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This document provides practical gui dance fc
interpreting power consumption data from var
|t outlines the different approaches each s
expose a&amermoywer measurements, and offers cot
templates to help users monitor and anal yse
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This Best Practice Guide on Power Consumpti o
provides an overview of how users can access
across al/l currently active EuroHPC superc
met hods dawaimoanblteor and analyse energy usage
systems.

To support practical application, the guide
benchmark outputs collected from multiple Eu
shared on EPI CUREO®Gs s horHgMlehlRhE 6Gsi tsLhaobr)tr,beepnocshi
enabling users to integrate power monitoring

Co-funded by et b
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https://opencode.it4i.eu/epicure/shortbench
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The benchmarks sel ect&«adofwomr wti Hihs nsttihey H®PrCe cw

are typically available on al/l Eur oHPC <c | us
options to run on both CPUs and GPUs, all ow
and poowesrumpti on across different hardware c¢
These applications are also widely wused acr
particularly relevant for users deciding whi
those seeking practical examples of job scri

Ozz3p

About the code
GROMACSmpesnour cepethfigmmance mol ecul ar dynami

widely usedsciireaocmmuni ffy |t is primarily des
mol ecules | i ke proteins, | i pids and nucl eic
bi ol ogical systemiknke.in material s

About the benchmar k

| ignocealflsulpase of the PRACE Uni fied European
(UEABS) . 't simulates a compl ex | i gnfoiceelld ul c
for el ectrostatics, maskcianlge isti muélaevams fod
benchmar ki ng.

About the code

CP2K is @smuom@penquantum chsasmiaster yphygsdcsolio
package. It is known for its efficiency and
provides a gener al framework for different
the onenused benchmark input.

About the benchmark

H2@®DFT 3 s one of CP2Koés default benchmar ks in
't perf osrcesl d aDRTe cal cul ati ons on water mol e
evaluate the scalability -lmagleg agiarhdledt ipems oo
compuaraolgi tectures.

About the code

NAMD is a computer sof{pwadfrer mphcmei medetat ah
simul ations. |t I's noted for its parall el e
systems (millions of atoms).

Co-funded by 3 Tl T =R e
the European Union 3;** 4333 Jaint Und


https://repository.prace-ri.eu/git/UEABS/ueabs/-/tree/master/gromacs
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About the benchmar ks

20st mv2f é6memampyt i mi ze2dO)staw @mh gpt .(nnabnmeé mo-r y

optimized) are official benchmarks i ncl udec
designed to test performance on | arge bi omol
Mosaic Virus (STMV).

The same benchmar ks weracaled ®@reax eduthead dorar @F
same input configurations as on the CPU. Thi
of performance and s-oal §b ahadd oePlbeert ateeech rCuPris .
By comparing CPU and GPU results on identica
how effectively each code takes advantage of
i mprovements in both performance and -power
enabled EdraBRPRC Onsystembal eMesst r tmonar do, a
LUMI, where both CPU and GPU partitions are
uni form power measurement tools, the compar.
reliabl e.

Co-funded by 9 e, IPC
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https://www.ks.uiuc.edu/Research/namd/benchmarks/
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As part of the EPI CURE ©project, we have acc
supercomputing systems across participating
us to run benchmarks and coll ect power cons:
systemsyrieng that the information and exampl ¢
upp@date usage across the entire EuroHPC | and
Il n this section, we present an overview of e
For each machine, we describe its architect
and the tools or interfaces it provides for
coaxt will help users understand the capabil
and how to apply the practical exampl es shar
Az23 ) K

L UMI i ® xasgrad e EwpeoHPCMmputer, supplied by HP
since 2022. It is hosted by CSC in its Kajaa

@z Infinity fabric GPU-GPU
50+50 GB/s

@ Infinity fabric CPU-GPU
36+36 GB/s

Cray Slingshot-11 interconnect
25+25 GB/s

Fi gB3f:e Over vi ewG odomp utUaMInode
GPU partit-Gpon (LUMI

1T 2928 GPU, nodtEasigld-Lien
o4 AMD MI 250 GPUs (128 Gi B GPU memory)
o1l AMD Tre@QRW (hh®mk2 Gi B host memory)

CPU partit-€CQon (LUMI

T 1888 CPU nod¢e®se 2.¥5645Hz AMD Mil an, 256 C(
T 128 CPU nodeosr,e 22 x4%54GHz AMD Mil an, 512 G
Co-funded by = T
the European Union 11 E;* **/—jr EuroHPC
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T 32 CPU node€e®re22x464 GHz AMD Mil an, 1 Ti B
| nt er actadanmnwel yWdtaitas pa-bD})ition (LUMI

T 8 bmegmory nodeo,r e2 2x 264 GHz AMD Rome, 4 Ti
T 8 visualization nodes, 8 NVIDIA A40 GPUs
core 2.25 GHz AMD Milan (2 Ti B host memor

Energy i s measured on node | evel and job con:

energy accounting.

Dat a dnrcamrs on node | evelt hies aadvnaiin iasbtlrea ttoor s

Slurm i nfo

2 3 . 0 &ct gather energy / pm_counters
Extra tool s

Benchmarking environment
Manual executions
Performance anal ysi s

CrayPat, rocpr-Bf.S®Oalhaescd)Scmay be installed
found in the LLWMIaaSocefbtovwar eof fi ci ally support

Li nks
T Main page
https:/ /-ssawwerlcuormmputer . eu

T Documentati on
htt ps: / /-sduopcesr.cloummpiut er . eu

T Energy Consumpti on

https: / /[-sduwopcesr.clounmpiut er . eu/-ramg bjpbch sacdregwy/l e
T Soft warse all ati on

htt psssiuupleumiomput er .-lfa g yhBidboe.disb// L UMI

Az @2 NfbPAGEN

Leonardo lge nar anteixotms alede sTuper comput er, par
EuroHPC Joint Undertaking, in production sin
at the Bologna Technopole in Italy and it is

Leonardo i s structured I nt o t wo mai n comp
DragonFly+ (NVIDIA Mellanox I nfiniband HDR)
wor kl oad manager.

Co-funded by | el e
the European Union



https://www.lumi-supercomputer.eu/
https://docs.lumi-supercomputer.eu/
https://docs.lumi-supercomputer.eu/runjobs/scheduled-jobs/jobenergy/
https://lumi-supercomputer.github.io/LUMI-EasyBuild-docs/
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Booster Partition

3456 heterogenous nodes with 32 cores/ nod
Basedsiomgl e socket I nt el |l ce Lake CPU (11
GHz, TDP 250 W)

T Equi ppeNlVIWDItA Ampere GPUs, 64 GB HBM2e NV
T 2 x dual port HDR100O per node

Data Centric Gener al Purpose (DCGP) Partitio

1536 nodes with 112 cores/ node

Based on dual socket 56 cores Intel Sapp
Platinum 8480p, 2.00 GHz, TDP 350 W)

T Single port HDR100 per node

)l
T

= =

T Energy can be measured bayt itns@CGddenOyNd | o
for the Booster partition only.

T GPU energy on Booster can besme aasnudr eNdV MLy.

T CPU energy can be retrieved by reading R/
DCGP.

