VSB TECHNICAL ITAINNOVATIONS

Il || UNIVERSITY | NATIONAL SUPERCOMPUTING
OF OSTRAVA CENTER

THE KAROLINA SYSTEM

BRANISLAV JANSIK

EUROHPC USER DAY
11 DEC 2023

'\Kﬁr This conference is supported by The Ministry of Education, Youth and Sports from the Large Infrastructures for Research,
MINISTRY OF EDUCA Experimental Development and Innovations project ,,IT4lnnovations National Supercomputing Center — LM2015070“.



KAROLINA SUPERCOMPUTER

KAR8 L 1 A

|| | UNIVERSITY | NATIOMNAL 2
OF OSTRAVA CENTER




KAROLINA ARCHITECTURE

Universal
720 CPU nodes
92,160 cores

Accelerated
72 GPU nodes
576 A100 GPUs
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SLURM SCHEDULER

Complete switchover to Slurm

* Slurm on Barbora, Karolina and Complementary systems

* Complete integration to accounting and SCS

 Removed legacy queues, check: S sinfo -s

e Still optimizing the queue policies: fairsharing and backfilling
 https://docs.itdi.cz/general/job-submission-and-execution/

Scheduler status view

e Ssqueue [--time] —all ; squeue —u uname

* https://extranet.itdi.cz/rsweb/karolina/queues?user=uname
(Includes electricity stats, see O. Vysocky 17:00)
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https://docs.it4i.cz/general/job-submission-and-execution/
https://extranet.it4i.cz/rsweb/karolina/queues?user=uname

HYPERQUEUE

Many simple tasks

Problem:

* Large amount of jobs?

* Very large amount of small jobs?
* Only 1 or few cores per job needed?
e Complicated job dependencies?

Answer: Use hq!

https://it4innovations.github.io/hyperqueue/stable/

https://docs.itdi.cz/general/capacity-computing/#hyperqueue

Slurm/PBS Cluster

c booo—o

oooo

|
o DuOo{o

|
googl

|ﬁ
O

D?DD%%G

Dfﬂm

c DOD0O—o

ooDO|

CCCCCCCCCCCCC

UNIV
OF 0S

ERSITY
AAAAA


https://docs.it4i.cz/general/capacity-computing/#hyperqueue

COMPUTE TRENDS - LEXIS PLATFORM

WORKFLOWS v EUROHPC SU EUROHPC DEMO USER: BRANISLAV JANSIK

DETAIL PROGRESS
DATA SETS

ORGANIZATION Execution Progress

v1.4.0-14-03-2023




CLOUD AT KAROLINA

—
HH OpenstaCk. = cinfra_cz » cb382a2d1f039969984fe76c40be2a3dIdabBaf@einfra.cesnet.cz

Project v
APl Access

Compute v
Instances

Images

Key Pairs

Server Groups

Volumes >
Netwark >
Identity >

Project / Compute / Overview

Overview

Limit Summary

Compute

Instances

Used 1 of 10

y

Volumes

Volume

Used 10f10

Network

Floating IPs
Allocated 0 of 1

Usage Summary

Select a period of time to query its usage:
2023-10-29 B | to | 2023-10-30

Active Instances: 1

VCPUs
Used 1 of 20

Yolume Snapshots
Used 0 of 10

=

Security Groups
Used 2 of 10

-

RAM
Used 2GB of 50GB

Yolume Storage
Used 20GB of 1000GB

y

Security Group Rules
Used 10 of 100

Metworks
Used 0 of1
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SELF SERVICE PORTAL

H= . .
.. Agendas v  Requests v  Extranet v httpS://SCS.lt4|.CZ/ - A X @ -
Training sik) are signed in as Karel Voprsalek (owner). Back to admin X.
Karel Voprs ™= N =E3aa := Back
| Final reports T
Login:  Feedbacks Last Job:  237781.dm2 (2014-08-27 18:20:32)
Last Login: 2014-12-28 (about 8 hours Dn: uid=vop999,ou=users,ou=master,dc=it4i,dc=cz
spent) Home: /home/vop999
Name: Karel Login Shell:  /bin/bash
Surname: Voprsalek Group Policy:
Email: kvop999@gmail.com Token: UsUVSwa2ZYojkB1SmzcE
Status: Description:  description
Telephone: SSH Public Key: ssh-rsa
Country: CZ AAAAB3NzaC1yc2...SFQqWCaFPmghSHoTIx02b07d2Lo
Uid/Gid Number: 1025|2015 TXDVOVUBIIAKZMhBIQ== vop999 |k
Groups
Group Status GID Grouping Type
vop999 2015 user
Total 1

Projects summarize: ALL(4) DD(4)

PID Status  Project Allocation  WCHSs project NCHs project ~ WCHsuser  NCHs user
DD-135&* [E) T4l Employee Access Project 0 NA% 7258181 N/A% 7251453 NA% 000 NA% 0.00
ND-14-17 &+ TR  OMICS Installation 10000  900% 89983  900% 89983 0.0% 0.00 0.0% 0.00
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SELF SERVICE PORTAL ATl

. Agendas v  Requests v  Extranet v httpS://SCS.it4i.CZ/ - A X @ -

Training sik) are signed in as Karel Voprsalek (owner). Back to admin X.

Publications =. . =. . m i= Back

Karel Vop

Final reports
Feedbacks
014-12-28 (about 84

spen
Name: Karel
Surname: Vo

Last Job: 237781.dm2 (2014-08-27 18:20:32)
Dn: uid=vop999,ou=users,ou=master,dc=it4i,dc=cz
Home: /home/vop999
Login Shell:  /bin/bash

Last Login’

Email: kv
Status: [T} P . t .
=eprone: | ® Pyblications
Country: CZ aFPmghSHoTIx02b07d2Lo
Uid/Gid Number: 10} bp999 |

Groups ¢ FEEdbaCkS

Group Status GID Grouping Type

vop999 [ active | 2015 user

Total 1

Projects summarize: ALL(4) DD(4)

PID Status  Project Allocation  WCHSs project NCHs project ~ WCHsuser  NCHs user
DD-135&* [E) T4l Employee Access Project 0 NA% 7258181 N/A% 7251453 NA% 000 NA% 0.00
ND-14-17 &+ TR  OMICS Installation 10000  900% 89983  900% 89983 0.0% 0.00 0.0% 0.00
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DOCUMENTATION

© & nhttps;//docs.itdi.cz/job-features/ B - w C oI ¢
Job Features A sccsfiocsittics
1 ¢ Markdown based
w| *. https://code.it4i.cz/sccs/docs.it4i.cz.git
-l * Create own branch, modity, build, see results
“[ «  Merge request
| ¢ Easy to contribute!
e Search
«] ¢ Comments
«| * Dedicated time, in iCal format

> Machine Learning
> MPI

Smart Burst Buffer i Tk, SUPE



KAROLINA GUI - OPENONDEMAND i STRITR
+ https://ood-karolina.it4i.cz/

L c O‘ E. 22 hitpsyfood-karolina itdi.cz/punysys/dashboard/batch_connect/sessions 30% 57 = =

KAROLINA  Files* Jobs~ Clusters~ Interactive Apps~ @ My Interactive Sessions @ Help - & Loggedinasjansik @ Log Out

Session was successfully created. »

