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GCC_OpenMPI - test:execution ~ htmticov
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@ Continuous Benc... publish deploy
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INTEGRATED CONTINUOUS BENCHMARKING

Connecting gitlab, Jacamar, and JUBE
06.03.2024 | D. Brommel, J. Fritz, R. Speck | JSC
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MOTIVATION AND GOALS

= Apart from testing for correct execution, HPC codes demand regular performance monitoring

= Check for regressions during development, on different systems, or toolchain changes

= May require running on larger scale = Use Cl pipelines on JSC’s systems (per commit,

» Benefits from running on target HPC periodically)
systems = Create badge and pages that display
W SR ; - performance regressions

Showcase expected performance and correct
setup to potential users
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EXISTING APPROACHES

Bencher — a one-stop solution?

+ nanoseconds (ns)
24000~

2000-
20000~
18000~
16000~

14000

Boundary

# Bencher
Game

X-Axis StartDate  End Date

(o667 ]

main

localhost
benchmarks:bench_pl

ay_game

12pM 2

ettt
Report Date and Time =

How It Works

Run your benchmarks

Run your benchmarks locally or in C! using your favorite benchmarking tools. The
bencher CLI simply wraps your existing benchmark harness and stores its results.

Track your benchmarks

Track the results of your benchmarks over time. Monitor, query, and graph the results using
the Bencher web console based on the source branch and testbed.

Catch performance regressions

Catch performance regressions in Cl. Bencher uses state of the art, customizable analytics
to detect performance regressions before they make it to production.



EXISTING APPROACHES

walBerla — Grafana to display results

o)

— Talk by Christoph Alt and Harald Kostler

= UniformGridCPU.Operational intensity STAT Sum { project_id: ob28imeq/walberla, periodic.: 1, collis
~ UniformGridCPU.Operational intensity STAT Sum { periodic_2: 1, blocks_2: 2, cellsPerBlock_0: 128, ce
~ UniformGridCPU.Operational Intensity STAT Sum { periodic.

blocks_2: 2, host: casclakesp2, cells
Memory write bandwidth [MBytes/s] STAT Sum

4068/s

20685

= UniformGridCPU. AVX DP [MFLOP/s] STAT Sum_DP IMFLOP/s] STAT Sum { blocks._2: 2, branch: manu
— UniformGridCPU.AVX DP [MFLOP/s) STAT Sum_DP [MFLOP/s] STAT Sum { blocks_2: 2, host: casclaki
= UniformGridCPU. AVX DP [MFLOP/s] STAT Sum_DP IMFLOP/s] STAT Sum { blocks_0: 4, host: casclaki

Memory read bandwidth [MBytes/s] STAT Sum

5068/

Q search or jump to. Stk ® & signin
= Home > Dashboards > walberla > Uniform Grid CPU & < © 2023-10-13 09:09:34 t0 2024-02-2000:32:43 ~ > @ Q ~ |
host | Allv | projectia | Allv | branch | Allv | colisinsetup | All v |  mplnum_processes | All v | streamingPattem | All v | tmeStepStrategy |Allv | stencl |Allv | blocks.0 | Allv | blocks1 | Allv | blocks.2 |Allv | celsPerBlock0 | All v |
celisperBlock 1 | All v | cellsperBlock 2 | All v | periodic0 | All ¥ | periodicd | Allv | periodic2 | Allv | commits @D
> host: broadep2 (14 panels)
~ host: casclakesp2
Runtime (RDTSC) [s] STAT Max miupsPerProcess DP [MFLOP/s] STAT Sum
® 20
200 GFLOPS
167 mins o
100 GFLOPS
> . = . Y=Y
o0s. > 0. OMFLOPS .
0ha 1029 A3 s 12M3 1228 o2 0wz oam Whe 1029 MRS s 12M3 128 oz ou7 o2m Wha 1029 NN T8 213 128 oviz  ouz7 o2
- (ROTSC) [s] STAT Max , project - P blocks_0: 4, blocks.1: 10, imeStepStrategy: kemelOnly, cellsPer == UniformGridCPU.DP [MFLOP/s] STAT Sum ( blocks_2: 2, cellsPerBlock_0: 128, collsonSetup: central
— UniformGridCPU. Runtime (RDTSC) [s] STAT Max { blocks_2: 2, Jperi = P mpl_num_ ) periodic_0: 1, pulb = [MFLOP/S] STAT Sum { blocks_2: 2, periodic_1: 1, poject_id: ob28imeq/walberia,
— UniformGridCPU Runtime (ROTSC) [s] STAT Max { celsperBlock.0: 128, , timeStep = {branch: manual_cb_trigger, cellsPerBlock_t 128, cellsPerBlock : == UniformGridCPU.DP [MFLOPs] STAT Sum { collisionSetup: cumulant, host: casclakesp2, timeStepSt
Operational intensity STAT Sum AVX DP [MFLOP/s] STAT Sum" / “DP [MFLOP/s] STAT Sum Memory bandwidth [MBytes/s] STAT Sum
75Fiopleyte P — 100%
e %,
g — . 0GBl
—%5—oo 90% L
T = == ] socae
80%
OFioplyte.. I owmels. o we-o—9
ons 10128 n2s 23 128 0wz o7 o 078 1029 MN3 M2 2n3 128 oWz o7 o2m 108 129 MA3 T8 1213 128 oz o2z oam

