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@ Marenostrum 5 Giris

@ Maresnostrum GPP ve ACC Nodelar!
@ HPC s Akisi

@ Marenostrum 5’te Is Gonderme
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PRE-EXASCALE SISTEM - MARENOSTRUM 5
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Free access to the most valuable

= 50% EuroHPC JU — 50% katilimci tlkeler s by ool cometses
(Ispanya %35.13, Turkiye %9.87, Portekiz %5)

Wivestoee: 50% (of computing capacity) 50%

Hostin e m Hosting Consortium® European

Conso?tium* — B country projects projects
Spain Portugal Turkiye

European Commission 1 R

It is the largest European
investment in scientific Spain Turkey Portugal
infrastructure in Spain U

B 80% Spanish Supercomputing Network
N‘, f f | g

20% National Supercomputing
Centre (BSC) Projects

TeraFLOPS: Saniyede bir trilyon ($107{12}$) kayan nokta (floating-point) islemi gerceklestirmek demektir. (Siradan bir diztstl

a1

Ir bilgisayar yaklasik 1 teraFLOPS'a kadar islem yapabilir.)

((-e * AI Fa Ctory Petascale: Saniyede en az $107{15}$ kayan nokta islemi yapabilme kapasitesidir (1 petaFLOPS). 2 B

* Pre-exascale: 100 petaFLOPS'tan fazla ve 1 exaFLOPS'tan az islem yapabilme yetenegidir. T U B I TA K
* * Exascale: Saniyede en az $107{18}$ kayan nokta islemi yapabilme kapasitesidir (1 exaFLOPS).




MN5 Tekni llikler
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MNS5 Teknik Ozellikler-GPP

Computing power

The computing capacity of
MareNostrum 5 is equivalent to
about 380,000 high-end laptops.

46
2023 — 2069

It does calculations in 1 hour that
would take a laptop 46 years.

Peak performance: 314 Petaflops/s. General purpose partition

(314,000 billion operations per To help solve major scientific
second) with more than 2 petabytes problems. 90 racks, 6,480 nodes
of RAM. and 12,960 chips.




GPP Nodelari

Node type Node count Cores per node Miain n:\i?:ry Per LU Toerr:ory per
6,192 112 256 GiB 2 GB
GPP-HighMem 216 112 1,024 GiB 9 GB
GPP-Data 10 112 2,048 GiB 18 GB
GPP-HBM 72 112 128 GiB 1 GB

A
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Marenostrum 5 (MN5) HPC Sistemine Erisim

Marenostrum 5 kaynaklarina erisim, tum veri trafiginin sifrelendigi giivenli bir protokol olan
SSH Uzerinden saglanir.

Linux ve macOS
» Sistemle birlikte gelen yerlesik OpenSSH istemcisi kullanilir.
* Erisim icin Terminal araylizu tercih edilir.

Windows
e PuTTY: Yaygin olarak kullanilan acik kaynakli SSH istemcisi.
 MobaXterm: X11 yonlendirme ve dosya transferi destegi sunan gelismis alternatif.

* Windows PowerShell / CMD: Giincel siiriimlerde yer alan OpenSSH destegi ile dogrudan
komut satiri erisimi.

A %
((@e‘; Al Factory
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Marenostrum 5 (MN5) HPC Sistemine Erisim

00

$ ssh {kullanici_adi}@gloginl.bsc.es

000

-

$ ssh {kullanici_adi}@aloginl.bsc.es

000

$ ssh {kullanici_adi}@transferl.bsc.es '

A Y
@1 Al Factory
o

GPP Nodelarina erisim

ACC Nodelarina erisim

Storage ve veri transferi

Nodelarina erisim
&/ TiBITAK




MNS5 Veri Transferi

/\ Onemli Kisitlamalar

*CPU Zaman Siniri: Login (giris) digimlerinde CPU kullanim limiti 5 dakikadir. Uzun sureli islemler igin hesaplama
digtumleri kullaniimalidir.

*Ag Erisimi: MN5 Ulzerinden dis dlinyaya dogrudan giden baglantilara izin verilmez.

@ Veri Aktarimi (Data Transfer)

Dosya transfer islemleri icin 6zel aktarim digimu kullanilmalidir: transferl.bsc.es

00

$ scp localfile username@transferl.bsc.es:/path/remote/dir
5 scp username@transferl.bsc.es:/path/remote/file localdir

ync -av /path/localdir username@transferl.bsc.es:/path/remotedir

A %
@1 Al Factory
***




Dosya Sistemi

$ bsc_quota

Filesystem Usage Limit In doubt Files In doubt
gpfs_home 4.42 MB 86.88 GB 84.00 GB 8.88 KB None 23
gpfs_projects 154.75 GB l688.88 GB 1.83 TB 8.88 KB None
gpfs_scratch 144.88 KB l806.88 GB 1.83 TB 0.88 KB None 11

For information regarding /gpfs/tapes, run this command from a Storage 5 node (transfer[l..4].bsc.es).
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Er Al Factory

/gpfs/apps

Kigisel galigma alani. Kaynak [

kodlar, scriptler (betikler),
konfiglirasyon dosyalari ve
6nemli belgeler igerir. Kii¢tk
boyutlu ama kritik dosyalar igin
tasarlanmigtir.