Home / My Interactive Sessions

Interactive Apps Karolina Login Mate (64897.host) €& €D | Running

GLE S >_loginl karolina.it4l.cz i Delete

Created at: 2022-11-03 08:55:16 CET

Desktops

CJKarolina Login Mate

CJKarolina Login XFCE
Time Remaining: 1 hour and 35 minutes

Session ID: dfd5e0d0-dB06-49b2-90e1-0e7d0a7i4786

Compressian Image Quality
o o

0 (low) ta 9 (high) 0 {low) to @ (high)

Launch Karolina Login Mate View Only (Share-able Link)
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KAROLINA GUI - OPENONDEMAND

e O |5 5= Mipsyfood Sarmling dttice/ pundsys/dashiboard/moYNC -1, LOAC hEm Aulin Ausuloconnett = rue X path = mode®2Mogin ) kataling 441 ce2 P2 72 10962 webeo cii iy
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mbi-blas.c (~/work/lorenz) - GVIM vl iat i

< - 4+ L New Vonable . & Analyze Code
& ° B Y e : q W Q” ‘ 3 & .‘ 0 g & = 155 Opan Variable « sl £ Aun and Time 1l
" " " . Y Save Favorntes Simulink L
prlntf( ‘Rusning M fterations\nMatrix size: )\ nMemo ¢ If Mia\n©, NrTEl NMAT, (sizeof| * : >
double)® (doublé)l -m\m/:«;wwu)); ¥ Workspace i) Clear Workspace - v (4 Clear Comvmands ~
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Figure 1

—_-3 @ Preferonces | Efe Edit dew [nsert Tools Qesktop Window Help

mu._-,smﬂmh Nade QA0 KE
vl paratel >
Ervsnonment |

//allocate memory
posix memalign((veid *) &c, (size t)04, (size t) sizeof(double)*NMAT2 );

Command Window
posix semalign({veld *) &z, (size t)64, (size_t) sizeof(double)*NMAT2 );

New to MATLAS? See rescurces for Getting Started

10

//initialize matrices s> na =18t = Linspace-10, 10, 1000) :
xt = expl-t./10).=sin{%*t);
yt = exp(-t,/10}.%cos(5°t);
p = plot3{xt,yt,t);
na ~ist « linspacel- 10,10, 1000);
'

#ffragna amp parallel for default{shared) privste(i,rng) schedule(static,s)
for (1s8; 1<WMAT2; 144) {
c{i]=(double) (pcgd2 random r(&rng)Slo0008) /100000 /NMAT;
2[1]=(double)n . 6;
}

//run mandelbrot inspired iterations
10 = omp get wtime|);
for (1=6; 1<NITER; 14+) (

maratched delimiters,

»= t « linspace(-10,10,1000);
XL = !In" ! o

1/C=2°24C Run .
doenm (&N, 6N, ANMAT  ENMAT ANMAT  RONED, 2, GNMAT , 2 ENMAT  SONED, ¢ 6NMAT ) ; [ 0 O
J112=CoCol _arwerd x 1000 8 Details
dgenm (6N, BN, GNMAT , ENMAT  SNMAT, GONED, ¢ SNMAT, c, GNMAT , SONED, 2, RNMAT ) ; " vllm =
//C=2*2-C .
dgemm (EN,GN, GNMAT  GNMAT  SNMAT  GONED, z, ANMAT , 2, GNMAT , SONEDm , ¢, GNMAT ) ;
//2=C*C-2 -
doems (SN, 6N, ENMAT  ENMAT  GNMAT , BONED, ¢, GNMAT , ¢, BNMAT , GONEDa, 2, GNMAT ) ; o
t = omp get wtime(); Details
Detalls
arm Number of OpenMp thresds: 1 -
DDT cupa
Memory Debugging
orm Submit to Queve
MAP)| [ —— ovtals
Plugins: none Details
Tutonals
arm Lom =
Help Options Run Cancel

=@ ™ [Mate Terminal] W pate Teeminal =AM DOT - Arm Forge . 4k MATLAB R20212 - ata... m & Figure 1

Invelid expression. when calling a function or indexing @ variable

» Use parenthegses.

Fle Edit View Search Temmina! Heip

“Z

[1]+ Stopped matlab
[jansikploginl karolina ~]$ bg

[1]+ matlab &

[jansik@loginl. karolina ~|$ 1s

28210701 -588nodes. log java.log.41238
bin jitter.c
Deskiop Linuxsint . ing
Documents MATLAB Add-Ons
Down Loads MedeA
intel-2821a-728n0des. log MedeA . settings
intel-20821a-728nodes-novalsge. log Music
intel-2821a- 748nodes . 1og octave-workspace
[{ansik@loginl, karolina ~]$ cd work/
[Jansik@loginl karolina work]$ cd loren:

[jansik@loginl, karolina lorenz]$ 1s

lorenz-blas.c mbi-blas.c test.f
lorenz-blas . x sbi-blas.x token

.karolina lorenz]$ gvim mbi-blas.c
[jansik@loginl. karolina lorenz]$

ondenand
Pictures
Fublic
Teoplates
test

wbunty gvim, isg

Videos
wvork

lorenz-avx512.5 loremz-c.c octave-werkspace
lorenz-avx812.x  lorenz-c.s README.nd
lorenz-avx.s lorenz-¢.x sde-footprint.txt
Lorenz-avx.x Makeflle sde-nix-out. txt




DASHBOARD

https://https://extranet.itdi.cz/grafana/d/1Yj4zYL7k/karolina-cluster?orgld=1&kiosk&refresh=1m

O B httpsi/fextranetitdicz/grafana/d/I¥j4zYL7k/karolina-cluster?orgld= 18k

= e
=1 1208 Ty

Memory

Karolina Operational

Nodes calculating Running jObVS 405 2023-12-10 /home
Input power

Nodes free Queued jobs 189 1 6:04:49

/scratch
Nodes OFF Hold jobs 0




D A S H B O A R D IT4Innovations Karolina comesss Earsers S C R
https://extranet.itdi.cz/rsweb/karolina
Cluster usage

d C h e C k n O d e Sta t u S Allocation Load CPU Load|CPU  Analysis Custom

12 3 45 6 7 & 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
o 900000000000 000000000000000000

. 1 0000000000000 00000000000000000
* Check job status " 000000000000000000000000000000
1 000000000000000000000000000000
21 9000000000000000000000000000000
Sesasasassssesesasasasasasssss
° CheCk graphs and 21 0000000000000 00000000000000000
41 0000000000000 00000000000000000
stats L Sesesesesasasasasasassessssses
31 0000000000000 00000000000000000
31 000000000000 000000000000000000°
¥ 000000000000000000000000000000
" check energy L Seeeasessssssessssessssssssses
consumption N Seeesesesasasasasasasssseseses
41 000000000000000000000000000000
511 000000000000000000000000000000
01 000000000000 0000000000000000O0KF°
31 0000000000000 00000000000000000
61 000000000000000000000000000000
1 0000000000000000000000000000060
an OO0 00000000000 0000COCOOP O 000
31 90000000000 00000 OOOOOOONDOIONN DO
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' IT41 SUPPORT TEAM STV

- Ing. Petra LyCckova Navratilova
- Team Head

- Ing. Vojtéch Gubani

- Team Member

- Supported by IT4l SCS admin team
members and LUST team
members (CZ: Jan Vicherek)

