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MareNostrum 4

Total peak performance: 13.9 Pflops
General Purpose Cluster:  11.15 Pflops (1-07-2017)
CTE1-P9+Volta: 1.57 Pflops (1-03-2018)
CTE2-Arm V8: 0.65 Pflops (12-2019)
CTE3-AMD: 0.52 Pflops (12-2019)

MareNostrum 1 MareNostrum 2 i W MareNostrum 3 MareNostrum 4
2004 - 42.3 Tflops 2006 — 94.2 Tflops 2012 - 1.1 Pflops 2017 — 11.1 Pflops
1%t Europe / 4™ World ' 1t Europe / 5" World 12th Europe / 36t World T 2" Europe / 13" World

New technologies S| New technologies

New technologies




Spanish Supercomputing Network (RES), since 2006

RED ESPANOLA DE
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HPC and data management resources
for the scientific community

= 14 institutions
= 16 supercomputers
= 9 data management centres
= +22 PFlop/s combined capacity
=  +20 PB storage in 2022 (and growing)
= +800 million CPU hours/year 2022
=  +1.000 regular users
= +200 scientific papers annually

= 3 HPCcalls per year
= 1 Data call per year
= Applications Support Teams

=  Member of Spanish Unique Scientific and
Technical Infrastructure network (ICTS)

= Access Committee and Users Commitee

=  EuroHPC National Competence Centre
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Distributed supercomputing infrastructure

26 members, including 5 Hosting Members
(Switzerland, France, Germany, Italy and Spain)

~ 220 PFlops/s of peak performance on 7 world-class systems

> 30.000M core hours for research awarded

873 scientific projects enabled
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> 17.000 people trained - ’”‘”[ | 4 olio

> 65 companies supported /
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Data as of July 2021



EuroHPC: towards European HPC technologies

E - :
Jielal AG Al “A new legal and funding structure

Austr . : * — the EuroHPC Joint Undertaking —
ustria, Belgium, Bulgaria, ) i
Croatia, Cyprus, Czech Republic, shall acquire, build and deploy

Denmark, Estonia, Finland, across Europe a world-class High-

France, Germany, Greece, )
Hungary, Iceland, Ireland, Italy, Performance Computing (HPC)
infrastructure.

Latvia, Lithuania, Luxembourg,
Malta, the Netherlands, North
Macedonia, Norway, Poland,
Portugal, Romania, Serbia,
Slovakia, Slovenia, Spain, Sweden
and Turkey.

&

It will also support a research and
innovation programme to develop
the technologies and machines
(hardware) as well as the

1

i $= eov %‘iulc applications (software) that would
run on these supercomputers.”

** * **
* *
*x * * ) ! I

Barcelona EEE + ) **HES EuroHPC

@ ‘S::’,:.:;omputing EEE‘; : jj’gg Joint Undertaking
Centro Nacional de Supercomputacicn Il October 2022



MareNostrum 5. A European pre-exascale supercomputer

B 200 Petaflops peak performance (200 x 10%°)*

@ Experimental platform to create supercomputing - @ @ -
technologies “made in Europe” <

B 217 M€ of Total Cost Onwership Do \\ m /

@

/ Hosting Consortium: \

Spain  Portugal Turkey Croatia

-wr

Comemission

At the time of call for HE, peak performance expected of 200 Petaflops AT Generalitat de Catalunya UNIVERSITAT POLITECNICA
At the time of tender publications, minimum aggregated sustained HPL of 205 Petaflops Departament d'Empresa iﬁ; GOMEINO. | MINETEO OVACION DE CATALUNYA
. . . 41! i Coneixement Y UNIVERSIDADES BARCELONATECH
Contract signed on July 2022, with a aggregated sustained performance HPL of 204,64 and
peak performance of 314,22 PF
Barcelona
Supercomputing .t
Center The acquisition and operation of the EuroHPC supercomputer is funded jointly by the EuroHPC Joint Undertaking, through the European Union’s N . EuroHP
Centro Nacional de Supercomputacién Connecting Europe Facility and the Horizon 2020 research and innovation programme, as well as the Participating States Spain, Portugal, Croatia, L

and Turkey



MareNostrum5 concept 73

Hosting Consortium:

Spain Portugal Turkey
- <

- Careiakn
Internal Data BSC
Transfer Servers Backup &

General Purpose LTS
P oo mmeooees Compute partition ?U
1 Public Services
0 . .
! GP = Applications:
1 4= oy
l.w“' € e General purpose partition, open to all
Ao - E researchers with MPI, OpenMP codes,
&y l c standard HPC codes. Scalable machine to
1 A . . .oy
i Accelerated 2 High run codes with high scalability, thousands of
EuroHPC ¥ Compute partition i ALIELE nodes
User Cloud Servi < DT i . —
OUEISEIVICES S * Accelerated partition: Any GPU application
Data pre & post Processing Partition % ready to scale to thousands of GPUs
2 . L
Emerging Technology ET1 * Emerging technologies: prepare workloads
to exascale era, exascale technology
Emerging Technology ET2 assessment
*  Any domain with workflows mixing General
Purpose and GPU, e.g. Earth science, Life
N e science, Engineering, Al and Al driven
4o R executions.
EuroHPC
Sysadmin &
Jeer SRt https://etendering.ted.europa.eu/cft/cft-display.html?cftid=9758
Barcelona * * * ° y' *
Supercomputing **
Center The acquisition and operation of the EuroHPC supercomputer is funded jointly by the EuroHPC Joint Undertaking, through the European Union’s S EuroHPC
Centro Nacional de Supercomputacién Connecting Europe Facility and the Horizon 2020 research and innovation programme, as well as the Participating States Spain, Portugal, and Turkey LR



