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MareNostrum 5
Total peak performance: 315.2Pflops

General Purpose Partition: 46.4 Pflops (29-04-2024)

Accelerated Partition: 260 Pflops (29-04-2024)

Next Generation GPP: 2.82 Pflops (WiP)

Next Generation ACC: 6 Pflops (TBA)

MareNostrum 1

 2004 ς 42.3 Tflops

1st Europe / 4th World

New technologies 

MareNostrum 2

2006 ς 94.2 Tflops

1st Europe / 5th World

New technologies

MareNostrum 4

2017 ς 11.1 Pflops

2nd Europe / 13th 

World

New technologies

MareNostrum 3

 2012 ς 1.1 Pflops

12th Europe / 36th 

World

MareNostrum 5

2022  

260 + 46.4 Pflops

8th and 19th World

3rd and 7th Europe



MareNostrum5
Interfaz de usuario gráfica

Descripción generada automáticamente con confianza baja

https://www.bsc.es/news/bsc-news/european-supercomputer-marenostrum-5-starts-bsc


Applications benchmarks for acceptance



MareNostrum 5 ςStorage
Spectrum Scale

HDD: 50 x 4 x 102 x 18 TB NL-{!{ оΣрέ
248 / 376 PB Net/Brut Capacity
1.6 TB/s read and 1.2 TB/s write

Flash: 13 x 24 x 15.36 TB
2.8 / 4.8 PB Net/Brut Capacity
600 GB/s read or write

Power consumption: 400-550 kW
2 Tape libraries HSM/backup TS4500
20000 x JE cartridges Enterprise GEn6
400 PB
20 TB/tape uncompressed
64 x TS1160 fibre channel tape drives
400 MB/s per drive

Power consumption: <10 kW

MN5 Technology providers:
Eviden, Lenovo, IBM, Nvidia, Intel



MareNostrum5
GPP

RacksCooling

Nodes

Processor/Accelerator Memory
PFlops 
(HPL) 

Local 
Drive

High-Perf. 
NetworkTotal

per
rack

89

DLC 
+RDHX

6192

72 
(6x6x2)

2x Intel Sapphire R. 
8480+

56c@ 2GHz

>2GB/core
256GB DDR5

40.10

960GB 
NVMe

1x NDR200 
Shared by 2 nodes

216
>8GB/core

1024GB DDR5

1 72
2x Intel SapphireR. 

9480
56c @ 
1.9GHz

> 0.5GB 
HBM/core

128GB HBM 
+ 32GB DDR5

0.34

November 2023
HPL: #19 , #1 x86
HPCG: #24 
Green500:  #81
5.7 MW under HPL

HPL: 40.10 PFlops
HPCG: 484.36 TFlops
Green500:        6.97 Gflops/watt



MareNostrum5
ACC

November 2023
HPL: #8
Green500:  #5
2.5 MW under HPL

RacksCooling

Nodes

Processor/Accelerator Memory
PFlops 
(HPL) 

Local 
Drive

High-Perf. 
NetworkTotal

per
rack

35 DLC 1120 32

2x Intel Sapphire R. 
8460Y+

40c@ 2GHz

512GB 175.3
480GB 
NVMe

4x 
NDR2004x Nvidia Hopper 

64GB HBM

HPL: 175.30   Pflops
HPCG: 1.146 PFlops
Green500:      42.15  Gflops/watt
Graph500:      15.73e+12 GTEPS (BFS)
4.1 MW under HPL (175 PF/s)

Nvidia Hopper BF16: 120 TFLOPs, Tensorcore: 1 PFLOPs 
MN5 Total performance BF16: 536 PFLOPs, Tensorcore: 4.48 EFLOPs



MareNostrum5
NG GP

RacksCooling

Nodes

Processor/Accelerator Memory
PFlops 
(HPL) 

Local 
Drive

High-Perf. 
NetworkTotal

per
rack

7 RDHX 408
6x60
1x48

2x NVidia Grace 72c@ 2GHz
240 GB 
LPDDR5

2
745GB 
NVMe

1x 
NDR200



MareNostrum 5 ςHigh Speed network
IB NDR200

IO part ition and 
management island 

Core group 1 Core group 5

1

1

18

1

18172

30

1

1

4

20

4

1

1 8

101

1 18172

30 1

1 18172

30

1 98

1

1 8

101

1 3

6

2

32 4 65 71 9832 4 65 7

GP Island 1
30 compute racks

2,160 compute nodes 

GP Island 2
30 compute racks

2,160 compute nodes 

GP Island 3
30 compute racks

2,160 compute nodes 

AC Island 1
5 compute racks

160 compute nodes 

ACC Island 7
5 compute racks

160 compute nodes 

4

20

4

4

4
32

40

2

20

2

2 2

AOC/Optic DAC/ACC

30 36

66
6

618

16  nodes
2 x NDR  / n ode

GPP
Å Island: Full Fat Tree
Å Partition: 

contention 3:2

ACC 
Å Island: Full Fat Tree
Å Partition: 

contention 2:1



April 29th, 2024 - Preproduction started

ÅAll awarded users were invited to the pre-production stage, lasting for one month.