VSB TECHNICAL | I7 _
|| || UNIVERSITY NATIONAL SUPERCOMPUTING
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IT4l SUPPORT TEAM BASIC TASKS

1. Accounts Kontakt:
support@itéi.cz

https://support.itdi.cz/

- Creating accounts (IT4l, Einfra, Lumi) - questions, links
- Administrative questions (conditions, requirements)

- Questions of a technical nature (certificates, technical connection problems,
documentation)

- 2. Projects

- Project establishment (life cycle)

- Establishing and managing projects within EuroHPC

- Extension and editing, checking the current status of the project
- Adding users to the project

- 3. Technical questions — cooperation with L2, L3

- Installing and compiling the program
- Counting/status checking

- Reporting of counting errors

- Reservation of computing capacity

V5B TECHNICAL
|| || UNIVERSITY
| OF OSTRAVA


mailto:support@it4i.cz

REQUEST TRACKER PORTAL

Reports Tools Logged in as

. . Create new ticket
https://support.itdi.cz/

Display History Basics People Dates Links  Jumbo Reminders  Actions v ] @

#33435: Screen on Karolina login nodes

Ticket metadata &
The Basics & Reminders
Id: 33435 New reminder:
Status: open Subject:
SLA: Support_?_dBH 20D Use string /open at the beginning of the Subject field to reopen this ticket automatically after Due.
Priority: Low i Owner: Nobody in particular o
Queue: Support Due:

Feedback g
FeedbackRate: (no value) Dates &
FeedbackComment: (no value)

Created: Wed MNov 03 15:20:11 2021
Starts: Wed MNov 03 15:20:11 2021
Started: Wed Nov 03 15:23:17 2021

Custom Fields s Last Contact: Mon Nov 08 16:11:26 2021
AssigneeSupport: SCC-L1 Due: Fri Dec 03 15:20:11 2021
Tags: (no value) Closed: Wed Nov 03 15:23:17 2021

Updated: Mon Nov 08 16:12:24 2021 by support_07 (DAY SHIFT COMMENT)

People g
Owner:siw019 (Jan Siwiec) Links 4
Requestors: jansik (Branislav Jansik) Depends on: (Create)
Cc: .
R Depended on by: (Create)

Parents: (Create)
Children: (Create)

Refers to: (Create)

More about the requestors

. . . . Referred to by: (Create)
jansik (Branislav Jansik) User Summary

Create new Dependson~ Ticketin  Support~
K-JOBS B-JOBS
Username: jansik
Realname: Branislav Jansik



REQUEST TRACKER PORTAL

Search Tickets... Create new ticket

Reports Tools Logged in as

https://support.itdi.cz/rt/

#33435: Screen on Karolina login nodes

Display History Basics People Dates Links  Jumbo Reminders  Actions v ] @

Ticket metadata

o
The Basics 4 Reminders
Id: 33435 New reminder:
Status: open Subject:
SLA: Support_?_dBH 20D Use string /open at the beginning of the Subject field to reopen this ticket automatically after Due.
Priority: Low i Owner: Nobody in particular o

Queue: Support

* Feedback rating

Feedback

FeedbackRate: (no value) > &
FeedbackComment: (no value) 03 15:20:11 2021
03 15:20:11 2021
* Feedback comment
Custom Fields 08 16:11:26 2021
AssigneeSupport: SCC-L1 Due: FriDec U3 15:20:11 2021
Tags: (no value) Closed: Wed Nov 03 15:23:17 2021
Updated: Mon Nov 08 16:12:24 2021 by support_07 (DAY SHIFT COMMENT)
People g
Owner:siw019 (Jan Siwiec) Links &
(R:z(.]uestors: jansik (Branislav Jansik) Depends on: (Create)
Ad;ninCc: Depended on by: (Create)

Parents: (Create)
Children: (Create)

More about the requestors . Re;etrs :3: Ereaze:
. . . . eferred to by: (ureate
jansik (Branislav Jansik) User Summary

Create new Dependson~ Ticketin  Support~
K-JOBS B-JOBS

Username: jansik
Realname: Branislav Jansik



TRAINING

https://events.itdi.cz/

Dec 13 - Dec 14
[HYBRID] High-Level Synthesis for FPGA

Dec 12 - Dec 13

[ONLINE] Programming in
heterogeneous environments with SYCL
and OpenMP offloading

V5B TECHNICAL
|| | UNIVERSITY
| OF OSTRAVA



Branislav Jansik
branislav.jansik@vsb.cz

IT4Innovations National Supercomputing Center
VSB — Technical University of Ostrava

17. listopadu 2172/15

708 00 Ostrava-Poruba, Czech Republic
www.it4i.cz
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DEUCALION INSTALLATION

Supercomputer

Next generation
x86 general
purpose system
as the
powerhouse for
conventional
digital

simulations
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Univarsidad de Minho

State-of-the-art
Arm general
purpose system
with the short-
term objective
of building HPC
science and
engineering
Capacity

Gpu accelerators

on 10% of the
x86 su bSystem
mainly devoted
to data science

appliCations

Y A

1B E

Experimental
technologies
towards
innovative
architectures
with potential
for exascale

High
perfOrmance
dependable

storage system
with 10 pb net
capacity
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Ambitious
power usage
effectiveness
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DEUCALION INSTALLATION

UCALION

para a Ciéscia
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Universidada da Minha

a8
e e
b

o



I

DEUCALION INSTALLATION

1670 nodes ARM A64FX

500 Nodes AMD Rome

33 Nodes AMD Rome + 4 NVidia A100

1670 nodes ARM

High level architecture

X2é Compute chuster

gq!ggg!gg
gﬂ_;ggﬂgﬂ

High-speed temporary storage

Arm v& Compute cluster

L 4

ARM 1B switch network
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DEUCALION INSTALLATION

Partition Node

Resource Value
Name Range

Min node =1 node
Max node =16 nodes (768 cores)
small-arm cna[0001-1632] Default walltime = 5 min
Max walltime = 2 hours
DEFAULT = Yes

Min node =1 node
Max node = 96 nodes (4608 cores)
Default walltime = 5 min
Max walltime = 48 hours (2 days)

normal-arm cnha[0001-1632]

Min node =1 node
Max node = 256 nodes (12288 cores)

el el s (e s Default walltime = 5 min

Max walltime = 48 hours (2 days)
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varsidada de Minha




DEUCALION SLURM QUEUEING
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varsidada de Minha

Partition Name

small-x86

normal-x86

large-x86

al00-40

Node Range

cnx[001-500]

cnx[001-500]

cnx[001-500]

gnx[501-516]

gnx[517-533]

Resource Value

Min node =1 node
Max node = 8 nodes (1024 cores)
Default walltime = 5 min
Max walltime = 2 hours
DEFAULT = Yes

Min node =1 node
Max node = 24 nodes (3072 cores)
Default walltime =5 min
Max walltime = 48 hours (2 days)

Min node =1 node
Max node = 64 nodes (8192 cores)
Default walltime = 5 min
Max walltime = 48 hours (2 days)

Min node =1 node
Max node = 2 node (8 GPU cards)
Default walltime = 5min
Max walltime = 48 hours (2 days)

Min node =1 node
Max node = 2 node (8 GPU cards)
Default walltime = 5min
Max walltime = 48 hours (2 days)
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USER SUPPORT PORTAL
(UNDERDEVELOPMENT)

System Status and Health

User Account Request

User Management
« Contact Profile Information
« SSH Keys Management

« TOPT Device Management
Project Allocation Management (EuroHPC/National)
« Available Resources
« Team Members
« Resource Consumption Report }
« Energy Consumption Report

.
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-3 EuroHPC —_— g
== JzrkUrdeabag [
“:Jl 4 Cidecia
w & Tecnslegia Universidada de Minha
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USER SUPPORT PORTAL

(UNDERDEVELOPMENT) Ticket Created

¥

Assigned to Work with

« Knowledge Base L2 Support L2 Support
o Tutorials H

o Documentations 2
o Best Practices System . > Assig;ned to
Level L1 Support

« User Ticket System i
o User Tickets ' |
o Support Chat Special - Advanc 5 Assigned to
Process Support L3 Support
.......................................... 5 ]
Solved P Work with
user

v
.

