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MareNostrum 5
Total peak performance315.2Pflops

MareNostrum 4 MareNostrum 5
2017¢ 11.1 Pflops 2022
2"d Europe / 18 260 + 46.4 Pflops

MareNostrum 1 MareNostrum 2 MareNostrum 3
2004¢ 42.3 Tflops 2006¢ 94.2 Tflops 2012¢ 1.1 Pflops
15t Europe / 4 World 1st Europe / 8' World 12" Europe / 36
New technologies New technologies World

World 8h and 19 World

New technologies 39 and 7 Europe
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MareNostrumb
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https://www.bsc.es/news/bsc-news/european-supercomputer-marenostrum-5-starts-bsc
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Applications ber

chmarks for acceptance

Time (Seconds) Energy (Wh)
#nodes RFP Achieved RFP Achieved
GROMACS 10 612,8 506,4 17,4% 1732 1197,69 30,8%
ALYA 32 174 137,862 20,8% 1690 1024,23 39,4%
Best time QE 26 362 309,028 14,6% 2856 1914,27 33,0%
CP2K 4 117 105,445 9,9% 138 77,1431 44,1%
NEMO 8 328 307,081 6,4% 709 607,188 14,3%
GPP WRF 4 396 350,442 11,5% 405 345,111 14,7%
GROMACS 3| 16427 1495,9 8,9% 1393 1121,34 19,5%
ALYA 8 573 563,058 1,7% 1391 1120,36 19,5%
QE 13 693 572,324 17,4% 2734 1833,02 33,0%
Best energy
CP2K 1 318 307,957 3,2% 94 72,6072 22,6%
NEMO 2 1252 1251,12 0,1% 676 637,865 5,7%
WRF 1 1387 1186,98 14,4% 354 304,766 14,0%
GROMACS 7 240,4 228,1 5,1% 1130 568 49,7%
BSC-IA/DL-BENCH 58 765,9 645,5 15,7% 66048 21659 67,2%
Best time QE 46 70,2 50,2 28,5% 3105 767 75,3%
CP2K 32 197,4 202 -2,3% 6984 2689 61,5%
ACC NAMD 128 256,9 201,4 21,6% 36360 8558 76,5%
GROMACS 1 889,8 742,8 16,5% 984 417 57,6%
BSC-IA/DL-BENCH 16| 2937,3 2481,8 15,5% 51959 17634 66,1%
Best energy QE 7 221,3 185,6 16,1% 1713 518 69,8%
CP2K 8 658,4 625 5,1% 5824 2245 61,5%
NAMD 26| 1025,3 759,6 25,9% 29474 6966 76,4%
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. MareNostrum & Sto rage MNS5 Technology providers:

Eviden Lenovo, IBM, Nvidia, Intel

g\

l ' i o ?'
50 x 4x 102 x 18 TBAIL {  Off el St =
248 / 376 PB Net/Brut Capacity ESSlies TRy -
1.6 TB/s read and 1.2 TB/s writc/SSSEaits DT

L R

13 x 24 x 15.36 TB e i e, |
2.8 / 4.8 PB Net/Brut Capacity ‘< s
600 GB/s read or write T i

Power consumption: 46850 kW o .
oy 2 Tape libraries HSM/backup TS4500

20000 x JE cartridges Enterprise GEng#
400 PB
20 TB/tape uncompressed /
64 x TS1160 fibre channel tape drives#s
400 MB/s per drive

Power consumption: <10 kW
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: Local High-Perf.
Cooling Total rgirk Processor/Accelerator Memory HPL)| Drive Network
>2GB/core M
6192 )
2x Intel Sapphire F 56c@ 2GHs 256GB DDRS 40.10 1
216 8480+ >8GB/core ' t :
DLC 72 1024GB DDRp 960GB| 1x NDR200 i
+RDHX (6x6x2 > 0.5GB NVMe |Shared by 2 nod{ i
2x IntelSapphireR.] 56c @ HBM/core
12 9480 19GHz | 128GBHBM| %34 I
+ 32GB DDR} B
| i
b
November 2023 : 7
HPL: #19 , #1 x86 HPL: 40.10PFlops -
HPCG: #24 HPCG: 484.36TFlops -
Green500: #81 Green500: 6.93flopgwatt

5.7 MW under HPL
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Cooling per Processor/Accelerator

2x Intel Sapphire R

8460Y+ 40c @ 2GHz

4x Nvidia Hopper
64GB HBM

November 2023 HPL: 175.30 Pflops
HPL: #8 HPCG: 1.146PFlops
Green500: #5 Green500:  42.1&flopgwatt
2.5 MW under HPL Graph500: 15.73e+12 GTEPS (BFS