The acquisition and operation of the EuroHPC supercomputer is funded jointly by
the EuroHPC Joint Undertaking, through the European Unign’s Connecting gz";‘i’c‘;’:: o
Europe Facility and the Horizon 2020 research and innovation programme, as c;,’,,e, i

well as the Participating States Spain, Portugal, Croatia, and Turkey Pt alaelogeideStpecompuitacion




InfiniBand NDR 200
Fat Tree

Spectrum Scale File System
248 PB HDD
2,81 PB NVMe
402 PB tape

January 2023
March 2023

_l.:‘s!}‘} i

The acquisition and operation of the EuroHPC supercomputer is funded jointly by
the EuroHPC Joint Undertaking, through the European Unign’s Connecting gz":i’c‘;':: o
Europe Facility and the Horizon 2020 research and innovation programme, as cg',’,,e, i

well as the Participating States Spain, Portugal, Croatia, and Turkey PRI ogeitle’SUpsicomputacion
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ACC — Accelerated
GPP - General Purpose R MareNostrum5 | ccelerate

I hi i e a0 N . N Intel Sapphire Rapids
A napids = e TR I . ' NVIDIA Hopper

Peak performance: 45,4 Pflops ™ y InfiniBand NDR 200

. Peak performance: 260 Pflops
Sustained HPL: 35,4 Pflops

Fat Tree Sustained HPL: 163 Pflops

April 2023 Spectrum Scale File System June 2023

248 PB HDD
2,81 PB NVMe
402 PB tape

January 2023
March 2023

The acquisition and operation of the EuroHPC supercomputer is funded jointly by
the EuroHPC Joint Undertaking, through the European Unien’s Connecting gz":i’c‘;':: S
Europe Facility and the Horizon 2020 research and innovation programme, as Ce’,’,,e, i

well as the Participating States Spain, Portugal, Croatia, and Turkey PRI ogeitle’SUpsicomputacion




GPP - General Purpose

Intel Sapphire Rapids

Peak performance: 45,4 Pflops : InfiniBand NDR 200
Sustained HPL: 35,4* Pflops i Tiee

April 2023 i Spectrum Scale File System
| 248 PB HDD
2,81 PB NVMe
402 PB tape

P ke January 2023
NVIDIA Grace - March 2023

Peak performance: 2,82 Pflops LB 12
Sustained HPL: 2 Pflops 'y

June 2023

The acquisition and operation of the EuroHPC supercomputer is funded jointly by
the EuroHPC Joint Undertaking, through the European Unien’s Connecting gZ":z;':: S
Europe Facility and the Horizon 2020 research and innovation programme, as Ce',’,,e, o

well as the Participating States Spain, Portugal, Croatia, and Turkey Pt alaelogeideStpecompuitacion

ACC — Accelerated

Intel Sapphire Rapids
NVIDIA Hopper

Peak performance: 260 Pflops
Sustained HPL: 163 Pflops

June 2023

NGT ACC - Next Generation

Intel Emerald Rapids
Intel Rialto Bridge

Peak performance: 6 Pflops
Sustained HPL: 4,24 Pflops

December 2023
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Storage global numbers

1.6 TB/s read and 1.2 TB/s write
600 GB/s read or write
Rods 2
GLEE 20400 x 18TB NL-SAS 3.5”

Barcelona

Supercomputing
Center
Centro Nacional de Supercomputacién



Storage: Data Module

High Performance Network
Infiniband NDR
NDR200 NDR200 NDR200 NDR200

10 Canister 2

e 50 x Data Module: ESS 3500 Capacity B "} L
» 2x Data Servers: AMD Rome 48c and 512 GB RAM T e
* 4x JBOD enclousures with 102 disk, 18 TB each

bne/
interink

mgmt
| Storage Nanagement Network

SAS Connectors l Ethernet 1GbE

100GbE  100GbE 100GbE  100GbE

4
1BM ESS 3500 Capacity Optimized

men(bwre i
:!m
="m§su°° ISE
jentb“ﬂ‘ il
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Control Data Network

Fan Modules
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Storage: Metadata Module

e 13x Metadata Modules: ESS 3500 Performance
* 2x Metadata Servers: AMD Rome 48c and 512 GB RAM
* 24x NVMe all-flash drives, 15.36 TB each

High Performance Network |
Infiniband NDR — .

I/0 Canister Nodel . I/0 Canister Node 2

NDR200 NDR200 NDR200 NDR200 — I

PCled x16
i
]
9TX ¥310d

10 Canister 2

24 PCled x2 — R — 24 PCled x2

wu3
8l
¥OH

2x IBEDR/HDR
2 x 100GbE

C e —

S — -
- fooon] | @

I\ |
HIE
H
AMD EPYC
wu3
8l
YOH

Storage Nanagement Network
Ethernet 1GbE

(o]

100GbE  100GbE 100GbE  100GbE

39900T XT

Y¥OH/YAO3 81 XZ

Control Data Network —
Ethernet 100GbE — .