17 4
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M
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—
Fardacia
para a Ciéscia
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DEUCALION ACCESS + ADDITIONAL SERVICES

« Usual SSH Access
e SSH Key + TOPT

« Open OnDemand
- Jupiter Notebooks/Lab
* R Studio
« X/Gnome GUI Environment

nDemand

velcome to LEBNL Lawrencium Supercluster

Active Jobs

AStudo Server
. Interactive Apps [Sandbox)
—
|

& MATLAR

« Singularity Containers

" VD

LBNL OnDemand  Fles- Jobs- Clusters~  Inceractive Apps~- @ o Develop~  © Help -

& Log Out
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AVAILABLE RESOURCES

X86 ARM GPU

Total 560.640.000 686.220.000 1.156.320

EuroHPC 196.224.000 24.087.700 404.712
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Joao Barbosa
jbarbosa@macc.fccn.pt
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www.discoverer.bg

PetgSC Bulgaria
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TECHPARK

COOLING SYSTEM CHALLENGES

Planning in 2020

Extreme quality benchmarks
Sustain the future — Make it green

lterative approach due to constantly
improving technology of the
Supercomputer

Build to suit
Customized engineering solutions

N+1 Redundancy

Doing in 2021

« COVID-19 & Lockdown

* Supply chain obstructions

* Winter season

* Tight time schedule

* International stakeholders' collaboration

» Strict EU & State government
supervision

Petaq

SC Bulgaria
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DL What is DISCOVERER g5 - EuroHPC

Joint Undertaking
Sofia Petascale Supercomputer

» Discoverer is a Petascale supercomputer can execute:
* 4,6 PetaFlops Rmax
* 6,0 PetaFlops Rpeak
[ 1 PetaFlops= 101> Flops = 10° Flops x 10° Flops ]
» Inin oct 2021 Discoverer was ranked at 91st place among 166th
the worlds top 500 supercomputers (in oct 2023 it is 166t) ot
» Discoverer’s infrastructure is co-funded by EuroHPC JU n (91 )
(35%) and by PetaSC and the Bulgarian government r | 500
(65%)

The List.

» PetaSC Bulgaria is a legal consortium combining the
knowledge and 15 years of expertise

» Discoverer’s mission & vision:
— To foster better science for society

— To facilitate innovations by establishing deeper
collaborations between academic institutions and the
business

— To help training the next generation IT talent

PetaSC Bulgaria



System Architecture & Specs % DISCOVERER

Sofio Petascale Supercomputer

12 Direct Liquid Cooling BullSequana XH2000 Racks with up to 32 blades per
rack. i.e. Discoverer has 376 blades (12x32-8=376)

376 blades x 3 nodes/blade = 1128 computing nodes

e 2 x AMD EPYC processors per node i.e. Discoverer has in total of 2256
AMD EPYC CPUs (2.6 GHz normal freq)

e 256 GB shared memory per node with 18 fat nodes with 1024GB RAM
(3200MT/s DR)

2s
(1128x256+18x(1024-256)=316

1 total capacity of 2 PB (LustreFS)
and storage) infrastructure
)R with DragonFly+ topology

ower failure using an
ut of 1 MW.

. total power consumption of




Additional Resources & Forthcoming upgrade

Additional Infrastructure (EuroHPC independent)
* 2 Palo Alto FW 5250 running in active-passive mode

* Separate DiscoCloud portion and small storage for containers (Kubernetes) — targeted
commercial use and costumers with special recrements

. . . . . . Firewall

* Access to Discoverer resources via Nimbix (HPC as a Service — commercial use only) throughput2 (App- 35.9 Gbps
ID enabled)

* Secondary (block NFS) storage - 130TB NVMe and 92TB SSD Threat prevention 20.3 Gbps
throughput3 .
IPsec VPN
throughput 14 Gbps

Max sessions 8,000,000

Forthcoming Discover+ upgrade
* Small GPU partition based on NVIDIA H100 (4 DGX with 8x100H or equivalent)
* Storage upgrade (mixed block and object)- 1-0.5 TB NVMe and 4-6TB SSD/HDD
* Secondary UPS (200kW)

* Security software

PetaSC Bulgaria



R0 Discoverer Access Policy DISCOVERER

Sofia Petascale Supercomputer

EuroHPC has 35% resource share from the Discoverer’s resources, which will be allocated via regular calls for:
* Regular HPC projects (~80-90%) (for projects that require significant amount of HPC resources)
* HPC project benchmarking (few %) (to determine project suitability & scalability, which is prerequisite to apply for a regular project)
* HPC Software Development & benchmarking (few %)
* Fast Track applications (~10%) (for example to get extra data quested during the peer-review process of previous project)

EuroHPC calls will be organised via PRACE and are targeting pan-EU HPC projects including academic & industrial
applications (with 80:20 split — see bellow)

PetaSC’s resource share is 65% and it will be allocated using similar to EuroHPC access policy

PetaSC calls will be organised by PetaSC’s Scientific & Applicant Board and the applications will be assessed by national &
international scientific panel.

For both EuroHPC (35%) and PetaSC (65%) share, there an additional (min)80:(max)20 split between free access for purely
scientific/non-profit and paid access for industrial/for-profit applications.

* the distinction between free & paid access will be made on the base of results dissemination, where free access projects have obligation to

openly share the all results from the project, while paid access calls can retain (part of) their results and use them for-profit /business
proposes.

* i.e. consortium from academic & industrial partners can qualify for free access to the Discoverer, provided they prepare suitable project
proposal, apply for a call and get selected by the panel and after project end to openly share all the data and results from the project.