4.1 MW under HPL (175 PF/s)

Nvidia Hopper BF16: 120 TFLORssorcorel PFLOPs
MNS5 Total performance BF16: 536 PFLOBssorcore4.48 EFLOPs
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DAC/ACC

Core group 1 Core group 5

0006000 0006000
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1 rodes
3o(igmlsllj?en?aiks GP Island 2 GP Island 3 B
5 160 corﬁpule e 30 compute racks 30 compute racks 10 partition and AC Island 1 ACC Island 7
' 2,160 compute nodes 2,160 compute nodes management island 5 compute racks 5 compute racks
160 compute nodes 160 compute nodes
GPP ACC
A Island: Full Fat Tree A Island: Full Fat Tree

X = s o
,,,,,,, \ o ETETERR . A Partition: A Partition:
W W‘Wﬂ f > A 4 > (1NN S\ \ A contention 3:2 contention 2:1



April 291, 2024- Preproduction started

A All awarded users were invited to the ppeoduction stage, lasting for one month.

A Normal operation, after acceptance, will continue without disruption to users

A Some figures
A Access for about80 projectsfrom EuroHPC, Spain, Tiirkiye and Portugal
A More than1600 usersvith access
A More than530 ticketsreceived in a week (75% solved and 25% ongoing)

A A large fraction (>25%) requesting performance optimization, parallel software compilation and porting, enabling of
specific codes to MNBACC and GP

ACC Slurm Core Usage GPP Slurm Core Usage
200K o aeostrum Power ACC i
1.50 Mil
AR Py o T Y i
150K | | \ \‘J | ’ W w""“_ o N i ,f”\"‘v‘*«k"'v'*ﬁ,"yq'vFﬂ v V‘N f 1’*{‘#,{” U™y, 125
| gy A\ UME | N Py SO 4 . |
’ . k ‘f | ™ | W ‘ S Uwr‘\_‘ " ,/'“ B e v P~ W“‘T" Y 2P . =y 1 Mil ‘
100K J il YL ‘ [ ‘ - 750 K " L I
I | I | osm i
) Y I Il ‘ onPoweR ik M i) A A
! (M [ ' 500 K N AT O VA A R T o A |
50K L (LS AV ‘ B A V IR TRARIVES f\
! Jid MareNostrum Power GPP 250K Y
0 0
04/29 05/04 05/09 05/14 05/19 05/24 05/29 06/03 06/08 06/13 06/18 06/23 04/29 05/05 05M 0517 05/23 05/29 06/04 06/10 06/16 06/22
== cpu_allocated cpu_idle == cpu_other == cpu_total == cpu_allocated cpu_idie == cpu_other == cpu_total
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LLMs at BS{Canguage Technologies Unit)

OBJECTIVE:

Publish a family of multilingual LLMs models trained with 7 Trillion tokens in 35 languages

1. Firststage: 7B, 22B & 40B params models (70B?).

2. Second stage: MOE and Mamba variants

ROADMAP:

1. Debugging phase of frameworks and corresponding bug fixing. OK

2. Ensure correct operation of critical functions such as: checkpoint copying; stopping and resuming of
training; de-scaling of models (e.g. downscaling from 128 to 64 nodes, and still training correctly); log
copying, ..... OK

3. Performance testing, looking for the best hyper parameter settings to get the best performance. OK

+65% performance in one week testing due to optimization.

4, Scalability tests, to check that the performance obtained in (3) is not lost by increasing nodes and/or
model size. In progress

7B model OK, to be launched in 128 nodes, estimated time to read 7T tokens = 1 month

Positive results training a 40B model with 512 nodes. Currently, launching further tests to
improve performance.
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Towards truly multilingual EU LLMs

GPT-3 - 90 languages

@ English ]
@ French
German

@ Spanish
@ talian
2022. LifeArchitect.ai/models

Scalability from 1 to 128 nodes

@ Lical @ Nemo  © GPT-NeoX




First test of SOD2D iIn MN5 ACC

A SOD2D: Spectral highrdercoDe2 solve partiaDifferential equations 015
https://gitlab.combsc_sod2d/sod2d_qgitlab wl
A Based on Spectral Finite Elements Method . .
A Simulations of turbulent compressible and incompressible flows over complex geometries Wl
A Fully accelerated usir@penACC = | ;E%E :
A Used in aeronautical and wind energy applications £ o1f 1g,§§§ —
A Developed at BSCASE as an Op&ource in different EuroHPC projedi&ktSim CEEC, EcoE3 dfxtellerar)
A 1 NVIDIA H100 behaves like 560 Intel Sapphire Rapid cores T
A Biggest test carried out: 768 GPUs, with 2Billion node mesh, at 83% of parallel efficiency doing 0.02s per time step. ‘ ;
A Full Aircraft in 12h using 100 H100 GPUs in the previous MN4 we needed the 70% of the machine and severalo'odzayé. | 10 E o w2