Midplane
Barcelona
Supercomputing
Center
Centro Nacional de Supercomputacion



Storage Services

EX Ol’t server ThinkSystem V.

* 4x Export servers 5 m—
* Provide Access through NFS, CIFS and Object 4

e Ax External Data Tra nsfer External Data transfer server ThinksystemSR630v2
* Provide Transfer data services from/to Internet 4

e 8x Internal Data Transfer Internal Data Transfer server ThinkSystemSRE30v2

* Provide Internal data transfer services between storages 8 _

* Used by dtcommands

8x Archive servers Spectrum Archive server ThinksystemSR630v2

* Implements HSM policies to migrate or recover data from tapes § —
Barcelona
(C Supercomputing
Center
Centro Nacional de Supercomputacion



Ethernet Network

System VLANSs N etwo rkS

Management

External
BSC LAN

Cluster management,
deployment,
monitoring
Node OS

Scheduling

service

Node’s XCCs/BMCs
Switch mgmt
PDUs

External access

Control Data
Network

High
performance
Network

Storage service admin-gpfs
Node’s XCCs/BMCs Shared storage
ESS BMCs between mgmt

PDUs hodes GPFS control traffic

Backup to the high-
speed network

Infiniband NDR compute
network

Barcelona

Centro Nacional de Supercomputacion



Ethernet network: Switches

NvidiaSN4600 NvidiaSN3700V NvidiaSN3700C NvidiaSN2410 NvidiaAS4610-54t
A

64 200GbE QSFP56 ports 32 200GbE QSFP56 ports 32 100GbE QSFP28 ports 8 100GbE QSFP28 ports 48 1GbE RJ45 ports
128 100/50/25/10/1GbE 64 100GbE ports 128 25/10/1GbE ports 48 25/10/1GbE SFP+ 4 10GbE SFP+ ports
425ns latency 128 25/10/1GbE ports 425ns latency ports 4us latency

300ns latency
8.4B pps 425ns latency 4.76B pPps 2 97B Line-Rate switching
Line-Rate switching 8.33B pps Line-Rate switching L: Rp:s L2/L3

Nne-Rate switchin
L2/L3 Line-Rate switching L2/L3 LI2 3 tenine Typical
Typical L2/L3 Typical
Typical
Typical

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion
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WORK IN PROGRESS

W//I117/4

Ethernet network overview

4 x SN3700C Super spines

4.8Tb/s 800Gb/s
12x SN3700C
IO Spines 8 x SN3700C GPP Spines
ETEEETERE  EEEESTEeT %6 L ————— L A L ————— 4 L —————
2 xSN2410 2 xSN2410 2 x SN2410
mgmt e
T N —
— x8 )
8 x AS4610
SN3700C SN3700C SN3700C mgmt SN3700C
; 8 mgmt ; 8 ; ) nodes —
== I = == ==
) ) ) o o |
(o [ (s | g | ) o o |
) ) ) o o |
= [ o g} | ) o |
[ [ g} [ o g} { =) |
= =) = = ) o |
D) [ o g} [ - =) O |
] ) ) [ =) O |
o o | x24 [ o | x24 (o x24 [ x19
IO Partition General Purpose Partition

Barcelona 90 CPU GPP compute racks + 1 NGT ACC racks

Supercomputing

Center

Centro Nacional de Supercomputacién 1GbE 25GbE

External connectivity switches

x2
4 x SN3700C
1.6Tb/s
2 x SN3700C ACC Spines
L ————— i ————— A
2 xSN2410
T L]
Emarsaom | ]
AS4610 AS4410
—
mgmt SN3700C mgmt
nodes —_— nodes
2 x SN2410 o 0
Admin-gpfs —
—
e [ E——
| SEm—
x5 x7

Accelerated Partition
35 GPU ACC compute racks

100GbE



72 nodes
100Gb/s / node

GP Island 1

30 compute racks
2,160 compute nodes
Barcelona
Supercomputing

Center
Centro Nacional de Supercomputacién

000000000

High performance network

Core group 1

GP Island 2 GP Island 3

30 compute racks
2,160 compute nodes 2,160 compute nodes

30 compute racks

GP
Island: Full Fat Tree
Partition: contention 3:2

AOC/Optic  DAC/ACC

Core group 5

00000000

16 nodes
2xNDR/ node
10 partition and AClsland 1 ACCsland 7
management island 5 compute racks 5 compute racks
160 compute nodes 160 compute nodes

ACC
* lIsland: Full Fat Tree
* Partition: contention 2:1



Compute partitions overview

Nodes
. . Local | High-Perf.
Racks| Cooling _— per Provider Processor/Accelerator Memory PFlops (HPL) Drive | Network
rack
>2GB/core
o 2x Intel Sapphire R 2oECHIDED
’ 2GH
83 e 8480+ >6¢ @ 2GHz >8GB/core 35.43
General DLC 72 1029CGBIDDRS 960GB ;‘a’:ngésg
enNovo
Purpose +RDHX (6x6x2) >0.5GB R R
c 2x Intel Sapphire R. HBM/core
= 1 72 1.7GH
g 03H-LC 6@ 176GHz) 1 ecamam | 034
+ 32GB DDR5
2x Int(;l4$6a0p:(plh|re R. 32¢ @ 2.3GHz
4 B
Accelerated | 35 | bic 1120 32 - 51268 163 | >205 | 18988 |4, NDR200
4x Nvidia Hopper
64GB HBM
General 7 AC 408 68 - 2x Nvidia Grace [72c @ 2.6GHz 240GB 2 128GB 1x NDR200
5 Purpose +RDHX LPDDR5 NVMe
o 2x Intel Emerald R. 48c 512GB DDR5
% I d| 2 PLC 24 24 424 960GB | oo
=z | Accelerate +RDHX S0 AN | 4x Intel Rialto Bridge : NVMe | ¥
128GB HBM2E