= UniformGridCPU.Memory bandwidtn [MBytes/s] STAT Sum { nost: casclakesp2, mpi.num._processes
— UniformGridCPU.Memory bandwidth [MBytes/s] STAT Sum { branch: manual_cb_trigger, cellsPerBioc
= UniformGridCPU.Memory bandwidth [MBytes/s] STAT Sum { branch: manual_cb_trigger, mpLoum_pi

Memory data volume [GBytes] STAT Sum

15078




CONSTRAINTS AND THINGS TO CONSIDER

Want to reuse existing tools and setup as far as possible
= JUBE with common scripts
= Usable standalone outside of Cl

Avoid dependencies on additional servers (maintenance, cost, complexity)
= Purely gitlab may require additional repositories

HPC systems at JSC

= Requires account and project on JSC systems and internal gitlab
= Strict authorisation, shared user database — HPC runners: no leaking credentials,
but need to check ‘payload’

Pipelines are accessing a shared resource

= Turn-around times not predictable
= Pipeline races
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JUBE

The Jilich Benchmarking Environment — wuw.fz-juelich.de/jsc/jube

= Makes it easy to spawn parameter ranges (think: scaling, toolchains, optimisations, .. .)
= Compiles and executes the code, generates job-scripts, performs analysis
= Stores results also in sqlite format

—<parameterset name="modeset">

<!-- mode to run PEPC in --> E RN
<parameter name="mode" type="string">benchmark</parameter> +<step name="compile"></step>
<parameter tag="check” name="mode" type="string">test</parameter> <l-- run the binary, apply substitutions as necessary -->

<I-- strong scaling with constant number of particles --> +<step tag="Istats" name="run" depend="compile" iterations="1"></step>
<parameter name="particles" type="int">50000000</parameter> —<step tag="stats" name="run" depend="compile" iterations="5">
<parameter tag="check" name="particles" type="int">50000</parameter> <use>system</use>
</parameterset> <use>nodeset</use>
—<substituteset name="runsub"> <use>modeset</use>
<iofile in="${job_script}" out="job.slurm"/> <use>executable</use>
<sub source="##PARTITION##" dest="$partition"/> <use>runfiles</use>
<sub source="##NODES##" dest="$nodes"/> <use>inputsub</use>
<sub sourct #TASKSPNODE##" dest="$taskspnode"/> <use>runsub</use>
<sub source="##THREADS##" dest="$threads"/> <lr= Joadymodulos; <=>
<sub source="##WORKERTHREADS##" dest="$workerthreads"/> <do>${load_modules}</do>
<sub source="##SMT_THREADS##" dest="$thread_places"/> <do done_file="ready">shatch -A ${SBATCH_ACCOUNT} job.slurm</do>
<sub source="##MODULES##" dest="$load_modules"/> <[step>
</substituteset> . .
F<famaa> JULICH JULICH
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JUBE

The Jilich Benchmarking Environment

5 o>

Table: [ fullresults  ~ | & @ %

chksum

Filte: Filter

heads/ch_testing-0-g72ae7eaa jusuf
heads/ch_testing-0-gdfbf93b0 jusuf
heads/ch_testing-0-ge97f0eaf jusuf
heads/ch_testing-0-gdfbf93b0 jusuf
heads/ch_testing-0-ge97f0eaf jusuf

o [s[w[N

heads/ch testina-N-asQ7f0eaf insuf

Advantages

Member of the Helmholtz Association

(=)