Ngpu

Comp.(Exp) - N171 (321M DoF)

MN5(H100) —e—
Leonardo(A100)
Karolina(A100)
05

02 -

time [s]

01 -

0.05 -

Barcelona
Supercomputing
Center

Centro Nacional de Supercomputacion . . . . . 0.02
wmLESimulation of a new concept Aircraft from Airbus, using 32 H100 and 200M DoF. 4 8 18 32 64 128

Simulations carried out in the CDTI PTA 2023 (CETACEO) under the collaboration agreement between BSC and Airbus Ngpu



https://gitlab.com/bsc_sod2d/sod2d_gitlab

Alyareacting flow calculations In GPR?INS

A Simulations with thenultiphysicscodeAlya wal B i pec 13 o
L»\f\‘\\ -@- ifx 2024 10%8 - x- Marenostrum 5
https://alya.gitlab.bsc.es/alya W & fort 2023 Ml
A Based on the Finite Elements Method g T Rk
S \\\\ 108 |
A Hybrid parallelization based on MPI/OpenMP and accelerators bas€penACE .| b,
\j\‘\\ 0
A Applications for clean propulsion and power generation. .| strong scaling ‘.‘ 102+ | Strong scaling
: : : : 350Mcell i 350Mcell
A Code developed in multiple EU projects from Horizon Europe, EuroHPC and Clehk 38 %O!\,Cfg > = 3 & &fe Sw &
(CoECESTiMatEEXCELLERKAYInHeat or TWINGHY) K K i ® Ll L

Processes

Processes

We can run simulations of aeronautical hydrogen injector in less than 24h
using 100 nodes from GPP MNK&quiring more than 2 days MN4, while we can
predict pollutant formation from aircraftemissions in less than 48h computing
the pollutants in theACQoartition that required almost a week in MN4.

High-pressure spray
flames of renewable fuels
usingAlya, 100M cells
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LES of a hydrogen injector for aircraft
propulsion usingAlya, 350M cells
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https://alya.gitlab.bsc.es/alya

Computational Biology Group, Using Deep Learning Methods to Understand Protein Biophysics

Project Annotation of protein unknown functional sites with a combination of state-of-the-art Deep Learning, Large Language Models and Biophysical Methods

GPP /ACC
Software ACC
Algorithms for Protein Sequence Design Algorithms for Protein Structure Prediction Local Energetic Frustration
ProteinMPNN, ProstT5, ProtGPT2, ProGen2, ZymCTRL AlphaFold, ESMFold FrustratometeR, FrustraEvo

Miriam Poley Gil

PhD Student
PROTEIN SEQUENCE DESIGN

Inverse folding

¢ cnann'y chain ProteinMPNN FRUSTRATION ANALYSIS
& "<‘ \“\ ' Backbone Sequence
e W Encoder Decoder g ey

- 9 MEIAALEKEYNANLGIVAVDL
>4blm_T=08_sample=2

MRILVNLENLYKEAKGSLGY
ProstTs > 4blm_1=08 sampie=3
VMMSVWEQAKHVERQLGGN

_D OUTPUT
4’%;
\QE ) @ -

%) P = =
2 g g F———
] ) o pce :
b £ 2 Output: Protein sequences " 'EEUL AS'"%'? DfOte';‘DB
. Input: Protein backbone = = A (fasta file) . ackbone coordinates (PDB) Single residue index
%, coordinates (PDB) 3 Energetic -
local Configurational index
frustration i) -
Mutational index Frustration mapping

Sequence generation

Single residue mode

tra S b 0
Tl ik

SeqIC and FrustIC logos

MEIAALEKEYNANLGIYVAVDL
MRILVNLENLYKEAKGSLGY
VMMSWEQAKHVERQLGGN
SIDDALSALEKKSGGKLOVK
LHSELASLEQKYDAEIATYVK

>seq2
MRILVNLVOKKKEAKGSLGY
>seqd

GPLAVOAREAALGGRLGIWV
SDDTLAKVLAAEEYLRAPVG

VMMSWEQAKHVDKLGGN

-
T
£
=]
wv
=
o
=

Fine-tuned
Transformer

Input: Natural protein Output: Protein sequences :
sequences (unlabelled Unsupervised learning (fastafile)