¢

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacién




General Purpose Compute Node

Dual Motherboard Tray

L L L T

\
Dual node Tray 1x NDR200
1x 25GbE ‘ ' 1x 25GbE Infiniband

6,192 GPP Compute node (256GB RAM 16x16 GB 4800MHz DDR5 )

216+ GPP Compute node (1TB RAM 16x64 GB 4800MHz DDR5)

72 GPP HBM Compute node (32GB RAM 2x16 GB + 128 GB HBM2)

SharedlO
e BN

Auxiliary Adapter CX-7 NDR200
dual-port QSFP112

Barcelona R =T - — i - .
Supercomputing T

Center " "

Centro Nacional de Supercomputacién 100Gb/s per n ode



x8 PCle Gen3

SPF28 P <>

~
N

Barcelona

Supercomputing

Center

Centro Naclonal de Supercomputacion

General Purpose Motherboard

UPI x4

x16 PCle GenS

X16 PCle GenS

.

"~ X4 PCle Gen3/ x2 SATA

TPM CONN

x1 PCle Gen2

x1USB2.0

MCIO x16 connector
(to GPU)

Riser1
MCIO 33 Pins
PCle x3

MCIO 124 Pins

2 xANVMe (PCle x13)SATA W
sideband

X16 PCle GenS

b
‘ x16 PCle GenS

MCIO x16 connector
(to GPU)

o~

=

MCIO x16 connector
Riser2 (to GPU)
MCIO 38 Pins
MCIO 124 Pins
2 x4NVMe (PCle x13)SATA w/
sideband
RJ4S CONNx1
e
-
SerDes
BB J
7 CNode ¢ t



General purpose chassis

* 12 Nodes per chassis

e 2 x 7200W liquid cooled Power supplies N
e 3x internally 2x 2400W PSU each

* Normal consumption 85% of HPL

Chassis Power consumption Type of nodes
HPL

O
>
(o)
c
Q
-

11.4 kW 256GB RAM 6U
12 kW 1TB RAM
10.4 kW HBM

Sarcelona ThinkSystemDW612 Chassis
Supercomputing

Center

Centro Nacional de Supercomputacion



General purpose rack

Mellanox
iNi7aai u40
- Heat to
Via Rear Door Heat Exchanger
I u28
- Heat to
Via Direct Water Cooling
Mellanox
QM9790
256GB rack - 69.6kW HPL
1TB rack - 72.8kW HPL
HBM rack - 63.5kW HPL .
U2

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion




ACC Compute Node

Logical Architecture Physical Architecture

Water 55 VDC 7 Administration connector Water

input l output

C3PB4

GPU NVLINK PCle GEN5
— —

Barcelona

Supercomputing

Center

Centro Naclonal de Supercomputacion



ACC Compute rack

Power distribution
units
Expansion
Administration Tank
Ethernet Switch .

Modules

Chassis for
Administration o
Ethernet Switches

Hydraulic ..o
Distribution

Midplane
SidebandJOctopus

Power Distribution Rack

SECONDARY : PRIMARY

Qv = 230 L/min

Temp sensor dP = 0,64 bar to 1,37 bar

Heat ‘

Exchanger
3 Customer  CUSTOMER
m interface
Barcelona . T
Supercomputing
Center :

2-way valve
Centro Nacional de Supercomputacion



Next Generation Compute

* General purpose * Accelerated
* 408 compute nodes * 24 compute nodes
* NVIDIA Grace processor * Emerald Rapids + Intel Rialto

e Air-cooled chassis

Fetiion

Veneto

* Some immersion cooling pods

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion



Other nodes

* 4x Logins per compute partition

* Same as a compute node of that partition

* 10x Nodes data Pre & Post processing

* 2x Intel Sapphire 8480+ 56¢ 2GHz
* 2 TB Main memory

* 2x 3.2 TB NVMe disk

* 1x NDR20O Interface

e 18x Virtualization Servers

@

e 2x Intel 6342 24c 2.8 GHz
e 512 GB RAM

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion

Login node

4

Data Pre-post processing server ThinkSystemSR650v3

10

Virtualization server ThinkSystemSR630v2

R



MareNostrum5 — Software stack
| Softwaretype | ________MN5

Operating system Red Hat Enterprise Linux

Intel OneAPI HPC Toolkit
Nvidia SDK (PGl)

Intel MKL
Nvidia SDK

Compiler Suite

Numerical libraries

BSC Performance tools
ARM DDT
Nvidia SDK
Intel OneAPI HPC Toolkit (vtune, ...)