Q%EQ /gpfs/project

Analiz ¢iktilan, devasa log
dosyalar ve gegici dosyalar
igerir. Bu dizin yedeklenmez.
islem bittikten sonra onemli
verilerin glvenli alanlara
taginmasi gerekir.

General Parallel Filesystem (GPFS)

MNS (izerinde yikli olan genel
uygulamalar, derleyiciler ve
optimize edilmig kitiiphaneler
yer alir. Kullamicilar bu dizine
veri yazamaz, sadece buradaki
yazihmlan kullanabilirler.

/gpfs/home \ ,—;l, J

. UL

Grup ici ortak ¢alisma ve ozel
kurulumlar. Caligtirma
(execution) klasdrleri, baslangig
verileri (input data) ve proje
grubuna 6zel yazilimlar igerir.

\\\
P
/gpfs/scratch 15 )




200

/apfs/apps/MNS/ACC

ACCELERATE
ADIOS2

AEC
ALPHAFILL
ALPHAFOLD
ALYA
ALYA-MPIO-TOOLS
AMBER

AMGX
ANACONDA

ASC

BAZEL
BERKELEYGW
BIGDFT

BIN UTILS
BOOST
BSCTOOLS

BSC AFFINITY
BTOP
CAIROSVG

DAGSTER
DARSHAN
DATACLAY
DATE
DEEPMD-GNN
DEEPMD-KIT

MR
DORADO
DRISHTI-IO
DSSP
DUALSPHYSICS
DXT-EXPLORER
EASYBUILD
ECCODES
EIGEN
ELPA

MBOSS
EVOBIND

ALL3D
FFMPEG

HDFSVIEW
HECUBA
HOOMD-BLUE
HOPR
HPCVIEWER
HPCX

HYPRE

1-PI

J0

JULIA
KOKKOS
LAMMPS
LAPACK
LIBAIOD
LIBBEEF
LIBCIFPP
LIBCURL
LIBFABRIC
LIBFYAML
LIBJANSSON

/gpfs/apps

NAND

NCCL

NCVIEW
NEDIT
NETCDF
NEXTFLOW
NGCCLI

NIM
NVBANDWIDTH
NVIDIA-HPC-SDK
NVSHMEM
0CTOPUS
OLLAMA
ONEAPI
OPENBLAS
OPENCV
OPENFE
OPENMPI
OPENVDB
ORCA

ROSETTAFOLD
SCALA
SCALAPACK
SCALASCA
SCOREP
SIESTA
SINGULARITY
SLEPC
SOWING
SPACK
SPGLIB
SQLITE3

SRC
SUNDIALS
SUPPORT
TENSORFLOW
TENSORRT
TESSERACT
TINKER-HP
TORCHFORT




MNS5 Yuklu Modiller

Komut Kullanim Ornegi Aciklama
avail module avail [program] Mevcut tim modadlleri listeler

. : Halihazirda yikli olan modulleri
list module list y

gosterir
load module load gcc/5.1.0 Belirli bir moduli sisteme yikler
unload module unload gcc YUkl olan bir moduld kaldirir
keyword module keyword pytorch 'awrg:jgl »i;r;;:de FEEEE (Folre
purge module purge Tdm yuklG moddlleri temizler

@E Al Factory @ TUB"AK




MNS5 Teknik Ozellikler - ACC

Accelerated node
Hard  eHigh performance eAccelerated —— Each of the 4,480 accelerated

drive network cards chips chips has more power than the
entire MareNostrum 1 (from 2004).

Copper and
fibre optic
cables

¥

2023:
8 cm? 2004:

M

o CPU

ALLLIRLRLLY

.\’

L Ry

36 nodes

in each rack 42C
¢DDRS Memory: 16 Water circuit to

32 Gb DIMMS (512 Gb) dissipate heat

I Accelerated partition to make
advances in Artificial Intelligence
35 racks, 1,120 nodes and 6,720
chips (4,480 of them, accelerated).

\\l\lxlk\&l{lk I\l\” il‘ \‘ 1 k“ “ ul ( l “ \
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ACC Nodelari

*Toplam Diigiim Sayisi: 1.120 Adet
*Toplam Hesaplama Birimi: 680.960 (CPU + GPU toplami)
*Mimari: Intel Xeon Sapphire Rapids ve NVIDIA Hopper GPU entegrasyonu

Bilesen Detayli Ozellikler
2x Intel Xeon Platinum 8460Y+ (40C, 2GHz) — 80

Islemci (CPU) Cekirdek/Diigiim

Grafik islemci (GPU) 4x NVIDIA Hopper H100 64GB HBM2

Bellek (RAM) 512GB DDR5 4800MHz (16x 32GB DIMM)

Depolama 480GB NVMe Yerel Depolama

Ag Baglantisi 4x ConnectX-7 NDR200 InfiniBand (800Gb/s Bandwidth)

@E{ Al Factory @ TUB"AK



Marenostrum 5 Yazilim Ortami

Operating system Red Hat Enterprise Linux

Intel OneAPI| HPC Toolkit

Compiler Suite Nvidia SDK (PGlI)

Numerical libraries Intel MEL
Nvidia SDK

BSC Performance tools
X : ARM DDT
Debugging/profiler tools Nvidia SDK

Intel OneAPI HPC Toolkit (vtune, ...)