Filter
ompi
ompi
ompi
ompi
ompi

amni

Highly reproducible

" &

Filter
simple
simple
simple
simple
simple

<imnla

Filte

n

'8

[SFSIESESFNES

Filter in an

el

» © o ® ® ®

06.03.2024

Filter

Logic and setup in JUBE , not in ClI

32
32
32
32
2
22

Fi

te

Filter

1024 50000000
1024 50000000
1024 50000000
1024 50000000
1024 50000000
1024 50000000

ter

55.649
55.66
55.675
55.671
55.744
55537

Slide 419

Filter

55.649

55.66
55.675
55.671
55.744
56537

— www.fz-juelich.de/jsc/jube

Filter

55.649

55.66
55.675
55.671
55.744
55837

Code experts can generate benchmarks (without Cl knowledge)

Y

Filter

3.8733
3.8759

3.877
3.8782
3.8796
28709

Filter

4.19417
4.19041
419183
4.20361
4.19547

419359

el

Forschungszentrum

4.2355
4.2345
42314
4.2969
4.2382
42117

JULICH

ter

systemname list_of mpis walk nodes taskspnode threads total threads particles wallclock_min wallclock_avg wallclock_max  tree_walk_min tree_walk_avg tree_walk_max tree_grow_min

1.0652
1.0637
1.0627
1.0649
1.0626

10643

Independent of CI, everyone can run the same experiments (development, external testing)
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GITLAB AND JACAMAR

gitlab runners on HPC systems — ecp-ci.gitlab.io
81 toolchains:
82 stage: build
83 parallel:
84 matrix:
85 - SYSTEM: [jusuf]
86 COMPILER: GCC
. . . . 87 MPI: [OpenMPI, ParaStationMPI]
= Like any other Cl steps in a pipeline s - SvsTER: Cuwels]
89 COMPILER: Intel
. . 90 MPI: [ParaStationMPI, IntelMPI]
= Pick runner on system (timeouts!) -
. . 93 - shell
94 needs: ["frontends: [pepc-essential, pthreads]"]
= Load system modules, no container images i1
96 - echo "Building PEPC (all frontends) on $SYSTEMNAME using $HOSTNAME"
to manage 97 - echo "Loading modules. .."
98 - ml ${COMPILER}
M' . | f h . 99 - mL ${MPI}
] 186 - ml Autotools
Ind ENV Varlab eS or batc JObS 101 - ln -s makefiles/makefile.defs.${COMPILER} makefile.defs
102 - make all
103 artifacts:
when: on_failure
paths
- bin/*
rules:
—' 1f" SCI,PRUJEDT,URML == ”Nt(’};ii//gltlah.JSC..‘Z']UPllCh de/SLPP/pepc/pepc"
‘ JULICH JULICH
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GITLAB AND JACAMAR

gitlab runners on HPC systems — ecp-ci.gitlab.io

111 # If the 'toolchain' builds work, test PEP
112 correctness:
113 stage: test
114 tags:

= Like any other Cl steps in a pipeline ms|  anmt
117 ["toolchains: [jusuf, GCC, OpenMPI]"]

n P|Ck runner On SyStem (tlmeOUtS') ﬁ; s:x_lg;.w "Running pepc-benchmark on $SYSTEMNAME using $HOSTNAME"
120 - echo "Loading modules..."
121 # load JUBE, the rest will be done f there

= Load system modules, no container images 2 o
124 - echo "Running JUBE... This will take some time..."

tO manage 125 - jube-autorun -o -r "-t check CI" benchmark/benchmark.xml

126 - echo "Checking for success..."

127 - jube result run/benchmark/ | grep -q failed & exit 128

= Mind ENV variables for batch jobs 128 - echo “Check seens to have passed..."

129 artifacts:
when: on_failure

paths:
- run
rules:
iin repository
- if: $CI_PROJECT_URL == "https://gitlab.jsc.fz-juelich.de/SLPP/pepc/pepc"
.o -
‘ JULICH JOLICH
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GITLAB AND JACAMAR

gitlab runners on HPC systems

= Need to consider how to store results:

= separate repository

= specific branch

= as artifacts

= directly on a filesystem

= May separate permissions, possibly
combine several codes, or use external

codes

Member of the Helmholtz Association
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— ecp-ci.gitlab.io

testsnippets
L
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FROM GITHUB TO GITLAB

Coupling ‘external’ repositories — Talk by Jakob Fritz and Thomas Gruber
— github.com/jakob-fritz/github2lab_action

User github gitlab Jacamar runner
git push

—_— &) start job
query result _— .‘
—_— “

Cl state job result
git push
—— gitlab API

gitlab

= Mind usage agreement
= Careful checks who's allowed to pushed

oo .
@) JULICH | &=
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github.com/jakob-fritz/github2lab_action

JUPYTER NOTEBOOKS...