T Th&€l NEMON,dlevel oped by CI NECA RAPRIdErMd and
NVMpbower measurements, can be installed o
the overall CPU, RAM, GPU, NODE and JOB
are currently available, environment var
sampling period of RAPL amd NWMla.r d Mog e
depl oyment and measur ement configuration
README.md

Slurm i nfo

22.05.10
Extra tool s

COUNTDOWN, I ntel RAPL andSMNV] DCANEMOIN, NVI DI
Benchmarking environment
JUBE

Performance anal ysi s
SCORE, NSYS, NCU
Li nks

T Main Page

https: /Hlupemarodput er. ci neca. eu
T Energy usage

https: //slueemarodp ut er -scyisn eecna-e#Euinbppe ncy
f Documentati on

https:// docs.hpc.cineca.it/index. ht ml
Co-funded by 1 4 e EuroHPC
the European Union ‘ % 4333 o undentaking
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https://github.com/EEESlab/countdown
https://gitlab.hpc.cineca.it/amonteru/cinemon-public.git
https://leonardo-supercomputer.cineca.eu/
https://leonardo-supercomputer.cineca.eu/hpc-system/#jump-efficiency
https://docs.hpc.cineca.it/index.html
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Az ADPAEKNUDAT ¢ D2z

Mar eNostrumeascalae pEer oHPC supercomputer su
combi nes Lenovo ThinkSystem SD650 V3 and
architectures, providing two partitions with

Mar eNostrum 5 GPP (Gener al Purpose Partition
The Mar eMNosGPrPyma-pgepesal system, houses 6, 40

|l ntel Sapphire Rapids (4th Generation Intel
additional 72 nodes featuring Intel Sapphire
This configumaditoot alesudbest iof 726, 880 proce
mai n memory. The different configuration of
bel ow:
1T 6192 nodes, 2 x Intel Xeon Platinum 8480+
T 216 ghemrryodes, 2 x Intel Xeon Platinum 84
Gi
T 72 HBM Rodedgntel Xeon Platinum 8480+ 56 ¢
1T 10 Data2nadéstel Xeon Platinum 8480+ 56 ¢

MareNostrum 5 ACC (Accelerated Partition)

The MareNostrum 5 s x€Ceoamtpcreilseersatle,dl20 nodes b
Xeon Sapphire Rapids processors and NVI DI A F
+ GPUs) of 6 80, 9 6T0h eccoodegprue cen fuingiutrse.d wi t h t he
component s:

M 1120 nodes, 2 X Il nt el Xeon Pl ati num 8460Y
NVI DI A Hopper H100 64GB HBM2

T Energy usage is reported through Slurm e
Aware Runtime (EAR) tool

T On tGPeP par,t ietnieaongy consumption is monitor
Slurm energy accounting.

T On tAIC&C par,t ietnieoongy consumption i s monitor

Slurm i nfo

23.02.7

Extoal $

EAR

Co-funded by 1 4 e
the European Union ‘ 3;** o
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Bemhmamlkg environment
JUBE

Peof mananal ysi s

TALP, Extrae and Paraver
Li nks

T Main Page

ps:/ / www. bsc.es/ supportkc/ docs/ Mar eNos
Submi ssi on

s:/ / www. bsc.es/ supportkc/ docs/ Mar eNos

htt
T Job
http

Az a2 FUfD

The system is in production since November .
At os Sequana XH2000, with 813 compute node:
Il nfiniBand (Dragonfly+ topology).

CPU partition
T 573 CPU nodes, 2x AMD Rome 7H12 (64c, 2.6
GPU partition:

T 200 GPU nodes 4x Nvidia A100 40 Gi B HBMZ2,
GHz, 155W), 512 Gi B RAM

Large memory partition
T 20 f at nodes, 2x AMD Rome 7H12 (64c, 2.6
FPGA partition

T 20 FPGA nodes, 2MXBiG tG®GiaB eHBMEMDN(I ntel Str
2x AMD Rome 7452 (32c¢c, 2.3 GHz, 155w, 51

T Energy is measured on node | evel and o
through Slurm energy accounting.

1T Data from I PMI sensors on node | evel i's a
T For FPGA cards, weéeicrusegethéeéabietwareh is o
to admins

Slurm info

2 3 . 1 dcct &ther energy [/ ipmi

Co-funded by 1
the European Union ‘ SO



https://www.bsc.es/supportkc/docs/MareNostrum5/intro/
https://www.bsc.es/supportkc/docs/MareNostrum5/slurm
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Extra tool s

Benchmarking environment

Refr ame

Performance anal ysi s

Sco-Pe plerM&lune, NVIDIA Nsight Systems
Li nks

T Main page

https://docs. I xp.1lu

T Energy usage
https://dosstsepbgphbondfinenbphobser#egergy

AzcPANZOGfD

Karolina is HPE Apoll o (Apoll o 20G0blaoncdk iAnpgo | |

f aatree I nfiniBand interconnect. The system |
Karolina cluster consists of several partitdi
theeti cal peak performance.

CPU partition
1T 720 nodes, 2 x AMD Zen 2 EPBREDR#H12 (280W
GPU partition

1 72 nodes, NB| BBM2A10@004W GDP), 2 x AI

7 8 x
7763 (280 W TBDMDR41024 G

Il n the Kar oMERIaC sersdregny, efficientsHBEpkoy e w:

Using its Job budgeting service every wuser
executed under the project the user particip
|t i's also possible to extract € ree rugsye r g o nosru
specific period. I n | ogigaenargyd ess ,avaaic canbnhaen d olr
The MERIC Job budgeting service on Karolina
sever al l evel s:

T CPU energy consumptnidon perf ormance count er

1T GPU =energy cohnhs$ mmpbtainodn ( per f or mance coun
avail abl e.

T Node ener gy c d nGaumipitn aotni o n of CPU and (
consumption (high frequency powe®dasnampl i n
power monitoring of the node (low frequen

T Overall ener gy 1 dNeomsu nepnt e rogny consumpti on

system Power Usage Effectiveness (PUE) at

Co-funded by 1 L OHPC
the European Union ' ‘tl** &332 Jaint Unden


https://docs.lxp.lu/
https://docs.lxp.lu/first-steps/handling_jobs/#energy-monitoring
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T CO2e Overal/l ener gy consumption mul ti pl
(gCO2eq/ kWh) at the moment of the job exc¢
intensity -xmecibfe csi toer uni ver sal solutio
https://app.elecwhichtpmapysdesmt he car bon
(in Europe typically per country).

Besides the command | ine wutility which print
the |l evel s, the Job budgeting service also
presents power consumption timeline (power ¢
each )hodering the job. The timeline granul a

mi nute) presenting average power consumption

For users, MERI C runti meosly sitresnt € aucs eaf arsu mat it

available as a software module to measure
execution using command | ine wutil-etyicioeney
metricsplpiecratapn region if l i nked with the
interest instrumMefM@Bbedmofeedseeailian

Admini strators have additional power monitol
temperature | evel per node and <chassis i n
infrastructure | esvpeecsi faiccc oarvdaiinliga htiol istiyt.e

From February 2023 the Karolina cluster i s
mode, which reduces CPU core frequency | i mit
GHz, and GPU SMs frequency | imit of GPU part
Additionally, a group of users (extended on

management knobs to optimize energy efficiert

runti me system is available as a software mo
statiaotamdtac dynamic tuning to i mprove exec
See sedc.f3oon more detail s.

Slurm info

23.11.10
Extra tool s
MERI C

Benchmar king environment

Gitlab r ulnanccamarwiGlh dri ver available in | T4]
al |l system users) which allows to execute
benchmarking jobs in compute nodes.

Performance analysis

POP CoE toel s Scadarse a, Extrae, MAQAO, DL B,
NVI DI A Nsighin8ystemspftware tools, ePnoel Ad

Co-funded by 1 4 i uroHPC
the European Union 3;** o i


https://app.electricitymaps.com/
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Li nks

T Main pa
/

https: it4i .cz/ karolina/introducti o

i t4i . cz/ general/ energy/ ?h=en

https:/ C
T POP tool s
htt pscbép

Az Qii U0 NEEA&A

The system is in production since September
At os Sequana XH2000, with 1128 compute node
I nfiniBand (Dragonfly+ topology).

CPU partition
T 11210 CPU nodes, 2x AMD Rome 7H12 (64c, 2.
Large memory partition:
o 18 fat nodes, 2x AMD Rome 7H12 (64c, 2
Di scover epatr tGRU on

1 32 (4 1 8) NVI DI'A H200 GPU accelerators,
7.84 (1.96 1 4) TiB RAM

Energy is measured on node | evel and job cc¢

customavedd i nterface.

Data from | PMI sensors ammaundetlravtelr si s avai

Slurm info

20. ORulel . 1. 1

Extra tool s

Benchmarking environment

Manual executions

Performance anal ysi s

| ntVe lune, NVI Pl AMDsP rgohft, ,-PSc A&, HPCTool ki t.