SLURM

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

Energy Efficiency and Power

Management BAR

A %
(@1 Al Factory
***




Is Gonderme

1. is Betigi Hazirlama: Kullanici, kaynak gereksinimlerini (CPU, GPU sayisi, sunucu sayisi, zaman...)

ve ¢alistirllacak komutlari iceren bir .sh dosyasi hazirlar.
Kuyruga Gonderim: sbatch komutu ile dosya sisteme iletilir.
Planlama (Scheduling): SLURM, uygun kaynaklar bosaldiginda isi en uygun digimlere atar.

Yiiriitme ve izleme: is calisirken standart ciktilar (stdout) ve hatalar (stderr) dosyalara kaydedilir.

e BY e

Tamamlanma: is bitiminde kaynaklar serbest birakilir.

A %
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Is Gonderme

*Kaynak Belirleme: ihtiyac duyulan CPU, bellek (RAM) ve zaman limitlerini (Wall clock time) énceden
tanimlamanizi saglar.

*Hassas Kontrol: isin hangi kuyrukta (partition) ve kac cekirdek ile calisacagini netlestirir.
Verimlilik ve Diizen

*Tekrar Kullanilabilirlik: Bir kez yazilan betik, parametreler degistirilerek farkli veri setleri icin defalarca
kullanilabilir.

! Teknik Yapi
*Esnek Kabuk Betikleri: is betikleri aslinda standart Shell Script dosyalaridir.

*Ozel isaretleyiciler (Directives): islemciye (Scheduler) talimat génderen 6zel #SBATCH (vevya ilgili
sistemin) isaretcilerini icerir.

A %
@1 Al Factory
***

&/ TiBITAK



Is Gonderme

g Kaynak Atama

Kaynak Tahsisi ¢
Kullanicilara CPU ve GPU igeren

hesaplama kaynaklari tahsis edilir

i ™ t ..
C HACIn ‘ vy o ‘
19 aﬁ'.;ﬁ‘:’;mﬁﬂ?g 1d ‘:2,,

=0,

- - e oww . h

Tahsis edilen digumlerde igler
baslatilir, yuratilur ve izlenir

o Is Ylriitme

Kuyruk Yonetimi ¢

E i Bekleyen igler 6ncelik kurallarina
gore siraya konur ve kaynak
cekismesi yonetilir. (SLURM
Tarafindan)

A %
(@1 Al Factory
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SLURM Scripti

#1/bin/bash

#SBATCH --time=00:02:00 ---=> isin ¢alisacagdi stire
#SBATCH --qos=gp_debug ---=> génderilecegi kuyruk
#SBATCH --account=etur71 ---=> kullanici isminiz

#SBATCH --job-name=test_parallel ---=> isin sistemde géziikecedi ismi

#SBATCH --output=mpi_%j.out

#SBATCH --error=mpi_%ij.err

#SBATCH --ntasks=4 --=> Paralel ¢alisacak is sayisi

#SBATCH --cpus-per-task=4 --=> Her bir task igin gereken CPU

#SBATCH --tasks-per-node=1

# islemcileri dogru hizalamak icin (Pinning)

export SRUN_CPUS_PER_TASK=$SLURM_CPUS_PER_TASK

srun ./parallel_binary > parallel_test_task.output

A %
((@e‘;r Al Factory
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SLURM Is Akisi

cat
—-ntasks = 4 —~cpus-per-task = 4 ~-tasks-per-node =1 parallel_test_task.output

1)) B)) B)) B))

Is Gorevleri Dugiim Tahsisi
4 paralel gorev Her gorev bir
baslatilir digime atanir
CPU Tahsisi Is Ciktisi
Her gérev igin 4 CPU Isin diigiim ve thread
¢ekirdegi tahsis edilir kullanimini gésteren

cIkti

A %
(@1 Al Factory
***
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parallel_test_task.output

parallel_test_task.output

] Node: gs04r3b40 -> thread kullanuyor.
] Node: @gs04r3b31 -> 4 thread kullaniyor.
] Node: gs04r3b58 -> 4 thread kullaniyor.
] Node: gs04r3b43 -> 4 thread kullaniyor.




ddp_or_fsdp.py

A % =\
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ddp_or_fsdp.slurm

l=none
i dp_or_fsdp.py

MAGE=/apps/ACC/SINGULARITY/images/pytorch_22.09-py3.sif

module purge

module load singularity
export

e srun singularity exec --nv --bind MPDIR:$TMPDIR --pwd $PY IMAGE python

A Y
C( * Al Factory
***



ddp_or_fsdp.out

eak=4514 MB
3“»11 i]

Tasarruf: %42

X
@’; Al Factory
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Tesekkurler

Contact Form

@ aifactory@tubitak.gov.tr

bsc-ie@bsc.es
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