Debugging/profiler tools

SLURM

Resource and workload manager L n
Only one Slurm cluster, with different partitions

Energy Efficiency and Power
Management

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion

EAR



AC

GPP - General Purpose — Accelerated

Intel Sapphire Rapids
Peak performance: 45,4 Pflops

Intel Sapphire Rapids
NVIDIA Hopper
Peak performance: 260 Pflops

65 Kw/rack (201 x 60 x 160)
DLC + Rear Door

InfiniBand NDR 200
4 |B racks + 4 Eth racks
22 Kw/rack + 11 Kw/rack
Rear Door

100 kw/rack (225 x 90 x 135)
DLC (3,86 kw to ambient)

April 2023

June 2023

&

Spectrum Scale File System
248 PB HDD + 2,81 PB NVMe
402 PB tape

NGT ACC - Next Generation

NGT GPP - Next Generation
Intel Emerald Rapids

Intel Rialto Bridge

25 x 22 Kw/rack, Rear door
26 x 1,4 Kw/rack, ambient

NVIDIA Grace

Peak performance: 6 Pflops
Sustained HPL: 4,24 Pflops

Peak performance: 2,82 Pflops
Sustained HPL: 2 Pflops

January 2023 / March 2023

December 2023

June 2023

The acquisition and operation of the EuroHPC supercomputer is funded jointly by
the EuroHPC Joint Undertaking, through the European Unien’s Connecting :Z";‘:;’:: S
Europe Facility and the Horizon 2020 research and innovation programme, as Ce',’,,e, o

well as the Participating States Spain, Portugal, Croatia, and Turkey Pt alaelogeideStpecompuitacion



MareNostrum5 DC layout

1\ 18,60m 1\ .

"
g I:I See-thru (glass) tile : 30,00m
+ r 50x60cm r
+ T T T T T T T T T T T T T T T T T T T T T T T T [ ] ﬁL
M 01/ 02| 03[ 04/ 05| 06/ 07| 08[ 09/ 10| 11[12[ 13[ 14] 15[ 16[ 17 18] 19| 20] 21| 22[ 23] 24] 25] 26| 27| 28] 29| 30| 31 32| 33| 34| 35 (&L 39[ 40|
H XH3K ACC rack 37,38 ®
! \ \
! Emmammnla=ssills | o
i 19" GPP rack 01 DMW -y o 123 2 W
F Fo F. F F4F F. Fl F —g-F-3-F B B E
! ) ] IR [T T e o
H 19" mgmt rac L I Y I .
! 2 e[ [: :
T el elelele eleleld ellb et L3 I
H T 1 T
H 19" storage rack I?“C,'" ‘ | ‘ ‘ l | | | 0
T E=E D e = oy = | |
e i el elelele eleleld ellb et £l le
2 111 tape library frame -
e | fean [T TTTIN ] 1] 11 o
R —t— : SRR (e e el | | -
subimer 04] | gy PNV ol il e s = | 15 5
H | edele edeLe ¢ el
+ 8 09| NN
: . . e, e S o e v
i 19" NGT GPP rack 0 )_| 1MW | | Tl b ] d 2 ‘|\)
104 A, T =
t = i % 1 s 3
19" NGT ACC rack i TR # B I
bk ] 12
N = e
Rear of rack 2MW RA 212223 e 1585
et e E. (A N E. F F 3
194cm ‘ ‘ I | | 14
100 mm extension——| 128 mm RDHx | | = Al -~ | | I
07| MW 262728 o 15 5
1143 mm rack—>| | rpplegelege E e H F E F 3 3
194 cm 1 I } } [ | [ | lslos cm 16|
. T et L -5
85 mm extension —={"]
20kW > 31323334 35| | b v EEaS
FoF Fyo Fl FF F. Fog F F__F FoF L3 (d L L3 L3 T
"N L
mmm== Top of rack cable tray | Megt/Eth 1B HUB [ ‘ [ ‘ ‘ { ‘ ey 1sr_ L
Under-floor cable tray High only 'II;'M'
1 Under-floor cable tray Low only D RA 1 H 2 ‘ Tape Library #2 19| L
Barcelonac—— concrete-level false floor NI WEE
Supercomputing L ‘ ” 20 L
Center —

Centro Nacional de Supercomputacién
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MNS5 Site preparation

* Public tender: CONOBR020190100P
* Awarded on 01/08/2019
* Awarded Prize: 12.557.990 € (excluding VAT)
* Including: project, construction and maintenance
* Awardee: Climava SL
* Formalisation on 26/11/2019

« Climava SL @CLIMAVA | E{‘

* Gisela Valderrama, Jaume Villa
* https://www.climava.com

. . B
* Global Technia Consulting
* Lluis Gironella Expected date before covid19: September 2020
* https://www.b-global.tech Acceptance date: April 2022

Barcelona

Supercomputing ;

Center M UNION EUROPEA
Centro Nacional de Supercomputacion :, . ,: Fondo Europeo de Desarrollo Regional




Space available for MN5
m—n

o3 Transformers 470
Fire extinction 2 L e EVEV TN
Y —— 847 G LT
Access to compute room 46
P-2 1374
Batteries room 73
Low voltage room 408
Chillers & Pumps room 466
P-1 Riser / “PATIO” 9 711
Visitors area 236
Roof 320 320
Total rounded 2875
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e Space: 900 sqm &