ÅNormal operation, after acceptance, will continue without disruption to users

ÅSome figures
ÅAccess for about 180 projects from EuroHPC, Spain, Türkiye and Portugal

ÅMore than 1600 users with access

ÅMore than 530 tickets received in a week (75% solved and 25% ongoing)

ÅA large fraction (>25%) requesting performance optimization, parallel software compilation and porting, enabling of 
specific codes to MN5-ACC and GP



LLMs at BSC (Language Technologies Unit)

OBJECTIVE:

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

1. First stage: 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.

Scalability from 1 to 128 nodes



wmLESsimulation of a new concept Aircraft from Airbus, using 32 H100 and 200M DoF.
Simulations carried out in the CDTI PTA 2023 (CETACEO) under the collaboration agreement between BSC and Airbus

First test of SOD2D in MN5 ACC
Å SOD2D: Spectral high-Order coDe2 solve partialDifferential equations

https://gitlab.com/bsc_sod2d/sod2d_gitlab 

Å Based on Spectral Finite Elements Method

Å Simulations of turbulent compressible and incompressible flows over complex geometries

Å Fully accelerated using OpenACC

Å Used in aeronautical and wind energy applications

Å Developed at BSC-CASE as an Open-Source in different EuroHPC projects (NextSim, CEEC, EcoE3 and Excellerat2)

Å 1 NVIDIA H100 behaves like 560 Intel Sapphire Rapid cores

Å Biggest test carried out: 768 GPUs, with 2Billion node mesh, at 83% of parallel efficiency doing 0.02s per time step.

Å Full Aircraft in 12h using 100 H100 GPUs in the previous MN4 we needed the 70% of  the machine and several days. 

https://gitlab.com/bsc_sod2d/sod2d_gitlab


Alyareacting flow calculations in GPP-MN5

LES of a hydrogen injector for aircraft 
propulsion using Alya, 350M cells

We can run simulations of an aeronautical hydrogen injector in less than 24h 
using 100 nodes from GPP MN5 requiring more than 2 days in MN4, while we can 
predict pollutant formation from aircraft emissions in less than 48h computing 
the pollutants in the ACCpartition that required almost a week in MN4.

Strong scaling
350 Mcells

Strong scaling
350 Mcells

ÅSimulations with the multiphysicscode Alya

https://alya.gitlab.bsc.es/alya

ÅBased on the Finite Elements Method

ÅHybrid parallelization based on MPI/OpenMP and accelerators based on OpenACC.

ÅApplications for clean propulsion and power generation.

ÅCode developed in multiple EU projects from Horizon Europe, EuroHPC and Clean Sky 
(CoEC, ESTiMatE, EXCELLERAT, HyInHeat, or TWINGHY)

High-pressure spray 
flames of renewable fuels 
using Alya, 100M cells 

https://alya.gitlab.bsc.es/alya


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

Miriam Poley Gil

PhD Student

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

Software 

Algorithms for Protein Sequence Design Algorithms for Protein Structure Prediction Local Energetic Frustration

ProteinMPNN, ProstT5, ProtGPT2, ProGen2, ZymCTRL AlphaFold, ESMFold FrustratometeR, FrustraEvo

+ 10 000 structures predicted in 48h  (batches)

+ 5 000 sequences generated in 2h 

Total resources depend on the nature of the data

ACC GPP / ACC 

Structural alignment. Fully synthetic Ŭ-globin assemblies resemble native ones

Total resources depend on the nature of the 

data



Day to day operation



MareNostrum5 ςspecific features
ω Ideal for highly scalable applications, being an exceptionally large General-
Purpose Processor (GPP) machine with over 6400 nodes and 717,000 cores.

ω Well-suited for Large Language Models and Artificial Intelligence, thanks 
to its over 4400 NVIDIA H100 GPUs (each with 64GB HBM2e memory).

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

ω Perfect for large-scale data applications, equipped with the IBM Spectrum 
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.



MareNostrum5 Numbers

EuroHPC Total

Number of Projects 118 575

Numer of Users 319 1860

Number of jobs 
submited > 10 M
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TicketCount

Installedapps

GPPpartition 275

ACC partition 113

TOTAL 388



UserPortal



UserPortalnode compute usage and power consumption