... to help with the analysis and review

= jupyter notebooks ease analysis, domain expert can create and test this

[ ]
[ ]
[ ]

As complex as you like

Generate badges and trigger pipeline fails

Combine with, e.g. mkdocs to include in

documentation, create static webpages
that can be used on gitlab pages

Member of the Helmholtz Association

06.03.2024

Z Jupyter plot_results (autosaved)

Fle Edt View Insert Cel Kemel Help
B+ x A B A ¥ PR B C P Code v @
In [ ):|# Check/import environment to control notebook from CI

el

In[]:

In[]:

Slide 719

Il

ENV = %env

ENV[BRANCH']
branch=ENV[ ' BRANCH ]
except:
branch="naster"

# Continuous Benchmarking Results for PEPC

fxom IPython.display import Markdown as md
md("# Branch: %s"%(branch))

Not Trusted Pythor

Plots are interactive and can be zoomed, shifted, and data shown can be selected (via the legend). Double click {o reset.

import sqlite3

import pandas as pd
import plotly.express as px

# Define config options for plotly
px_config = 3
# Check environment to decide on renderer

Ty
ENV['RENDER_CI']

‘

.
px_renderer = "notebook_connect, 'njitebook| P d" @

@) JULICH
px_renderer = "jupyterlab” # renter rjilhe e Nl ) Nl 3

Forschungszentrum

e connection to database to read JUBE data

branch+"/result_database.sqlite")

t({'scrollZoon' : True, "displaylogo”: False,'modeBarButtonsToRemove': ['lasso2d']}) # enable

5| fos(iCRes instead of includ
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OLD RESULTS — AND NOW

From manual labour by PhD students to integrated benchmarking

Juqueen

[@-® xifpthreads: run successful _ +— gCC pthreads: run SUCCESSTUl _ d— XITSIpIe: run SUCCESSIUl <X gcC Simple: run successtul A&

X pihreads _clustered. run successiul @~ gcc pthreads_clustered: run successtul
If pthreads: build failed gec pthreads: build failed  # Xif simple: build failed gccsimple: build failed A A xifpthreads_clustered: build failed @ 4 gec pthreads_clustered: buld failed

it pthreads: run failed + + gec pthreads: run failed * 4 xifsimple: run failed X % gec simple: run failed A A xitpthreads_clustered: run failed @ & gcc pthreads_clustered: run failed

If pthreads: not started + 4 gccpthreads: notstarted & # xifsimple: not started X X gecsimple: notstarted A A xifpthreads_clustered: not started % 4 gec pthreads_clustered: not started

© 4047
4
4204
4206
2
o
430
@33
4598

cumulative change (per plot):

8
xlf.pthreads » -47.5% 358 §
5 0.6 gcc.pthreads N -12.8% ERn] @ 1
£ xIf.simple v -2.7% @ 78 = ™
Zost gce:simple »-0.8% TEREESREE
' xlIf.pthreads_clustered v -1.2% i 3‘3
\4/ 04 gcc.pthreads_clustered v -3.1% M

Done manually, quite some time of PhD students went into this.
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OLD RESULTS — AND NOW

From manual labour by PhD students to integrated benchmarking

Continuous Benchmarking for ReSUItS for II’]dIVIdUa| tlmers Table of contents
PEPC Statistics from all runs
Branch: cb_testing Overall timings (wallclock)
Branch: master
Per benchmark iteration Per benchmark iteration
Code Repository Per commit
Issue Tracker The solid red line represents a trend in form of a sliding average of 3 values. Results for individual timers
Per benchmark iteration
JUSUF Per commit
Timer
o Tree walks]
B © Tree Grows]
= commReceive[s]
Ll B * Comm Request[s]
4 Step Time 5]
Y s
E
£
2
.. =
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SUMMARY

Testing toolchains on target systems
Integrated Continuous Benchmarking (CB) the easy way

Minimal extra steps — since everyone should be using JUBE

u
u

v

v Separation of expertise: domain scientists stick to their part

v Scalable, running on HPC systems via Jacamar — no limitation on problem size
u

Standalone with no dependencies on external services

=5
https://slpp.pages.jsc.fz-juelich.de/pepc/pepc/
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