Co-funded by , et b
the European Union



https://docs.it4i.cz/karolina/introduction/
https://docs.it4i.cz/general/energy/?h=energy
https://code.it4i.cz/energy-efficiency/meric-suite
https://pop-coe.eu/
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Li nks
1T Main page
https://docs.discoverer.bg/index. ht ml

Az @3 EP
The system i n production since April 202

IS
Sequana XH2000, with 1020 compute nodes, whi
(Dragonfly+ topology).

CPU partition

68 CPU nodes, 2 x AMD Rome
92 CPU nodes, 2 x AMD Rome

GPU partition
T 60 GPU nodes 4 x Nvidia A100, 2 x AMD Rom

(64c, 2.

7H12
7H12 (64c, 2.

Energy i s measured on node | evel and job con:
energy accounting (I PMI).

Data from | PMI sensors on node | evel i's avalil
is | oaded but not readabl e for user s.

Slurm info

2 41.1 ; adct _gather_energy /ipmi

Extra tool s

NV ML

Benchmarking environment
Manual Execution.

Performance analysis

LI KWI D, Tot abP,Vi pgeur,tdgucncer,e PAPI , nways,
Li nks
T Main page
https:// www.endm. si/ en/ hpc
T Energy usage
https://doc.vemwaaigerum. si/ energy

— B
= g

Co-funded by
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https://docs.discoverer.bg/index.html
https://www.izum.si/en/hpc-en/
https://doc.vega.izum.si/energy-usage/
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Az @3 O0DPZaNf

Deucalionsdasl @ pet@aHPC supercomputer, suppliceé
Technol ogies) and in production since June 2
do Minho in Guimar«es, Portugal

Deucalion has 3 partitions: one partition ba

one based on AMD Epyc 7742 processors (2 sof¢
partition based on AMD Epyc 7742 accelerated
i ncl udh nAgl ObOotwi t hiB4®fanWwWRAM) . G

The ARM partition is intercdnepecwedhwilth. bnb
factor and the AMD and GPUs partitions are i
Tree wit-bl dckingn

CPU (A64FX) partition
1T 1632 ARM FX700 nodes, Fujitsubs A64FX (48
CPU (x86) partition

T 500 nodes, 2x AMD Epyc 7742 (64c, 2.25 GH
GPU partition

T 17 nodes, 4 x Nvidia A100 GPUs (40 Gi B GF
(64c, 2.25 GHz) , 512 Gi B RAM

T 16 nodes, 4 x Nvidia A100 GPUs (80 Gi B GF
(64c, 2.25 GHz), 512 Gi B RAM

Deucal

I on uses tefef IMEIRACt ethRQC gsyof t ware suite
(Sesect Boh

Slurm info
23.11. 8
Extra tool s
MERI C

Benchmar king environment

Manual Execution

Performance analysis

POP CoE toéel sScadtasea, MAQAO, DLB, MERI C), |

Co-funded by 1 4 %D uroHPC
the European Union ' 3;** o i
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Li nks

f Main pag
https://

e
docs.deucalion. macc. fccn. pt

Azt ;1| K75

JUPI TER, the AJoint Undertaking Pioneer for
Research", will be the first exascale superc
by a PEwiTeken supercomputer consortium and wa
coopematwi th the J¢glich Supercomputing Cent
Forschungszentrum J¢glich campus in Germany.

JUPI TER Boosstseft <€ &Gtr@ddscompute nodes

1 4 x NVIDIA GH200 Grace-Hopper Superchip (see Fi g 8-R)e
o CPU: NVIDIA Grace (Arm Neoverse-V2), 72 cores at 3.1 GHz base
frequency; 120 GiB LPDDR5X memory at 512 GiB/s (8532 MHz)
o GPU: NVIDIA Hopper H100, 132 multiprocessors, 96 GiB HBM3
memory at 4 TiB/s
0 NVIDIA NVLink-C2C CPU-to-GPU link at 900 GiB/s
o TDP: 680 W (for full GH200 superchip)
1 NVLink 4 GPU-to-GPU link, 300 GiB/s between pairs of GPUs (150 GiB/s per
direction)
1 Network: 4 x InfiniBand NDR200 (Connect-X7)

Figge:dlode di agram of the 41 NVIDIA GH200 node desi

LLvi(eswect 4 g&an report power metric, i(.en. Wadd e
power, CP U/ GP & cphoiwe rp, o wseurp.

Co-funded by
the European Union

*
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https://docs.deucalion.macc.fccn.pt/
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Slurm i nfo

Extra tool s

LLview

Benchmarking environment
JUBE

Performance analysis

ScoPe Scalasca, CUBE, Vampir

Links
T Main page
https:/Juepitear de?

M LLvi ew
https: /-/fuélviiecew. dea/

Co-funded by

:* *
the European Union 2. [:; »1= EuroHPC



https://jupiter.fz-juelich.de/
https://llview.fz-juelich.de/
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Oz ©ZT Ac

SLURM i s -aoumn@eolfamuant , and highly scal abl
designed for both | arge and smal/l Linux clus
For power management, SLURM offers plugins t
on a- pbrbasis. These plugins can use various
RAPL counters, or external scripts, dependin
cocted data is stored alongside eachacj ob and
command, as described bel ow.

More details about SLURMOGs power me@lur emment

documentation on Ac.ct GatherEnergyType

Il n the benchmarks presented in this docume:
through SLURM, we gagsievdehi gehieeo mmapadrt the job
the corresponding .energy consumpti on

$ sacct -jjobid0
> - 0 nnodes,ntasks,ncpus,consumedenergy,consumedenergyraw, elapsed,elapsedraw

Fi gd-t:eThe command to report the job type and the et

0263 |

EARoftware is a management framework opti mi
cluster of interconnected nodes. To i mprove
energy <control, accounting, moni toring and
running ohusther and of the overall global cl
At EAROGSs core is a monitoring tool which g
applications running on the <cluster. Ther e
consumed by the applications running on the
EAR repotream a&ryd application information.

EAR components are the EAR Ilibrary (EARL),

Daemon (EARD), EAR Slurm plugin (EARplug) an

EAR offers a highly configurable and extensi
Last versiomdes &EAR ugicn mechanism to dynami

power and time models, energy readings and a
simpleandsgesal approach, EAR includes defaul't
featuress 6thah bmchedul er full compatible wit

SPANK -phugWi th EARI'"m®s, SHhwnm mpd uggn application
as submitting amunjsoabh owinpruh. eliteheEAR Li brary (
automatically | oaded with some applications

Co-funded by 5 Tl T =R e
the European Union ‘ 3;** 4333 Jaint Und


https://slurm.schedmd.com/slurm.conf.html#OPT_AcctGatherEnergyType
https://slurm.schedmd.com/slurm.conf.html#OPT_AcctGatherEnergyType
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The following |[|ist highlights the main func
Whi | e t he accompanying exampl Mar eaNoesi d emmo n s
supercomputer, these capabilities are desig
installation of EAR.

EAR job Accounting

Thectcommand shows accounting information st
steps) | Ds . The command wuses EAR's configut
running it i S prnu-pt egeldegoerd nuoster sascan onl
informattoprovides the following options.