PetaSC Bulgaria



@ Resources and Control Policy DISCOVERER

Sofia Petascale Supercomputer

* Slurm is employed as a queue manager and controls the utilization of computation resource:

By default, (if no account is specified) the jobs are assigned to the default account “normal”, where no resources are available

For each HPC project all team members utilize a pool of resources (limits) defined by a Slurm account: GrpTRES, GrpTRESMins, MaxJobs,
MaxSubmit, MaxWall

At least one QoS is associated to every Slurm account to control the way the resources are available to spent or to re-define some of the limits (the
default QoS just imposes the flags DenyOnLimit and NoDecay)

Additional QoS is associated to certain Slurm accounts upon request if some of the limits described in the Slurm account need to be redefined, for
instance running the job or more nodes than the account allows, but with reduced wall time (re-defines MaxWall)

Some of the development projects may require QoS-es to set different job priority in case they need a test queue with lesser job priority and
shorten wall time

* Good vs bad behaviour

Estimating and maximizing the productivity of long runs based on series of short runs is considered good behaviour (less electricity spending to
derive more results)

Using the optimized libraries and other application software available in the public software repository (maintained by our support team) in favour
of creating an uncontrolled number of Conda virtual environments (leads to extra occupation of the file system) is also considered a good
behaviour

Reporting problems immediately after they are detected is an example of a good behaviour
Running jobs on the login nodes is considered a very very bad behaviour

Running poorly optimized software and simulations is always considered very very bad behaviour

PetaSC Bulgaria



2R Resources, Helpdesk & Energy DISCOVERER

Sofia Petascale Supercomputer

Due to some limitation related to the employed object storage (Lustre), we currently support only Singularity containers
* Currently only one project actively uses Singularity containers (related with image processing from the telescope in Rozhen observatory)
* A new storage system is being implemented and it will allow to provide local registries with pre-defined rootless Podman containers

* NVMe over Fabrics is already available on Discoverer’s secondary block storage (until the upgrade available only for selected number of EuroHPC users)

Helpdesk is organized to be time-effective:
* 1n99.3% of the cases, the reported issues are solved within 24 hours

* In0.5% of the cases it takes up to 72 hours to address the issue (compiling and testing new libraries upon request, bugtracking software, profiling)

* In 0.2% of the cases it takes more than 72 hours to solve the reported problems

Documentation is public and available online:

*  We support the web-portal https://docs.discoverer.bg whereupon most of the information needed by the users for accessing discoverer and running jobs
is available

* The documentation portal will receive a massive update in January
* Python-related documentation is available as a separate web-portal at https://py.discoverer.bg

In H1 2024 we will start tracking the energy use:
* Slurm can collect information about the power consumption related to each running job across the cluster

* To estimate the indirect power consumption we want to include in the estimate the electricity spent on cooling and running the auxiliary systems
(switches, monitoring hosts, UPS-es)

PetaSC Bulgaria



2 Software & Target Application Areas DISCOVERER

Sofia Petascale Supercomputer

Open-source Software (short list)
* Bioinformatics / Genomics (BLAST/RAY/EXCALATE/(HAD)DOCK/ROSETTA)
* Computational & Quantum Chemistry (CP2K/CPMD/Quantum Expresso/ GAMES)
* Molecular Dynamics & Mesoscale Modelling, Monte Carlo (GROMACS/NAMD/LAMMPS/DL POLY)
* Computational Fluid Dynamic / Finite Elements Methods (Open FOAM/Alya/SALOME)
* Al /Big Data Analytics (Tensor Flow/Python ML Libraries /NEURON)

Application Areas:

* In-silico Drug Discovery

* Structure-Property Predictions & Molecular Discovery

* Digital Product Formulation & Optimization

* Climate & Weather Forecasting / Environmental Modelling
* Simulated Environments in Automotive & Civil Engineering
* FinTech/MarkeTech & Big Data (DL/ML/AI)

PetaSC Bulgaria



HPC Vega quick facts VEG

TOPS00 LIST - JUNE 2021

1st operational EuroHPC JU system et s e
In production since April 2021
HPC Infrastructure 17 MIO EUR

500

The List

Operation est. costs 30 MIO EUR in 8 years

iy Mg~ REPUBLIC OF SLOVENIA
C* * = MINISTRY OF EDUCATION,
C SCIENCE AND SPORT
Atos BullSequana XH2000 ( N\
HPC

Performance 6.9 PFLOPS

1020 Compute nodes (60 with 4xA100 GPUs), ) |

|  Power Usage Efficiency, PUE < 1.15
18 PB Large Capacity Storage Ceph

1 PB High-Performance Storage Lustre
Hyper-Connected 600 Gb/s



K4
Share of Resources VEG A

Slovenian national
65% of all capacities — national share, divided: S L I G PG
e upto 70% for Open Access
 up to 20% for Commercial Access (Industry and other)
 from 10% upwards is Hosting Entity (IZUM) reservation
* Community Access, Urgent Priority Usage
* Continuous Maintenance

® EuroHPCJU

m S|

35% of all capacities — EuroHPC JU share: EuroHPC
 any EU organization can apply for calls
* independent calls for allocations Partition Nodes Corehours  Storage
* users and projects must be approved by EuroHPCJU ¢y standard 260 301.400.064  63PB

/ CPU large memory 67 75.125.760 \

Resources available for EuroHPCJU oy pariition o1 23.546.880 \

https://doc.vega.izum.si/shares/




Slovenian national
S LI G supercomputing V E G A
network

EU Projects supported

Funded projects supported: Non-funded projects/activities supported:
* |nterTwin: e  EuroCCSLING
’ Full exploitation of HPC Vega infrastructure . Promotional activities, focused on Industry users
e FEPICURE (AdV. App. Support) e MaX3, MultiXscale CoEs:
* 2 FTEs(11ZUM, 1]SI), starts 1. 2. 2024 *  Configuration of Environment
. Using National and EuroHPC JU share
*  SMASH (MCSA COFUND) . Others:

*  On-boarding first Postdocs
5 . European Digital Infrastructure Consortium (EDIC) —

national resources reserved

e EUmasterdHPC;

. . . . High-level App. Support help for Leonardo
. Preparing offers for internships 5 PP SUPP P

. CASTIEL2, Container Forum



User Documentation and Support

doc.vega.izum.si/eurohpc-access/

HPC Vega - IZUM, Maribor, Slovenia

HPC Vega - IZUM, Maribor,
Slovenia

Overview

Introduction

Specifications

Architecture

Instructions

Summary

Get Access v

Cluster Access
EuroHPC Access
SiGNET Certificate

Getting Started >
SSH Key Management >
Login information

File Management >
Software >
Job Submission >

FEuroHPC Access

Please refer to the eurohpc JU Access Policy and Benchmark and Development calls page for the
conditions and criteria applied to the calls.

More informations about getting access (eligibilty and assessment criteria) for HPC users are
available in the following link: hittps://prace-ri.eu/hpc-access/eurohpc-access/.

Procedure for Access HPC Vega after accepted proposal

After the proposal is technically reviewed and accepted, the applicant will receive a confirmation
message from support@sling.si with a request to send his SSH public key to log in to the system.
Our support team will then copy applicant's SSH public key to Fido. No Fido Access is granted to
EuroHPC applicants. If applicant wants to change his own SSH Public Key, then new public key to
support@sling.si should be send.

https://doc.vega.izum.si/

VEG

Technical Support

First-level support (info, access,
login, etc.) is provided by SLING.
Users always send emails only to
support@sling.si.

Second-level support is intended for
HPC Vega specifics (e.g., missing
software on the cluster, problems with
compiling, scalability). First-level
support sends tickets to Vega system
administrators and development
engineers.