Structural alignment. Fully synthetic U-globin assemblies resemble native ones learning datasets) Input: Several potein
’ a backbones coordinates (PDBS)

Contacts mode
. > PROTEIN STRUCTURE PREDICTION Information content 7/ /
+5 000 sequences generated in 2h M Ve e
Frustation Hobserved = — Z Pilog> P; v g v
) ) and =1 /./,,'ﬁ s, // .'ﬁ Y
+ 10 000 structures predicted in 48h (batches) = AlphaFold Sequence =20 seqence and =3 nustaton 4 ¢ 7 :
i e, CNN architecture CorEeeon _ Frequencies and contacts frustration
;- gg:zl resources depend on the nature of the ;@mwmw ( o ) — e oo R
>S¢ 0
su mm utin 'VMMSWEQAKHWDKLGGN
Ce‘t’):er Ee ( umarcnitecture )
Centro Nacional de Supercomputacion Input: Protein sequences Output: Protein backbone

(fastafile) coordinates (PDB)




Current CPU Temp
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Day to day Opera“on 56|36 [50 36 |61 36 |57
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MareNostrumbc specific features

(W Ideal for highly scalable applications, being an exceptionally large Gene
Purpose Processor (GPP) machine with over 6400 nodes and 717,000 core

W Wellsuited for Large Language Models and Artificial Intelligence, thank
to its over 4400 NVIDIA H100 GPUs (each with 64GB HBM2e memory).

(W Excellent for heterogeneous executions, with three partitions (GPP, HBI
and ACC) utilizing the same batch system, allowing mixed jobs.

W Perfect for largescale data applications, equipped with the IBM Spectrur
Scale file system supporting up to 240 petabytes with 1.2 TB/s write and
1.6TB/s read bandwidth and 400 PB on tapes.

Barcelon
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MareNostrum5 Numbers

TicketCount

EuroHP( Total
1200
Number of Projects | 118 575 1000
Numer of Users 319 1860 800
Number of jobs o0
) 400
R o Il |“|I‘ |||H |‘ ““I“ I ||‘ II‘\ I‘ |
I I I TicketCount
8335233532336 235d533358 S
OOOOHHHHNNNNMMO’)M####
SSSE8SS8S88C88888888EE
MN5 Usage per week 60 days
120000
100000 Installed apps
80000
60000 .
40000 GPPpartition 275
20000
0 ACC partition 113
Ng P N WY %
N N N N & N N N N
o o O o o o O o o
DY DY D > DY DY D > DY
TOTAL 388
m GPP nhours used m ACC nhours used
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UserPortal

o Please, have a look at these very useful features:
CPU and Disk accounting with usage alarms: https://userportal.bsc.es/accounting
Job status alarms: https:/www.bsc.es/user-support/hpc_portal. php#jobnotifications

- bsc099349 MareNostrum 5 pdated on 17/10/202409:52:03 (N (¥ ‘ Q

D Name Status User Machine QOs Submit time Start Wallclock Nodes Tasks C(I:)U Mcsmory

9858717 run_script Completed bsc099349 MareMostrum 5 acc_bench ?2125220024 ?2'25?5024 02-23:59 1 20 N/A N/A ‘ PREVIEW ‘ ‘ VIEW ‘
9858524 run_script Completed bsc099349 MareMostrum 5 acc_bench ?2220126024 ?2341204;29024 02-23:59 1 20 N/A N/A ‘ PREVIEW ‘ ‘ VIEW ‘
9818239 interactiv... Completed bsc099349 MareMostrum 5 gp_bench 322352024 222525024 Unlimited 1 1 N/A N/A ‘ PREVIEW ‘ ‘ VIEW ‘
9818230 interactiv... Completed bsc099349 MareMostrum 5 gp_bench g:f;?fomﬁr gg‘g?ﬁf 2 Unlimited 1 1 N/A N/A ‘ PREVIEW ‘ ‘ VIEW ‘
9789079 interactiv... Completed bsc099349 MareMostrum 5 gp_bench ?123327024 ?f;;g? 2 Unlimited 1 1 N/A N/A ‘ PREVIEW ‘ ‘ VIEW ‘
9788839 interactiv... Completed bsc099349 MareMostrum 5 gp_bench ?Zg 2221024 ?zjg;ﬁo 2 Unlimited 1 1 N/A N/A ‘ PREVIEW ‘ ‘ VIEW ‘
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UserPortalnode compute usage and power consumpti
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