341 38 SEl YLX Sa

The basi c eatctsragter iofves the | ast 20 applicati
executing ipriviil eadbeapemayssee all userso ap
behaviour shows dsatteap,f raogny reeagcaht ijnogpb t he val ue
sai dsteomb. I f using S| umhnfshaxts) ajsdmp Manageat e d

the data from the entire executi-jonaptAi epeci f

[user@host GROMACS]S eacct -j 21382481

JOB-STEP USER APPLICATION POLICY NODES AVG/DEF/IMC(GHz) TIME(s) POWER(W) GBS
test gromacs NP 2 2.86/2.00/--- 73.50 1486.79
test gromacs MO 2 2.77/2.00/2.40 64.14 1576.75 6.93

CPI ENERGY () GFLOPS/W IO(MBs) MPI% G-POW (T/U) G-FREQ G-UTIL(G/MEM)
-~ 218600

PACYYEY:] 0.0049 1.5 41.4 947.53 /947.53 1.969 42% /2%
Fi gdR©Output obtaihkAA@mmanyd ther a specific job

For wm@pekei fic infiormatj ohongheopti on provi des
each individual : | f EARL was | oaded du
data (i.e., EAR | oops)}r nfalyadg.e Ane terxiaenvpel de boyf ub
[ ow

[user@host GROMACS]S eacct -j ) -

NODE ID 1 APPLICATION TIME(s) POWER(W)
accl gromacs 2. 74.00 1528.89
acc2 gromacs 2. --- 73.00 1444 .68
accl gromacs 2. 2.4 64.14 1637.62
acc? gromacs 2. 2.1 64.14 1515.87

NN N

[
W W

ENERGY(J) %) G-POW(T/U) G-FREQ G-UTIL(G/M)
113138 - - - - - e
105462 - e e - - e
105032 1. 0 1.1 966.45 /966.45 1.980
28.61 /928.61

Fi gdBAAAADowi ng detail ed accounting of each node.

To easily transfeoct, tly@uoctaputapter danmmet o save
requested data in CSV format. This can be do

[user@host EAR]$eacct -j21382481 -c test.csv

Fi gdde Saving thhkAb@ttpadst odsv.

* - *
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| f succesbfsée omessage | i ke:

Successfully written applications to csv. Only applications with EARL will
have its information properly written.

Figdbe The success message from the EAR applicatio

9EIFYLX SY 'aAy3a 9!w SAGK {td2NYbaANHzy 2y al

When submittdbarlg, jEOAR owittihons can be specifi ec
available in both partitions. For exampl e:

#SBATCH- ear=on # Enable Energy - Aware Runtime (EAR) monitoring
#SBATCH- ear - verbose=1 # Enable verbose EAR output

module load ear # load the ear module
mkdir - p ear_metrics # create directory to store EAR results

srun -- ear - user - db=ear_metrics/app_metrics gmx_mpi mdrun \
- s lignocellulose -rfitor  -pinon -noconfout - nsteps 20000 - nstlist 200

Fi gd6:e Example job script using EAR on MareNostrum

EAR policies

EAR offers three e mekengg 2nmdneianidaisringp.l uQh e sl: a st
one is not a power policy, is used just for
i s not modified (neither memory nor GPU fregq
set t i n-gear-policyepolicy option when submitting a S|
parameter, which is a particular value or th
usi ng t-lhae polfcyl -ghgalue @

[ ET mAl AOCU

The goal of this policy is to minimise the
performance degradation. -Tebripgicy Fth onptti ors @rett h
configuration file.
srun -- ear - policy=min_energy \
-- ear - user - db=more_test_min_energy/app_metrics gmx_mpi mdrun \
- s lignocellulose -rfitpr  -pinon -noconfout - nsteps 20000 - nstlist 200
Fi gd7:e Sel BEt g ADIAOCa& Sl urm job.
i ET mOEIT A
The goal of this policy is to improve the ex

ratio between performance benefit and freque

energy consumption from this frequency 1ncre
For i n st earnpolie ,-th=0.70 , EAR wi | | prevent scaling t
the ratio between performance gain and frequ

OAoA& ABRNTAEOAQET I A

N XXy —
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[user@host GROMACS]S eacct -j 21382481 -r

JOB-STEP NODE ID DATE POWER(W) GBS/TPI CPI GFLOPS/W
21382481- accl 12:18:16 165%0.3 7 /1 0.312 .005
21382481- acc? 12:18:17 1550. /1 .326 .005
21382481- accl 12:18:27 1782, V! .329 .004
21382481- acc2 12:18:28 1379. /0 .306 .006
21382481- acc2 12:18:40 1609. V! .303 .005
21382481- accl 12:18:48 1523. S .325 .005
TIME(s) IMC_F IO(MBS) MPI% G-POWER(T/U) G-FREQ G-UTIL(G/MEM)
.001 : : .40 0.0 40. 951.3 / 951. .98 44% /2%
.046 . y .40 . 43. 966. 966. .98 45%/2%
.076 ‘ : .40 ; 35. 992. 992. .98 46%/2%
«153 . . .40 ; 48. 933. 933. .98 43% /2%
191 ; : .40 - 49. 937. 937. .98 38%/2%
.094 . . .40 - 36. 988. 988. .98 45% /3%
Fi gu4k8e Exampl e job script using EAR on MareNostrum
srun -- ear - policy=min_time  -- ear-policy -th=0.70 \
-- ear - user - db=more_test min_time/app_metrics gmx_mpi mdrun \
- s lignocellulose -rfitpr  -pinon -noconfout - nsteps 20000 - nstlist 200
Fi gdB.e Selecting min_time policy in a Slurm job.

CPU Frequency selection in EAR
Within EAR, you can manually select a CPU fr
optimization policy.

1 Us e -t darepolicy=policy name f Il g sel ect the desired po
T Use -tdarecpufreqg=valte f |l ag t o specify the desired
The value mustk Hheee pgoyvi2a@@00HMO for 2.0 GH
y
I

We evaluated the performance and energ
using different EAR policy and thresho

cons
d val

T Without tER&R perf odtma8mbée nwdslay

Mi-mi me Pol i cy:

T With the def aul t- edar-holce shhoés)dp ewdlowremapice wa
53.363 .ns/ day

1 Us i Aar-polcy -th=0.70 ,
performance sl i ¢pIBt I2yl 5decsr/ elaayyed t o

Mi-BEner gy Policy:

T With the def awd-polcyt-tht0ess)holpder(f or mance i ncr
56. 635 .ns/ day

T Using a higheea-pblidyrte=8ldd| d peér f or mdabn c0eB8 4wa s
ns/ day

Moni toring Policy (CPU Frequency Scaling):
T At2. 0 ,GHxmer f or nbabn.c7e2 2w.anss / d ay

RERCEN Co-funded by 5
L the European Union ‘
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T Atl. 9 ,GHmer f or nbabn.c2el 6w.anss/ d ay
T Atl. 8 ,GHmer f or ma n c5e6 .dlr308p.pnesd/ dtaoy

The energy odn GRMOMAICESn ¢ oinsf isghuorvant i boenl o w:

Configuration PerformEnergy(J)
(ns/ day

GROMAQNo EAR) 55. 856 /1238297

GROMAQS hreshol d=0.6/53. 363 |23240idtm)
GROMAQS hreshol d=0.753.215 2197 6iTtmd¢)
GROMAGS hreshol d=0.056.635 |22 3 9(&iYenergy)
GROMAQS hreshol d=0.1|55. 084 |21 8 0(&i2energy)
GROMAQGQS req=2 GHz) 56. 322 |20 7 2(bditoring )
GROMAQS req=1.9 GHz)|56. 216 |2 3 8 3(6Gochitoring )
GROMAQS regq=1.8 GHz)|56. 138 |239 2(dditoring )

[AY1la

T EAR Policies
a compl et gui dsdo fofni cEEAaBR pdjol ciucmeent at i on
https:/ /g | ab. Bswi.kda ss//eAarrc hti et eenc/teuarre/#pol i ci

[
e
it
T Example job scripts
Slurfjmmb scriptsaresiimghbA@ert dOreemgdhsot ory
EPI CUREOGOSs( SGed LsbBhgl i on
Platforms/MareNostrum5/<partition>/<benchmark>/<benchmark>_job.sh
T Resul ts
the resoamtshe exampdamns be ofmowamaodvien
Platforms/MareNostrum5/EAR_metrics/<partition>/<benchmark>/
T EAR user gui de
a complete user ¢dJg@ffdiecioal ud)o agmé&mMtRat i on
https://gitlab. bwick iess/ lgisadke t eam/ ear /

Co-funded by 5 e, PC
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https://gitlab.bsc.es/ear_team/ear/-/wikis/Architecture#policies
https://opencode.it4i.eu/epicure/shortbench
https://gitlab.bsc.es/ear_team/ear/-/wikis/User-guide
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MERI C runtime system from the MERIC energy

e

the flagshPpricodmanod Opti misation and Prod
fl

Centre of Excellence (CoE). As a CoE agshi
public software module to all Eur oHPC syst
measurement, and i n omenasiypgteenantallcurpewt | vy
Deucalion). Thanks to the MERI C, the wuser

consumption despihtag dwlhe eunderdliyifrrg-emeéci fuisé n.
power monitoring system, or the energy cons
possi ble ways.