Third-level support is intended for
science disciplines in specific research
domains (e.qg., issues with provided
results). It is organized with domain

experts within the National
Competence Center or Slovenian
EuroCC.
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EUROHPC JU SUPERCOMPUTERS

State-of-Play and Upcoming Systems

Vangelis Floros | 11 Dec 2023 | EuroHPC User Day
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HYPERCONNECTIVITY {
2025 =

Arrhenius (SE)

EXASCALE EuroHyPerCon study

* Analysis of current state-of-the art
PRE-EXASCALE * Stakeholder consultation
* Needs analysis
e Blueprint of the next decade connectivity

PETASCALE https://eurohypercon.eu/

User Survey
MID-RANGE https://eurohypercon.limesurvey.net/788866

0
MareNostrum 5 (ES) \

1L

Deucalion (PT)



FEDERATION d
2024+ =

Federate HPC resources across all G
[ ]
EuroHPC systems o
h . . harivat: d CASPIr ('E)
° io
Authentication, Authorization an it an S

Identification services (AAl)

oo )
o

SIS EHPCPL (PL)

Computing services Federation services procurement

- Interactive Computing

- Cloud access - Virtual Machines -
Containers

Karolina (CZ)
* Competitive Dialogue

e Start of implementation end-2024

cxm
cxm
ega(Sl) oxm | . ente (HU)

Data services

- Archival Services and Data repositories [ ]
- Data mover / transport services G iy Dlstoveser (be)
b e
o
* User and Resource management LeOREL) ——
[--- ]
Deucalion (PT) B o
E \
MareNostrum 5 (ES)
[--- ]
[--- ]
.

Daedalus (GR)



TIMELINE OF UPCOMING SYSTEMS

e
LcONARDO

LT UM JUPITER

]

MN5 - gf}f?ALus

MARENOSTRUM \

JULES VERNE

-mgm mmmm

2023 2024 2025 2026-2027

Other Mid-range

Upgrades > Upgrades

Federation/Hyperconnectivity

Industrial Systems
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THANK YOU
.
"2 %327 EuroHPC
t*

For more information, feel free to visit our website and

@ eurohpc-ju u @eurohpc-ju

eurohpc-ju.europa.eu @ @euroHPC_JU

E HPC
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Brussels, Belgium - 11 December 2023



Coundnes which hawve signed
the EuroHPC Declaration

. LUKI Consarfium countries

LUMI - Introduction ii

CSC Datocenter in Kajoani

* LUMI is one of the three European pre-
exascale supercomputers.

* HPE Cray EX supercomputer consisting of
several hardware partitions, all connected
via a HPE Slingshot 11 high-speed
interconnect.

* As of 11/2023, LUMI ranks fifth on the
Topsoo list and is currently the fastest
supercomputer in Europe. The aggregated
HPL Linpack performance of LUMI-G is

379.70 PFlop/s.

* More information: https://www.lumi-
supercomputer.eu/

www.lumi-supercomputer.eu  #lumisupercomputer #lumieurohpc




LUMI - Hardware

Coundnes which hawve signed
the EuroHPC Declaration

. LUMI Consortiurm countries

|

i * The primary compute pbwer is found in the LUMI-G

Modem architecture

LUMI- ="

-
nstinc ™ RI2ZEEN G

with 4 AMD MI250x GPUs and a single 64 cores

hardware %ar‘cition which consists of 2978 nodes
‘ AMD EPYC "Trento" CPU.

— L-C.

AMD EFYC CPU conas

|

Supplamantary CPU
partiticn: 200,000

Flameiva Sl

kan with
52 T8 of mamarny an

LMo ——
3t I'.
'I' s by y ard
3 graphics GPUs for cata
onalyfics ond visuoioation

* The LUMI-C hardware partition consists of 2048
CPU based comEpute nodes, each of them equipped
with two AMD EPYC 7763 CPUs with 64 cores each
running at 2.45 GHz for a total of 128 cores per

LUK High-spaad
- interssnnect JtIaS X

ering shoring ard Hagng dots

node. The cores have support for 2-way
simultaneous multithreading (SMT) allowing for up

> | . TR to 256 threads per node.
<L |l e " - -
e — e oS copoetmy. * The LUMI-D partition consists of 16 nodes with
g large memory capacity, of which 8 nodes also
iy - feature Nvidia visualization GPUs. LUMI-D is
3078 sncrypted atfect rage (Cogh) o ‘ T s intended for interactive data analytics and

* Job scheduling system: Slurm based on a fair share
policy configuration with a priority rate based on job
age.

www.lumi-supercomputer.eu

visualization.

* Storage: LUMI-P (80PB Lustre parallel filesystem),
LUMI- I\sl?PB accelerated flash-based storage layer)
and LUMI-O (30PB encrypted object storage)

e More information: https://docs.lumi-
supercomputer.eu/hardware/

#lumisupercomputer #lumieurohpc 3



Coundnes which hawve signed
the EuroHPC Declaration

. LUK Consartium countries

LUMI — Energy ii

T N
N N . .

O LUMI is using 100% hydro-
] O 0 / powered energy. LUMI’s
O waste heat is used to heat

HYDROELECTRIC hundreds of households in

ENERGY the city of Kajaani.

T N N
N, W,

Top Energy-Efficient *

HPC Achievement

LUMI

www.lumi-supercomputer.eu  #lumisupercomputer #lumieurohpc



Coundnes which hawve signed
the EuroHPC Declaration

. LUK Consortium countries

-

A European collaboration

* Ajoint endeavour between EuroHPC £SC Datacenter in Kojaari

JU and 11 consortium members:
Belgium, Czech Republic, Denmark,
Estonia, Finland, Iceland, Norway,
Poland, Sweden, Switzerland and The
Netherlands.

* The resources of LUMI are allocated
per the investments. The share of the
EuroHPC JU (50%) is allocated by a
peer-review process:

CPU-core hours GPU-node hours Storage (TB hours) r'i‘

1,460,417,900 95,720,200 505,676,300
2024 EuroHPC JU allocation capacities

www.lumi-supercomputer.eu  #lumisupercomputer #lumieurohpc




Coundnes which hawve signed
the EuroHPC Declaration

LUK Consartium countries

LUST - a unique user support teaw

high-performance computing

C5C Datacenter im Kajoani

* Centralized virtual help desk run by
the distributed LUMI User Support
Team

* The modelis based on a network of
dedicated HPC experts

e Each partner provides 1 FTE/year

* Level-3 support via local centers,
EuroHPC Competence Centers, HPE
and AMD

* National support for issues with
accounts and allocations

www.lumi-supercomputer.eu  #lumisupercomputer #lumieurohpc 6



. Countries which have signed
the EuraHPC Declaration

. LUK Consortium countries

LUST - a unique user support team I%I

LUMI

high-performance computing

C5C Datacenter in Kajoani

* LUST main activities

* Help desk from Monday to Friday 8-18
CET (9-19 EET)

* User documentation

* Computing environment
* User training
* Hackathons

* Benchmarking, porting, optimization
consultancy

* Full machine runs

www.lumi-supercomputer.eu  #lumisupercomputer #lumieurohpc PP



high-performance computing

LUST - a unique user support teaw

* Computing environment

* The LUMI software stacks contain the
software that are already installed on
LUML.

* CrayEnv offers the Cray Programming
Environment (PE)

* LUMI is an extensible software stack
that is essentially managed through
EasyBuild.