* >6 meters height 120 cm false floor

Compute Room * 2500 kg/sqm
* MM (ltaly)

» FRP(Fiber-Glass Reinforced Plastic)
@ ST PRFV (Poliéster reforzado con fibra de vidrio)

Center
« with carbon powder to give conductivity and antistaticproperty

Centro Nacional de Supercomputacion
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*Compute Room
* 3'water distribution loop ' )

e |talsan
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COmPUte f . e Air cooling
ROOm . - | e Crahs: Hi-REF

I *//10'x//60 Kw net
cooling capacity
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Compute Room

e Power distribution

* PDU: Schneider
 8x2x3200A/B (2 MW)
* 1x2x1600A UPS (1MW)
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+ 5 X TRANSEORMADOR 41
CAST EILLEDIDRYA(ABB)

<= 4150 kVA

'|,.;. 2 Brlmar D 4 _kV g—

]
ISecondary 20“

Freu'éncty: 0 z

e
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« Main switchboard with max. intensity of 5x6300 A (Schneider)
* 36 Tn (18 Tn Cupper)

/ * Power distribution with BlindosBarra, double path

~ ¢ 1,5 km of Aluminium blindos + 130 m Cupper (3200A)
/! -t ; 18 Tn Aluminium blindos

ERPr .
w,. ‘ﬂ“\ % .



) UPS 1MW, 2N. Lithium batteriesﬂ

* 10 minutes durations
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g towers

vaI CTFP-2436(SB)
: 1500 m3/h

me: 60 m3

,1°C, Inlet: 38,1°C
‘temperature: 25C
pation power: 17300 kW

rce
rground/phreatic water
Ntrial water

4

A
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Chillers

2) Chillers

— Water flow 302 m3Aha+ 1@

U — P

i Water vody;pqe
* Tempetrat H res,
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e —18e=Yeoc
* 8°C-14C:
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Planta Cubierta

: Q —  BMS: Building
= Monitoring System

* Redundant Ethernet/TCP communications ring, with
redundant Master Controllers.

* Fully bistable system, in case of loss of
communications or failure of the management
system, the infrastructure remains operational
without any alteration.

o || Torre 5 Habilitar Auto: Deshab.

* Option of operation in manual mode remotely
controlled by an operator or 100% local manual

from the plant itself.

Toire 6 Habilitar Auto:

Deshab. Deshab.
Deshab. lf Torre 7 Habilitar Auto: Habilitado
Deshab. Deshab.

Auto: Torre 8 Habilitar Auto:

Ajuste Punto Consign= ~

* Management of alarms and warnings via SNMP
(bidirectional).

» Storage of historical events, alarms and logs in
event, alarm and log databases in SQL databases
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EuroHPC Supercomputers

LUMI
LUMI, the Queen of the North

LUMI is aTier-o GPU-accelerated : o LUMI
supercomputer that enables the LUMIG: _— | Tier-o GPU partition: over CcsC
convergence of high- P e LUMI-D: 550 Pﬂop{s powersd by
performance computing, LUMI-C: antiton ot AMD Instinct GPUs
artificial intelligence, and high- sGas Analytics
performance data analytics. / HREILEN Interactive partition with 32
«  Supplementary CPU . TB of memory and graphics

partition CLolir:lIirfér Nigh-speéd Achl::\;l:-al;:ed G'PUsvfor.data analytics and
« 200,000 AMD EPYC Cloud interconnect SEorage visualization

CPU cores S

7 PB Flash-based storage

Possibility for combining LUMI-Q LUMI-P: layer with extreme I/O
different resources within a Eeroi Lustre bandwidth of 2 TB/s and
single run. HPE Slingshot tech Lgt’;’?"Of Storage IOPS capability. Cray
technology. Stoﬁ;;te ClusterStor E1000.
30 PB encrypted object e
storage (Ceph) for storing, \/ 80 PB parallel file system
Shal’ing and Staging data www.lumi-supercomputer.ev  #lumisupercomputer #lumieurohpc

b SRS J\
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EuroHPC Supercomputers

el vl
General features and performance

Front-end and Service
Partition

Booster Module Data-centric and

3456 nodes General-purpose Module
309 PFLOPs peak 1536 nodes

Login nodes LUMI
Visualization nodes CSC
Service nodes

High-Speed interconnect =

Ethernet network

LEONARDO
CINECA

1/0 Partition S .
Fast Tier: 5 PB @ 1 TB/s Infiniband-Ethernet

Capacity Tier: 100 PB @ 500 Gateways
B 3,2 Th/s

LN
Barcelona
Supercomputing
Center
Centro Nacional de Supercomputacion



EuroHPC Supercomputers

LUMI
1120 nodes 6192+216 nodes CSC
512 GB DDRS 4800MHz 256 GB & 1024 GB /node
-~ 2|5§ GB :BMR » DDRS 4800MHz 248 PB net
: ; Gn::-lez 332950::/525'(; 2 x Intel Sapphire Rapids 2,81 PB metadata
” , 2 GHz, 56 cores/socket W: 1,2 R:1,6 TB/s
A DI ey 0,96 TB NVMe 4XNDR200/module
0,48 TB NVMe 1 x NDR200/node Shared Spectrum Scale
4 x NDR200/node (100 Gbps/node) 25 racks — RDHX
(800 Gbps/node) + racks LEONARDO
72 nodes
2xIntel SPRHO3 CI NECA