The wuser may use a command | ine wutility to
application compl et e execution or l i nk t he
instrument application's regions of interest

mericStatic - e RAPLNVML-- start &
Ipath/to/benchmark [app params]

mericStatic - stop
mericStatic  Z eval

Fi gwrl®d Exampl-nockde ngbagd AGEAIGeOEMand | ine wutilidt
consumption using RAPL and NVML performance count e

mpirun - np $nnodes -- map by ppr:1:node mericStatic -e RAPLNVML-- start &
#srun - overlap -- ntasks -per-node 1 -- nodes $nnodes mericStatic \
# -e RAPLNVML-- start&

srun /path/to/benchmark [app params]

mpirun - np $nnodes -- map by ppr:1:node mericStatic Z stop

#srun - ntasks -per-node 1 -- nodes $nnodes mericStatic - stop

mericStatic - eval

Fi gudrlel Exampihedmulutsiad éd OEfA 3t@hkedEna nd | i neO@@iid IBIEtGOd u s
and stop the measuremenfi Ti @ ADI | allocated nodes (

. IR, 3 -
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L the European Union P: **;j
- N * *



. EPICURE

Runtime [s] = 279.835
PCKG_ACTIVE_CORES_AVG_0 [J] =858.128
PCKG_ACTIVE_CORES_AVG_1 [J] =837.706
PCKG_0 [J] =58676.202

PCKG_1 [J] =59319.097

RAPL Energy consumption [J] = 117995.299
RAPL Energy consumption [Wh] = 32.776

Runtime [s] = 279.835

GPU_0[J]=21789.773
GPU_1 [J] = 22634.641
GPU_2 [J] = 21576.006
GPU_3[J] =21356.166
GPU_4 [J] =20476.886
GPU_5 [J] = 20994.002
GPU_6 [J] = 20145.965
GPU_7 [J] =21866.124

NVML Energy consumption [J] = 170839.563
NVML Energy consumption [Wh] = 47.455

Figdle Exampl e olukpruA3 GUDOAE® mmand from a single n
with two AMD EPYC CPUs and eight Nvidia GPUs (benc

job_id :2685249

job_id :2685249

Max Runtime [s] = 279.881

NVML Energy consumption [J] = 338331.189
RAPL Energy consumption [J] = 235217.793

Total Energy consumption [J] = 573548.982
Total Energy consumption [Wh] = 159.319

Figdld Exampl e olukpik3 M@ BA&i®e mmand summarising meac¢
compute nodes (the s aHrnegdega.sur ement as in

MERI C requires that wuser specify what power

which ones are available in the system. For
systemlnfo MERIC wutility, which prints detai
powernimoring and power management possibil it

Co-funded by ‘ e o
the European Union 2 = EuroHPC
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# SYSTEM INFORMATION
CPU name: AMD EPYC 7763 64 - Core Processor
Sockets per Node: 2
Cores per Socket: 64
Threads per Core: 1
GPU name: NVIDIA A100 - SXM440GB
GPUs pernode: 8

# CPU FREQUENCIES
Turbo CPU core frequencies: 3525000 kHz
Nominal CPU core frequency: 2450000 kHz

# GPU FREQUENCIES
Memory: 1215000 kHz ~ SM: 1410000 - 210000 kHz (81 steps)
Default memory frequency: 1215000 kHz
Default streaming multiprocessor frequency: 1095000 kHz

# CPU POWER LIMITS
CPU max power limit: 280 W
CPU power limit: 280 W

# GPU POWER LIMITS
GPU max power limit: 400 W
GPU min power limit: 100 W
GPU default power limit: 400 W

# AVAILABLE POWER MONITORING SYSTEMS
RAPL
NVML

Figdfée Out pudU®GAIityhieéd ity when executed in a Karol

Sl urm j ob srertSitip t st iulsii thyg ciam tbhee fsohuonrdt bench r €
EPI CUREOGOSs( sGee Lsbhgltn on
Platforms/Karolina/<partition>/<benchmark>/<benchmark>_job_meric.sh

See MERI C runtime system user guide for more
i nstrument an application, and how use MERI
efficiency.

https:// codeefiftiddi. emadye/nmednnigs i C

Co-funded by
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https://opencode.it4i.eu/epicure/shortbench
https://code.it4i.cz/energy-efficiency/meric-suite/meric
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Oz0mpuk 2qAk

COUNTDOWN is a power management tool able to

to automatically reduce power consumption o
communication and synchronization. The tool
communi vatni am equivalent PMPI cal I, but aft.
epilogue routine. These routines are defined
modul es, supporting monitoring and power mal

variables camt bel stehe tloi®d of HW perfor mance
of the monitoring/ management or the verbosi
prel oaded at runtime without source code moc
a stlaitnikci ng | i Wr anty ctoanpbh é eud e me .

COUNTDOWN i mpl ement s three compl ementary p
application behaviour at varying levels of g

1.MPI Profiler

This component collects detailed infor ma
process. It records MPI communi cator s, g
process is running. These metrics help ch
and detect poteasi al Il nefficien

2.Fi iGrain -Michiotectur al Profiler

Running i n paral |l el with the MPI -profil
architectural metrics at every MPI cal l
space to access Intelds Performance Moni't
such S averagye, cbirme fStegmep nCount er (TSC)
re d

ap
vV a
3.Co

a
red. Up to 8 configurable counters ar
i cspeicofliecvellowper for mancegreventisnsiIghit
abliedémti fying computational ineffici
Greain Profiler

_|
y

c
a

c

ti

p |

| u

ar-

is profiler samples a broader range ol
cluding TSC, instructions retistade fr
sidencies at both core and uncore | evel
d power usagenwmsingg Avetr algé@s PRwer Li mit
cause access-l evelt hbaedwarwe counters t
e t ed privileges, QO &N TADOWN r us eTshi § hd
a cure access bBoristaddaubsesents$
C e registers without compr omi S
e uent samplinbasetdi snpeo¥a
t only i f a predemplne.d 1t
e
a

)
— D O

r checks this i nterval
0O maintain synchronizati

OHoO0OD DO —~ —
OTY<—=-5—O®>5O®S5

e
Detailed data from the MPI profiler i1 s store
l ong executions. Jfeagabhbeéel ¢élextasbmmany i s a
provide an accessible overview of profiling

CNTD source code can: be downl oaded from
https://github.com/ EEESI ab/ countdown. gi't

Co-funded by 3 23 o
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The instal Ckeomususibreg configured with the
used for the application. A basic installat:
example, with the following commands

module purge

module load openmpi/4.1.6  -- gcc-- 12.2.0
module load cuda/12.1

cmake - DCNTD_ENABLE_CUDA=ON ../
make

Figuilb Basic installation of CNTD.

w h e r-BCNTD _ENABLE CUDA#OS needed t o profile GPU met
configuration options, t he user can rel y
https://github.com/ EEESI ab/ countdown/ bl ob/ de

For the sampling approach of CNTDlpentdshh € user
the measur ement can be customized with par
sampling interval and the name of the output

* R
PRl Co-funded by 3 TACE EuroHPC
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https://github.com/EEESlab/countdown/blob/develop/README.md
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#/bin/bash

#SBATCH- nodes=1

#SBATCH- ntasks - per - node=4
#SBATCH- cpus- per - task=8
#SBATCH- time=00:20:00
#SBATCH- exclusive

#SBATCH- gres=gpu:4

#SBATCH- partition=boost_usr_prod

module purge
module load profile/lifesc
module load gromacs /2022.3 -- openmpi-- 4.1.6 - gcc-- 12.2.0 -cuda- 12.1

export OMP_NUM_THREADS=8
export OMP_PLACES=cores
export OMP_PROC_BIND=close

export GMX_ENABLE_DIRECT_GPU_COMM=1

export CNTD_SAMPLING_TIME=0.1
export CNTD_OUTPUT_DIR=CNTD
export LD PRELOAD=<path to - installation>/src/libcntd.so

srun -n4 - cpu-bind=cores -- cpus- per - task=$S LURMCPUS PER_TASK
gmx_mpi mdrun - s lignocellulose -rfitpr  -pinon -noconfout - nsteps 20000 \
- nstlist 200 -dbyes

Figdlé Example job script using CNTD.