* Container repository

* Local software stack for local
organizations to manage their own
software installation

www.lumi-supercomputer.eu

Coundnes which hawve signed
the EuroHPC Declaration

LUK Consartium countries

C5C Datacenter im Kajoani

&
»
2

#lumisupercomputer #lumieurohpc




Coundnes which hawve signed
the EuroHPC Declaration

LUK Consartium countries

LUST - a unique user support te In
high-performance computing a%

C5C Datacenter im Kajoani

* User training

In collaboration with HPE and AMD
LUMI-C environment and architecture

LUMI-G hardware and programming
environment

Hackathon
More specific trainings: EasyBuild, ML
frameworks, profiling...

www.lumi-supercomputer.eu  #lumisupercomputer #lumieurohpc




Coundnes which hawve signed
the EuroHPC Declaration

. LUK Consortium countries

LUST - a unique user support team i
high-performance computing %

C5C Datacenter im Kajoani

* Porting & optimization

* CoE (HPE & AMD) + LUST effort
* 6 projectsin 2022 (e.g.
QuantumEspresso, Megatron-LM, SLIM,
tmLQCD & PLEGMA, GPAW) and 5
projects in 2023 (TurboGAP, Vlasiator,
Genesis, HMSC & SIESTA)
* Interviews
* Consultancy
* Testing
* Optimization

www.lumi-supercomputer.eu  #lumisupercomputer #lumieurohpc

10



LUMI

Follow us

Twitter: @LUMIhpc

LinkedIn: LUMI supercomputer

YouTube LUMI supercomputer

www.lumi-supercomputer.eu

contact@lumi-supercomputer.eu

www.lumi-supercomputer.eu  #lumisupercomputer #lumieurohpc

The acquisition and operation of the E uroHPC

supercomputer isfunded jointly by the E uroHPC Joint verage fro PR ¢

Undertaking, through the European Union's Connecting the E U LI REGIONAL COUNCIL
Europe Facility and the H orizon 20 20 research and 2014—2020 European Union OF KAINUU
innovation programme, aswell as the Participating Guropear Regiona [

SaesFl, BE, CH, CZ DK, EE, IS,NO, PL, SE.

EURO



Leonardo in production

EuroHPC User Day Brussels 11.12.2023

Andrew Emerson, HPC Dept, CINECA

- . JLEONARDO
— CINECA




Leonardo https.//leonardo-supercomputer.cineca.eu

F

 Jointly funded by Italy and
EuroHPC

» Located at the Bologna
Tecnopole (“Science Park”)

 Many innovations including
warm water cooling (37 °C ->
°47 C)

Remains of roman road found when
preparing for Leonardo. Tombs, wells and
water channels were also discovered.

Built on the site of an ex-tobacco factory ———————————————————————————————

. . B . JILEONARDO
designed by Pier-Luigi Nervi ~ " CINECA




TOP500

Rmax Rpeak Power
Rank  System Cores [PFlop/s] [PFlap/s) (kW1
1 Frontier - HPE Cray EX235a, AMD Optimized 3rd 873012 1.102.00 1.685.65 21,100
Generation EPYC 84C 2GHz, AMD Instinct MIZ50X,
Slingshot-11, HPE
DOE/SSC/Dak Ridge Mational Laboratory
United States
2 Supercomputer Fugaku - Supercomputer Fugaku, 7,630,848 46201 53721 29899
Ab4FX SBC 2. 2GHz, Tofu interconnect D, Fujutsu
RIKEN Center for Computational Science
Japan
3 LUMI - HPE Cray EX235a, AMD Optimized 3rd 2,220,288 309.10 42870 6016
Generation EPYC 64C 2GHz, AMD Instinct MIZ50X,
Slingshot-11, HPE
EureHPC/CSC
Finland
& Leonardo - BullSequana XHZ000, Xeon Platinum 8358 1,463,614 174.70 255756 5,810

J2C 2.6GHz, NVIDIA AT00 SEM4 64 GEB, Quad-rail NVIDIA
HOR100 Infiniband, EVIDEN

EurcHPC/CINECA

Italy

LUMI - HPE Cray EX235a, AMD Optimized 3rd Generation 2,752,704 371970 53151 7.107
EPYC &4C 2GHz, AMD Instinct MIZ50X, Slingshot-11, HPE
EuraHPC/CSC
Finland
Lecnardo - BullSequana XH2000, Xeon Platinum 8358 1,824,748 238.70 0447 T.4D&
32C 2 GHz, NVIDLA A100 SXM4 &4 GB, Quad-rail NVIDIA
HDR100 Infiniband, EVIDEN
EuroHPC/CINECA
Italy
Summit - [BM Power Systern AC322, IBM POWERS 22C 2,414 592 148.40 200079 10,098
3 .07GHz, NVIDIA Volta GV100, Dual-rail Mellanox EDR
Infiniband, IBM
DOEfSC/Dak Ridge Mational Laboratory
United States
MareMostrum 5§ ACC - BullSequana XH3000, Xeon £80,940 138.20 26557 2,540
Platinum B4460Y+ &0C 2 3GHz, NVIDIA H100 44GE,
Infimband NOR200, EVIDEN
EurcHPC/BSC
Spain
dropped only two places in 1 year
LEONARDO

C

INECA



Numbers

<

| LEONARDO'S NUMBERS

155 4992 250 2800

SYSTEM RACKS COMPUTING NODES PETAFLOPS TB OF RAM
MW IN OPERATIONS PE OF STORAGE M2 FOOTPRINT HEAT DISSIPATION VIA DLC

PRE-PRODUCTION : April 2023
Full PRODUCTION FROM: MAY 1st 2023

W ﬁLEDNﬁR:\D
e, \ CINECA




In detall

BOOSTER MODLULE DATA-CENTRIC MODIULE

mamd BoOoster Module
3456 NODES 1536 NODES

St il « 3456 nodes consisting of 4xNVIDIA A100 GPUs and 1 x32-core Intel
Ice Lake CPU

* 512 GB RAM/node

» 89.4 TFLOPs peak perf per node

Low latency Interconnect 200005

smaaad Data Centric Module

T apR ATRE e - + 1536 nodes with two Intel Sapphire Rapids CPU/node (40 cores*)

SERVICE PARTITEDMN

Lasagin Moo
Wisuz ization Modes
Snryice & rrge

samd Network

* Infiniband network of 200 Gb/s
* Dragonfly topology

Data Storage

* Over 200 PB total storage
» Fast Tier - 24 x 7,68 TB SSD NVMe with encryption support
» Capacity Tier -82 x 18 TB HDD

JLEONARDO
CINECA




Data — Centric partition

1500 nodes consisting of BullSequana
X2610 compute blades.
Each node contains:

« 2x Intel Sapphire Rapids, 56
cores, TDP 350 W

« 512 (16 x 32) GB RAM DDR5
4800 MHz

e 1 x NVidia HDR100 100 Gb/s
card

« 8TB NVM

Coming Soon

| ;§LEDNARDD
i CINECA




Next steps

LISA (Leonardo Improved Supercomputing Architecture)

S_—
-
=

New Capacity partition

High memory-bandwidth computing nodes

Imk; New Accelerated module
* New acceleration module based on next generation GPUs

E Will result in an increase in performance of 100 Pflops

—
FLEONARDO
CINECA



Pre-production

LEAP Leonardo Early Access Program

* |n agreement with EuroHPC, CINECA opened
a call for early access to the Booster module
of EuroHPC Leonardo (Jan — May 2023)

 Requirements: production-ready, highly
efficient applications able to exploit fully the
hardware, potentially the whole cluster

* Pre-production — no guarantee of providing all

resources requested, or non-predicted
downtimes.