12 GBHBM + 32 GB DDR5

24 nodes
512 GB DDRS
512 GB HBM
2 x Intel Emerald Rapids
2 GHz, 23 cores/socket

408 nodes
240 GB LPDDR5x

20100 tapes
2 x Intel Rialto Bridge 2 x NVIDIA Grace 20 TB/tape MARENOSTRUM 5
0,128 TB NVMe 2,6 GHz, 72 cores/socket 64 drives BSC
2 x NDR200/node 0,128 TB NVMe 400 MB/s/drive

1 x NDR200/node

Barcelona
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EuroHPC Supercomputers

LUMI

LUMI, the Queen of the North

LUMIis aTier-o GPU-accelerated

Supercomputer that enables the wiiG, | Tier-oGPU partition; over
convergence f igh- e 550 Pflpis powered by
erformance computing, e, Potten LMD, AMD Instinet GPUs
arificilnteligence, ndigh- 56 oo ——__
performance data analytics. Fadgn Interactive partition with 32
+ Supplementary CPU T8 of memory and graphics

P e, SN ur, | GPUs for data anabticsand
200,000 AMD EPYC T ot N visualization

CPU cores i

778 Flash-based storage

ety frcorinns 5 R ot LUMI
dfferent resources withina & bandiwidh of 2 Tels and
singlerun HPE Slingshot stoe 10PS capabilty: Cray
technology. Clusterstor Ezooo

30 PB encrypted object
Storage (Ceph) for storing,
sharing and staging data

80PB parallel fle system

General features and performance

Booster Module

3456 nodes
309 PFLOPs peak

Front-end and Service
rtition
Login nodes
Visualization nodes
Service nodes

Data-centric and
General-purpose Module
1536 nodes

F
Capa

NOR200/nod:

High-Speed interconnect =

Ethernet network

VO artition.. Infiniband-Ethernet

ast Tier: 5 PB

ity Tier: 100 PB @ 500 Gateways
GB/s 32 Tois

6152:216 nodes

100 Gbps/node)

12 GBHBM + 32,68 0DRS

Barcelona
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CSC

LEONARDO
CINECA

MARENOSTRUM 5
BSC



EuroHPC Supercomputers

..s_‘- .ﬂm

The supercomputer consists of 6 main parts:

- a universal part for standard numerical simulations, which consists of approximately 720 computer servers with a

theoretical peak performance of 3.8 PFlop/s,
KAROLINA

T4Innovations - an accelerated part with 72 servers, and each of them is equipped with 8 GPU accelerators providing a performance of

11.6 PFlop/s for standard HPC simulations and up to 360 PFlop/s for artificial intelligence computations,

- a part designated for large dataset processing that provides a shared memory of as high as 24 TB, and a performance of
74 TFlop/s,

- 36 servers with a performance of 192 TFlop/s are dedicated to providing cloud services,
- ahigh-speed network to connect all parts as well as individual servers at a speed of up to 200 Gb/s,

- data storage that provides space for 1.4 PB of user data processing and also includes high-speed data storage with a
speed of 1 TB/s for simulations as well as computations in the fields of advanced data analysis and artificial
intelligence.

Screenshot

. b -
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KAROLINA
IT4Innovations

MELUXINA
LuxProvide
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EuroHPC Supercomputers

Internet

S

GECAETQ

Netweorks - Services - People

Partners

LuxConnect
site router

System Module

2N customer access nodes

2N service nodes
Custamer entry point
Supercomputer management
Workload management

Ethernet data fabric
1-100 Gbps GbE
Data network
Internet access
Management network

Cloud Module

~20 Private Cloud Hosts
>200 Virtual Machines

User Portals

Persistence, APls, databases
Exploratory data science tools
Workflow orchestration

o

Cluster Module @

> 2+ PFlops CPU-only
| > 570 CPU-only compute nodes
> 70x CPU cores
| Mixed HPC and Bighata workioads

Accelerator Module Eé}

> 10 PFlops GPU acceleration
> 500 Al PFlops
~200 GPU-CPU hybrid nodes
with ~800 GPU-Al accelerators
~20 GPU-FPGA hytrid nodes
with ~20 FPGA accelerators
Accelerated Workioads

Infiniband
Interconnect

200 Gbps 18 HOR

Core supercomputer
high speed network

Large Memory Module
> 80 TB RAM
~20 large memory nodes
in-memory Big Data
computing workloads

Storage Module

>20 PetaBytes main storage
>400 GB/s throughput

Tiered & Secure storage
Supporting mixed HPC, BigData and Al workloads



KAROLINA
IT4Innovations

MELUXINA
LuxProvide

VEGA
1ZUM
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EuroHPC Supercomputers

Eacilitiesiand
connectivity,

High density,
energy eff.
Interconnect
Data center

Hardware “alziors 100 m2
- approx. mae
Ll link to NREN's

partitions o
: HDR100 IB, 100 s ARNES) backb
Architecture i RIVR1 Water- ( ) backbone
Compute’ GPU' ’ P 7 several 100 Gb/S
HPST (Lustre) InBand&OutOfBa cooled (PUE 105) (p|aned)_
Extreme Data, /O 2 nd 1/10 GE RIVR2 Room Air-

LCST (Ceph), Login,
Virtualization

e @ & & @

With 960 CPU nodes (overall 1920 CPUs AMD Epyc 7H12 — 122000 cores) and 60 GPU nodes (overall 240 GPUs
NVidia A100) the sustained performance of HPC Vega is 6,9 PFLOPS (peak performance is 10.1 PFLOPS).