The default measurement configuration wil/ p
T executipon ti me
T parall el information (number of MPI tasks
T energy of the job,(PKG, DRAM, GPU)
1T average power (PKG, DRAM, GPU)
T performance information (Ti me mianhe mdRPIly c on
usage, CPU frequency, )
T GPU reporting (utilization, memory, tempe
T more detailed inf.ormation about MPI
Co-funded b , R
the Europear)\lUnion 3. = = EuroHPC
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Ozn3z | eDPfcDKkAK2K DxAj e

I nt el and AMD perdmoa&xnpaonsceedtooaosuingtgearnsd ged,ugi ns
intel_rapl , amd_energy, msr_safe , EAR, MERI C, GEOPM, COUNTDOW
mor.e Each EuroHPC site uses a different inter
provides unified way t ol tr ehaads RbAePeLn fd eopr otyheedm
several EuroHPC systems.

Similarly, information provided by NVML is wu

O0zQPHUt aNDPA¢U

ThéHPC Usero(hPotrptsal/ / hpc)dor taalj.dobs camd / resour ce
platform designed with the needs of HPC wuser
status and gener al resource usage metrics o
port al provides machine stodt iasvtaiiclsa,bl £u cahn da s
CPUs, for BSC's primary HPC systems. The pl a
and wil progressively offer more features
(ACC) p ition, power consurbptti oan dat & eii :1gn
Some of e features provided by HPC portal
g

I
art

t h

Job monitori

p of the HPC User Portal is the

c

in all the machines by every a

n
The main e

d

he general characteri,stnade/otfa xla
0 .

a

jobs | aun
' isting of
configurat:.
current CPU

a
h

o —~+ 0D«

D I f the job listed is in
nd memory wusage.

(( &= HPC| User Portal

All machines » C | Q EXPORT 7O CSV
2 CcPU Memory
1) Name Status User Machine Qos Submit time Start Wallclock Nodes Tasks ® ®
025
21628757 wrf_jube_r Completed MareNostrum 5 gp_bench 5816 00-10:00 1 12 N/A N/A PREVIEW VIEW
28/0 :
21614774 interactiv Completed p_benc 104 N/A N/A PREVIEW VIEW
21614766 interactiv Cancelled p_ben: NONE Unlimited 1 8 N/A N/A PREVIEW VIEW
28/05/2025
21614708  wif jube.r Completed MareNostrum 5 gp_bench il J 00-10:00 1 12 N/A N/A PREVIEW VIEW
2 27/05/2025
21580724 wrf_juber Completed MareNostrum § gp-bench By 00-10:00 1 12 N/A N/A PREVIEW VIEW

Figuil@ Main page of the HPC User Portal.

Once a specific job is selected, we get the

Co-funded by 3 4 %D uroHPC
the European Union ‘ ‘tl** &332 Jaint Unden
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Job 21614708
Job details

Machine: MareNostrum 5 Max(Memory %): N/A
1D: 21614708 Avg(CPU %): N/A
Name: wif_jube_run Nodes: 1
Status: Completed Tasks: 112
Load status: Ok Number of CPUs: 112
Submit time: 28/05/2025 10:40:09 Shared: No
Start time: 28/05/2025 10:40:09 Dependency: None
End time: 28/05/2025 12:57:14 Features: perfparanoid
Wallclock: 10 hours General Resources: None
Run time: 2 hours, 17 minutes, 5 seconds User:
Submit node: glogin1 Account:
Is batch? Yes Partition: gpp
Batch node: QOS: gp_bench
Last updated: 28/05/2025 13.05:08 Reservation: None

Figdil8 Job details.

CPU wusmegneo,uyg agepoawnedconsumption are also provi .

28/05/2025 11:00 28/05/2025 11:30 28/05/2025 12:00 28/05/2025 12:30

Node gs06r3b70
FigdfLe8Power consumpti on

Node gs06r3b70

Node gs06r3b70

Figdr® CPU usage. Figdkré& Memory usage.

Co-funded by
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LLviiesw a set of software components for mo
resource manager and scheduler system. |t co
presents it to thehtutses: Milae haii)ave.bd ep/or t al

At JSC, LLview col | eocwtosr kd ataal fnrracmmmgthe Slhui o

running on compute nodes, and sensors that e
with the Prometheus monitoring system. LLvi e
monitoring dat a, storesrthepomtfiomgnai homepart

dat abases and present 9 aiste dt-ednrdohpdo rutseelr. vi a a
The LLview Job Reporting web portal provides:

1 job list tables, containing their aggregated performance information (for jobs
that are running or have already finished within three weeks),

1 timeline graphs per job for the key performance metrics,
9 access to detailed job reports, including an interactive report or a static PDF
version,

1 role-based access to different levels of information,

1 live view of the system.
| Fi gd4RB8 a snapshot of the Jobs Dashboard shc
and each column containing one of its metri
indicate potenti al probl ems. Detailed job r
columns. SewM edcdtsipdngpyas raoggregated graphs at tl

38888

g8

Hgggggigigﬂﬁ

§5EEEE
2
H

]
#s
als

"

£

5 &

) %25 141000 0 i
= m- Coumns- Hentries: 2227222 T &

Power Unagn § | e
i
|

AR |

¢) JuLicH

FigdeeLLview Job reporting web portal

The dashboard provi des a wide range of me
categori es:

T Job met adat a

Job I D, username, project id, start ti me,
T CPU
average CPU wusage, number of active physi

N XXy —
PRl Co-funded by 3 TACE EuroHPC
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https://llview.fz-juelich.de/
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T GPU
GPUutilization, me mory usage, temperatu
indicators for potential throttling or re

T 1/70 and network activity
read/ write throughput, file open/ cl ose
i nput/ output rates

This comprehensive set of metrics enabl es u

detect inefficiencies, and troubleshoot job
A significant recent enhancement to the LLvV
power telemetry data. This addition all ows
power consumption during job execution. Curr

1 Node Power
the total power draw for the entire node at the moment of sampling,
1 CPU Power
the instantaneous power consumed by the CPU package, including its memory
controllers and system 1/O,
1 GPU Power
the current power draw of each GPU device, including its onboard memory
1 Superchip Power
t he power usage for each #dAsuperchipo (i

modules).
Energy consumption is calculated by aggregat
at -oomneute intervals throughout the duration
are presented in a var+dsheuysof Whhitsmegapobbd
ki ladchwour s (kWh), providing flexibility for d

Fi g W42 @8illustrates the display of power and energy values on the LLview web

portal. The metrics highlighted within the red frame represent power and energy

values, with each row corresponding to an individual job. For t he currently
job (indicated by the yellow highlighted ro
di spl ayed at t he bott om. These ti melines

consumption, simplifying analysis hef jebésgy
execution.
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Fi gdyr8Power and energy values displayed on LLview w

| T4l nnovations User Port al and SC

or information about the currentUset uPbetab
ttps:/ / extr aneéelth.eiyt £ia.nc s/wi 4 wedhb bet ween the cl
ames in the wupper right corner. Users <can
espective keywords

= o= T

n addition to gener al information about t he
ow al so contains information about CPU, GPU
oany .Jjobsers can also check the power cons
omponents of the compute nodes. Examples of
el ow.

I
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https://extranet.it4i.cz/rsweb
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IT4Innovations Karolina Compeys _Barbora

[ Clustor | Quoues | Jobs | Noties | Jobe Summary | Nodes Summary
My cluster My jobs My jobs estimation My jobs summary

Job
Graphs

Job overview

job id:

name: C_vasp

state: COMPLETED
user:

queue:

priority: 100000000

submit time: 2025-06-20 04:10:38
start time:  2025-06-20 04:10:57
end time:  2025-06-20 07:48:25
time limit: ~ 18:00:00

used time: 3:37:28

Entity Energy [MJ] Energy [kWh]

CPU 1.581557 0.439322

GPU 5.454483 1515134

node 14.116252 3.921181
Figdyré Example of job information provided to user
IT4lnnovations Karolina i

My jobs My jobs estimation My jobs summary

Job graphs

Graph:(acnd7 | Metric: [nvidia_smi:power_draw v/ Info
power_draw
1600
1400
= e o A
s ;;:‘j Wil m S “!\é,:'aﬁ.' “W iy i§§‘;};"i‘f‘3ﬂ. i ;
400 I AW R AN ~"w W!“ Lad Wi

o RN NAAC I 1A AdebJLJHW‘Mwuf ERHNAMEMA NI WS

04:30 05:00 05:30 06:00 06:30 07:00 07:30
== power_draw {arch="Ampere", cluster="KAROLINA", comp ute_mode="Default", host="acn47.
== power_draw {arch="Ampere", cluster="KAROLINA", compute_mode="Default", host="acn47.|
== power_draw {arch="Ampere", cluster="KAROLINA", compute_mode="Default", host="acn47.|

Figd4eBUsers can also visualize the power consumpt it
consumption of individual GPUs on a selected compu!
The | T4l nnovations I nf or ma(lh i oms : 3 VY)sitcesm iat( BiC.S
comprehensive platform for managing the | if.
and pri mary i nvestigators t o manage proj ec
resources from the initial request through t
During the project's active phase, the syste
Thi s i ncludes tracking the usage of all oca
measureddbhony sagainst the approved allocatior
Co-funded by ‘ e A,
the European Union 3 S MNEE EuroHPC
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i mage, the system also offers a specific fE
details the eMeegdaguyl eBIded ainm -hKulk e wg tktwh) and
associated carbéephpkdgootwirimtdana C®Or oken down
nodesage.

wes . o o o N o sk @
Project OPEN-32-4 #2878 i back
Energy Consumption [rotal
Entity Energy [MJ] Energy [kWh] CO; [kg)
CcPU mnss 333 19
GPU 3992 109 395
Node 7294 2026 721
Energy
Consumption Last
2025
Caover

089
Data availability:
2025-04-06 21:1715 +0200

FigdrBExampl e of energy consumptdiesn pefr Q@RWY,ecGPUs a

. IR, 3 -
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Since ot all machines use the same metrics
di fferent machines), the plots shown are | u:
by e. g. net work components or storage i S not
sysem would be available on al/|l ma c hihrees s, it
valueWe also | earned that the sampling freqgt
the results significantly.

Al | runs al ways use full nodes. The mo st
(combination of MPI ranks, threads and GPUs
This configuration is used in subsequent run
t hat thhse sghrcaw al ways the number of nodes, ir
cores or GPUs that might be different in the
It becomes clear from the graphs, i f not kno
keep increasing the number of nodes hoping t
at a much | ower energy cost. And it i's i mp
combnati on of MP | ranks, threads and GPUs b

computati ons.
For GROMACS, CP2K and NAMD, we show foll owin

T APer f orEmeemrcgey 0 pl ot per machi ne,
1T "Energy usageo for all machi nes.
I n addition, we also show for GROMACS and NA
T ANormali zed energy usage per ns/ dayo.
Al | the data shown in the graphs and tabl es
the different PlahdrntrmepobdEbsEQOBREGdhERBet Lab
Excel file combining all data can be found t

nzeNaDDOAaYpPDaEObPcYZ&UDz

The table bel @fwercdomctepsobs scr i pt exampl es us.
executions with powerFemesgme mmashreesenbsly
Slurm scripts are available. For others, the
to external systems (MareNostrumb, EAR; Leon
Kar ol ina, MERI C) .
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Machine

ApplicPartitiodob

(l'ibrary

scxampl e

Mar eNosttGROMAC|CPWK86 EAFMNSGROMAGESPX86 exampl e
GPU EAR) |MNSGROMAGEPU exampl e
CP2K CPLX86 EAFMNSCP2BRPLK86 exampl e
GPU EAR) |MNSCP2&PU exampl e
NAMD CPU(S@EAFMNSNAMEO:PI:KBG exampl e
GPU EAR) MNENAMEBEPU exampl e
DECAULI GROMAC|CPW¥ 86 DECAULIGBMMACCPLXKE86 exa
CPLARM DECAULIGBMMACCPLARM exa
GPU DECAULIGBROMAGEPU exampl
CP2K CPLKS8E6 DECAULICOM-EPLX86 exampl
CPLARM DECAULICOR-EPWARM exampl
GP U DECAULICEGNR-&PU exampl e
NAMD CPLK8 6 DECAULINGONIPLKE86 examp
CPLARM N/A
GP U DECAULINGNIBBPU exampl e
MELUXI NAGROMAC|CPWLS86 MEL UXINRROMAGSP K86 e xan
GP U MELUXINRAOMAGCEPU exampl
CP2K GPLLX 86 MEL UXIONPR-EBPLX86 exampl
GP U MEL UXIOPR-&PU exampl e
NAMD CPWLXS86O6 MELUXINWWMITPLX86 exampl
GP U MELUXINWWAMBSPU exampl e
VEGA GROMAC|CPU VEGSROMAGCP X886 exampl
GP U VEGSROMAGEESPU exampl e
CP2K CPU VEGREP2-EPLX86 exampl e
GPU VEGKEP2-&PU exampl e
NAMD CPU VEGANAMEPEK86 exampl e
GPU VEGAAMIGPU exampl e
DI SCOERFGROMAC|CPU DI SCOVEROMA G K86 e x an
CP2K CPU DI SCOVERR-EPLX86 exampl
NAMD CPU DI SCOVEARMITPLX86 exampl
the European Union E, L


https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/MareNostrum5/GPP/GROMACS/gromacs_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/MareNostrum5/ACC/GROMACS/gromacs_job.sh?ref_type=heads
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/MareNostrum5/GPP/CP2K/cp2k_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/MareNostrum5/ACC/CP2K/cp2k_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/MareNostrum5/GPP/NAMD/namd_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/MareNostrum5/ACC/NAMD/namd_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Deucalion/X86/GROMACS/gromacs.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Deucalion/ARM/GROMACS/gromacs.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Deucalion/GPU/GROMACS/gromacs.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Deucalion/X86/CP2K/cp2k.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Deucalion/ARM/CP2K/cp2k_jube_run
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Deucalion/GPU/CP2K/cp2k.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Deucalion/GPU/NAMD_memopt/namd.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Deucalion/GPU/NAMD_memopt/namd.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/MeluXina/CPU/GROMACS/gromacs_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/MeluXina/GPU/GROMACS/gromacs_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/MeluXina/CPU/CP2K/cp2k_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/MeluXina/GPU/CP2K/cp2k_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/MeluXina/GPU/NAMD/namd_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/MeluXina/GPU/NAMD/namd_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Vega/GPP/GROMACS/gromacs_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Vega/ACC/GROMACS/gromacs_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Vega/GPP/CP2K/cp2k_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Vega/ACC/CP2K/cp2k_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Vega/GPP/NAMD/namd_job_adjusted.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Vega/ACC/NAMD/namd_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Discoverer/GPP/GROMACS/gromacs_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Discoverer/GPP/CP2K/cp2k_job.batch
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Discoverer/GPP/NAMD/namd_job.sbatch