.

intensive, Artificial cooled (PUE 1.66)




EuroHPC Supercomputers

A 3 Discoveren

KAROLINA > The size of the system is combining 12 computing Direct Liquid Cooling

IT4Innovations

MELUXINA BullSequana racks

LuxProvide
VEGA s > The platform is built on AMD EPYC processors with hot water cooling and
IZUM its representing 376 computing nodes

DISCOVERER
Sofiatech

“ > The number of cores is 144,384 where size of the RAM reaches 300TB

> 2 PB of fast disk storage DDN space is guaranteeing optimal operability for
store procedures
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EuroHPC Supercomputers

A
KAROLINA

: : O DEUTATION y
IT4Innovations N - \ / \
MELUXINA ' J'! !lh ' .

4 “ -

LuxProvide

VEGA
IZUM

DISCOVERER
Sofiatech

Deucalion

Deucalion is the new EuroHPC green supercomputer in Portugal. Deucalion will be capable of
a peak performance of 10 Petaflops. The machine will be equipped with the groundbreaking
Fujitsu ARM A64FX processors, last generation AMD x86 processors and last generation

NVidia GPUs.
Barcelona
Supercomputing
Center
Centro Nacional de Supercomputacion




EuroHPC Supercomputers

LUMI
KAROLINA CSC
IT4Innovations
MELUXINA
LuxProvide
VEGA LEONARDO
IZUM CINECA
DISCOVERER
Sofiatech
Deucalion MARENOSTRUM 5
MACC

BSC
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Access to EuroHPC and
MareNostrum5

50% EuroHPC JU
50% Participating States
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Access to EuroHPC and
MareNostrum5

50% EuroHPC JU
50% Participating States
— e 7 =

WHO CAN ACCESS OUR SUPERCOMPUTERS?

What organisations are eligible for access
to EuroHPC JU machines?

Any organisation from a participating state is eligible for
access to perform Open Science research. This includes
public and private academic and research institutions, public
sector organisations, industrial enterprises and SMEs.

What are the participation conditions?

Participation conditions depend on the specific access call
that a research group has applied. In general users
of EuroHPC systems commit to:

acknowledge the use of the resources in their related
publications,
contribute to dissemination events,

produce and submit a report after completion of a

resource allocation.
EuroHPC

*

*

‘* *
*

MLLU‘J‘/

_
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Access to EuroHPC and

MareNostrum5

50% EuroHPC JU
50% Part|C|pat|ng States

—
!

EuroHPC Access Policy

Access Policy document defines the procedures and conditions for access the EuroHPC
Supercomputers

offering resources on a periodic and continuously open call basis.

* Extreme scale: Large applications, Pre-exascale systems. Peer-reviewed

* 2 cut-offs per year
* Regular: Medium to large applications, Petascale systems. Peer-reviewed

* 3 cut-offs per year
* Development. All systems. Up to 1 year access. Limited resources.

* Monthly cut-offs
* Benchmark. All systems. Up to 3 months access. Limited resources.

* Monthly cut-offs

* Special conditions for Urgent/Emergency Computing & Access for Strategic
Initiatives/Projects — Decided by the Governing Board.

\
*

*
*

EuroHPC

*
Barcelona _— > -
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Access to EuroHPC and

MareNostrum5

50% EuroHPC JU

WHO CAN ACCESS OUR SUPERCOMPUTERS?

What organisations are eligible for access
to EuroHPC JU machines?

Any organisation from a participating state i eligible for
access to perform Open Science research. This includes
public and private academic and research institutions, public
sector organisations, industrial enterprises and SMEs.

What are the participation conditions?

o ! . 3 L
Participation conditions depend on the specific access call : : ) : .
that a research group has applied. In general users )
of EuroHPC systems commit to: | ’

acknowledge the use of the resources in their related 3 » ¥ i ¥

publications, ! B <
contribute to dissemination events,
produce and submit a report after completion of a !

resource allocation.

EuroHPC

Participating States

Spain  Portugal Turkey

Cear g

EuroHPC Access Policy

According to contributions
e Own decision access methods

Access Policy document defines the procedures and conditions for access the EuroHPC
Supercomputers

offering resources on a periodic and continuously open call basis.
Py le systems. P i d

* Extreme scale: Large
* 2cut-offs per year
* Regular: Medium to large applications, Petascale systems. Peer-reviewed
* 3cut-offs per year
* Development. All systems. Up to 1 year access. Limited resources.
+ Monthly cut-offs
+ Benchmark. All systems. Up to 3 months access. Limited resources.
* Monthly cut-offs

* Special conditions for Urgent/Emergency Computing & Access for Strategic
Initiatives/Projects — Decided by the Governing Board.

y EuroHPC
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Next Projects

* On-going
* System installation
» System and facility validation
* Water quality, control and treatment
* Access to HPC systems
* On construction or procurement
* Osmosis Facility
* Installation of quantum systems
* At legal/economical validation
» Utilization of phreatic water
* Power station

* On background preparation

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion

MareNostrum 6
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