ERPICURE

Machine Applic PartitiorJob script exampl e

(l'ibrary)
CIl NECA GROMAC|CPU (CIlI NFCINEGROMAGSPX86 examp

GPU (ClI NECINEGROMAGSPU exampl e

GPU CI NEGROMAGESPU exampl e
( COUNTDOY
CP2K CPU (ClI NECINECR2KEPX86 exampl e

GPU (ClI NFCINECR2-&PU exampl e

GPU CI NECR2-&PU exampl e
( COUNTDO\
NAMD CPU CI NEGAMEKEPILX86 exampl e

( COUNTDOV
GPU (ClI NECINEGAMIBPU exampl e

KAROLI NAGROMAC|CPU KAROL IGNRAOMAGCSP X8 6 e x a nj
CPU ( MERIKAROLIGRIOMAGP K86 exanm

GPU KAROL IGROMAGCEPU exampl

GPU ( MERIKAROLIGROMAGEU exampl

CP2K CPU KAROL ICNPR-EPLX86 exampl ¢

CPU ( MERIKAROLICNWR-EPX86 exampl g

GP U KAROL ICNPR-&PU exampl e

GPU ( MERIKAROLICWPR-EPU exampl e

NAMD CPU KAROL INNMMIEPLX86 exampl

CPU ( MERIKAROLINNWAMVITPLXB86 exampl

GPU KAROL INNMMIBEPU exampl e

GPU ( MERIKAROL INNNAVIGPU exampl e

L UMI GROMAC|CPU LUMEROMAGSPIX86 exampl ¢
GP U LUMBROMAGEPU exampl e
CP2K CPU LUMCP2-BPEX86 exampl e
GP U LUMCP2-&PU exampl e
NAMD CPU LUMNAMEEPILX86 exampl e
GP U LUMNAMEBSPU exampl e
JEDI GROMAC|GPU JEBGROMAGESPU exampl e

Co-funded by 4 4 %D uroHPC
the European Union ‘ ‘tl** &332 Jaint Unden


https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Leonardo/DCGP/GROMACS/cinemon/logfiles/000000/000000_submit_N1np112/work/submit.job
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Leonardo/BOOSTER/GROMACS/cinemon/logfiles/000000/000000_submit_N1np4/work/submit.job
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Leonardo/BOOSTER/GROMACS/countdown/logfiles/000001/000000_submit_N1np4/work/submit.job
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Leonardo/DCGP/CP2K/cinemon/logfiles/000000/000000_submit_N1np56/work/submit.job
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Leonardo/BOOSTER/CP2K/cinemon/logfiles/000000/000000_submit_N1np4/work/submit.job
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Leonardo/BOOSTER/CP2K/countdown/logfiles/000000/000000_submit_N1np4/work/submit.job
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Leonardo/DCGP/NAMD/cinemon/logfiles/000000/000000_submit_N1np14/work/submit.job
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Leonardo/BOOSTER/NAMD/cinemon/logfiles/000000/000000_submit_N1np4/work/submit.job
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Karolina/GPP/GROMACS/gromacs_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Karolina/GPP/GROMACS/gromacs_job_meric.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Karolina/ACC/GROMACS/gromacs_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Karolina/ACC/GROMACS/gromacs_job_meric.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Karolina/GPP/CP2K/cp2k_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Karolina/GPP/CP2K/cp2k_job_meric.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Karolina/ACC/CP2K/cp2k_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Karolina/ACC/CP2K/cp2k_job_meric.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Karolina/GPP/NAMD/namd_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Karolina/GPP/NAMD/namd_job_meric.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Karolina/ACC/NAMD/namd_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/Karolina/ACC/NAMD/namd_job_meric.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/LUMI/LUMI-C/GROMACS/gromacs_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/LUMI/LUMI-C/GROMACS/gromacs_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/LUMI/LUMI-C/CP2K/cp2k_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/LUMI/LUMI-G/CP2K/cp2k_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/LUMI/LUMI-C/NAMD/namd_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/LUMI/LUMI-G/NAMD/namd_job.sh
https://opencode.it4i.eu/epicure/shortbench/-/raw/main/Platforms/JEDI/ACC/GROMACS/gromacs_job.sh
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The performance for GROMACS and NAMD is rep
[ ns/ day]. This reported per homiefncreamo yeso maan
in simulation time can be executed with an
resources.
For CP2K, the perfor manchky itshenopgr brgespabeeatde d
effic+)escywywseadl cul ated with the following for
€ to.
IERT

wi teh,¢ t he amount nodes ithhtbal bakog bti mea, vaaaldld
time for the calculation to complete.
Depending on tthkee beocmmanlar ke dGREO@VMAOGCSE maNARD) o
efficiencaynd(l CPRKYJumeakrgrye sowmul taneously i
perfor-emnaecgy. gBapih quantities are plotted su
point, at dfheorme sfedlipmendem t his baseline qu
I ne is drawn. Taxee sg,r agorh thhaes IteMot yand t he ri
the normalizedr peffanthanog al energy consump
respectively.

e normalized performance is obtained by di

nodes used for that calculation. The resu

an indication for the computation time i f
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OS> O0OS OSSO SDKDOC oSSOYO0OS Wo-oScopm-oSw S o~

s —a-—
c o s

baseline sket eBRORATGS NAdPree f or manmgeve
ts ofwhincsh/ dianydi cat es howsimanuy anamans ¢ ¢ aned
ut ed in one day Tdfi sHR@I oal dwsl ag¢x pmesse
dava/dn o[des]/ day/ node] for GROMACSE xaannip | NeAMD
performancres/idayl2on two node®,/ i.25 Fs 6sh
ay/ node.

energy on the graph is the total ener gy
s, expressed in [kJ]. This quantity doe
ulation is performed on the different sy
guree |l ess computation time but more sim
the overall energy consumption is in ge
her mor e, t he ONet Efdgfiriemyine ntchye Lfoisgsudr eiss
esponds to a product of the net perfor
|l ting quantity gives an indication to t}
ges in performance when the coede. i A Iriume
goes up from the baseline indicates a h
the |ine drops below the baseline, the
unt rnrmhengperlfoss of running on multiple n
enerab, expdet ed fickatency or performance
on mul tainptdl hee neondeersgy @@ommus mnmdgt ieofnfwiclilency
ease. Thevvfarltaoea st lwe Ibasel i net.hd ntl ineees | de
d stay as close to the dotted I ine as po
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GROMACS
| Fi gb0LanBi gbRe the result for the GROMACS t e:
The results f or DeWMlal iKanreahnida absiisncioledera,t i wietl hy
good scaling around ~75% on 16 nodes and a
times the baseline. The net efficiency | oss
which means that the energy increase origir
mul tiple nodes.
For Vega, the baseline power consumption i s
to the baseline. Comparing wi tghtvtelse trhaec hsiumsesg
that the baseline values have a | ower perfo
better on multiple nodes.
On Leonar do, 3amrd NMeslttuleBrn@mower i ncrease i s m
On Leonardo, this is accompanied with a | ow
power thus probably originates from the | es:
nodes. This is visibdetheat tshteaysetcledsd ctice ntchy
Mar e Noststhioms5 a better wheerrfeortnmmaenciencr ease i n
from the higher amumbneort otfh.en @etdfefsi ciiseneiysi bl e
efficiency |l oss that goes up from the basel.]
GROMACS/CPU - LUMI GROMACS/CPU - MeluXina
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GROMACS/CPU - MN5

GROMACS/CPU - Leonardo
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Fi gbRe Graphs for GR@OMAESo SRULmonar do, Deuceal.i on and DiscovV
CP2K
The power consumption in [kJ] and efficiency
machi nes IiFd ggpiBeadi g b-d.e
For Leonardo, there is a |l arge increase in |
l' i kely originates from the relativd hlreadchedcal
efficiency |l oss stays al most constant across
The other machines give a gradual 1increase |
the baseline power, with the efficiency drop
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CP2K/CPU - Vega
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NAMD/CPU - Normalized Energy Usage
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for 16 nodes. This means that the faster run
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