‘32 core hours= 1 node hour =4 GPU hours

83 projects submitted
20 projects accepted

Consumed Core hrs (millions)

42332602

9.‘\
129 !

= CFD = Astrophysics Fundamental Physics
Nanophysics = Geophysics = Chemistry

= Particle Physics = Machine Learning

i

JLEONARDO
CINECA




Production — EuroHPC Resource allocations

Extreme Access Allocated
(M core hrs)

13.

WParticle Physics
ECondensed matter Physics
85 EComputational Chemistry
BCFD

WAl & Machine Learning

188.1

75.5

Many new requests for Al
and ML — often with very high
storage and data transfer
requests

Allocated Regular Projects (M

Chemistry
41%

Matter
Physics
43%

Total Numbers of projects in benchmark
/development

18
16
14
12
10
8
6
4
A .
O | | | | |
RISIONF S PRI CNCRFC NS
F O @ & & g ¢ OV
@ D F & e &S O
RO SN N N R S
N F LN E &P N
& XY ¢ &N °
W (\6 > \‘)\,’b ,z;\»o L Q@
WS & LSS
RaliBXS AN SR PO I <
L F O P «? 2
éo &Q o O &
SRR e
> O

DESTINATION EARTH
18.05 M core hrs
allocated

H Totale

';%LEDNARDD

CINECA



Example Horizons Europe project : LIGATE
il

=

* LIGATE aims for an integrated solution for drug discovery using HPC, virtual screening, e
workflow software and Al.

« Key difficulty is the scoring function which identifies which molecules bind to the target.

* On Leonardo we aim to perform 500-1000 Gromacs molecular dynamics simulations /
month, each 1 us.

* The results will be used to train an accurate ML model for screening new drugs.

—

FAST FLEXIBLE. FREES}‘ molecule
GROMACS é’ﬂ database el
.___.u-i _ﬁ‘.___ training data N scoring function
) [ : B g o - - |: .,.'-.r | :) . . | :)
Experimental data L . - |
B8 Qg
..l}-\."' 1:
>4000 MD simulations ML model filter by score function

J LI GATE JILEONARDO
~ CINECA



Leonardo for Users

« LEONARDO is in full production

* Access for users via SSH and 2 factor authentication (2FA HPC
is imposed by ltalian security regulations) HighPefrmaree Comouting

They-apha e u,l;l..l:-.'-'. aviy 0
fou nezd tn refresh the tzne bn cee upiated alies

» User registration completely online
* One username can access multiple budgets

 Home, Scratch, Work and Project areas allow for different
data storage and sharing.

* Currently lacking long term archive storage (DRES ) and I
fast network to CINECA main systems (Leonardo is at a

different site)
* Real-time status of HPC systems via web portal (new)

* Use Support via tickets system superc@cineca.it
» Extensive training opportunities for staff and users for support requests
* On-site Nvidia staff for training and support
A Bieonanoo




THANK YOU! \

“The acquisition and operation of the EuroHPC supercomputer is funded jointly by the EuroHPC Joint Undertaking under grant agreement
No cnect.ddg1.c.2(2019)8804531 - LEONARDO supercomputer, through the European Union’s Connecting Europe Facility and the
Horizon 2020 research and innovation programme, as well as the Italian Ministry of University and Research.

This project has received funding from the European High Performance Computing Joint Undertaking (JU) under grant agreement No
cnect.ddg1.c.2(2019)8804531 - LEONARDO supercomputer. The JU receives support from the European Union’s Horizon 2020 research
and innovation programme.

e _.—
JLEONARDO

A ~"CINECA




Barcelona

Supercomputing 4
Center

€entro Nacional de-Supercomputacion

~
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TN Generalitat de Catalunya : . UNIVERSITAT POLITECNICA AN UNION EUROPEA
Departament de Recerca S DE CATALUNYA <

Fondo Europeo de Desarrollo Regional

S8UY i Universitats " £ BARCELONATECH
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-
on and operation of the EuroHPC supercomputer is funded jointly by
e EuroHPC Joint Undertaking, through the European Unien’s Connecting
Europe Facility and the Horizon 2020 research and innovation programme, as
well as the Participating States Spain, Portugal and Tiirkiye




InfiniBand NDR 200
Fat Tree

Spectrum Scale File System a | e e (o e

248 PB HDD

2,81 PB NVMe | =
402 PB tape i L

— %

_—

A4

January 2023
January 2024

o L A
tion and operation of the EuroHPC superco}n%er is funded jointly by = l l /
" the EuroHPC Joint Undertaking, through the European Unien’s Connecting (( w e ;
Europe Facility and the Horizon 2020 research and innovation programme, as _ Conter i ,
well as the Participating States Spain, Portugal and Tiirkiye K :?ﬁjr?fff? it f'-r Supercomputaciin /

A Rl /



GPP - General Purpose
Intel Sapphire Rapids

Peak performance: 45,4 Pflops
Sustained HPL: 35,4 Pflops

May 2023
March 2024

Fl
;

well as the Participating States Spain, Portugal and Tiirkiye

. The acquisition and operation of the EuroHPC supercomputer is funded jointly by
the EuroHPC Joint Undertaking, through the European Unien’s Connecting
Europe Facility and the Horizon 2020 research and innovation programme, as

™,

.

InfiniBand NDR 200
Fat Tree

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

January 2023
January 2024

Supemmuﬁng
Center
E "‘uirm M'frf |||||| fal S{.‘r’.ll' rrrrr I Aacian

=1
B

ACC — Accelerated

Intel Sapphire Rapids

NVIDIA Hopper

Peak performance: 260 Pflops
Sustained HPL: 163 Pflops

June 2023
March 2024



ACC — Accelerated

GPP - General Purpose

Intel Sapphire Rapids

Intel Sapphire Rapids NVIDIA Hopper

Peak performance: 45,4 Pflops

_ Peak performance: 260 Pflops
Sustained HPL: 40,1 Pflops

Sustained HPL: 163 Pflops*

InfiniBand NDR 200
Fat Tree

May 2023
March 2024

June 2023

Spectrum Scale File System

’_' == - H 248 PB HDD March 2024 |
1 ;.[l == 2,81 PB NVMe %j )
NGT GPP - Next Generation 402 PB tape

NGT ACC - Next Generation

January 2023
January 2024

FJ =

NVIDIA Grace

Inte’"Emerald Rapids
Intél Rialto Bridge

Peak performance: 2,82 Pflops

. A *
Sustained HPL: 2 Pflops Peak performance: . 6 Pflops

Sustained HPL: 4,24 Pflops*

October 2023
March 2024

~ The acquisition and operation of the EuroHPC supercomputer is funded jointly by

December 2023

the EuroHPC Joint Undertaking, through the European Unien’s Connecting Sarpdiong
o . : Y Supercomputing
Europe Facility and the Horizon 2020 research and innovation programme, as cumar
well as the Participating States Spain, Portugal and Tiirkiye ' peiontyy ?""r""""""""""-“"""""'-":'"



MareNostrum5 — Software stack
| softwaretype | MNs |

Operating system

Compiler Suite

Numerical libraries

Debugging/profiler tools

Resource and workload manager

Energy Efficiency and Power
Management

Barcelona

Supercomputing

Center

Cantro Nacional de Supercomputacian

Red Hat Enterprise Linux

Intel OneAPI HPC Toolkit
Nvidia SDK (PGl)

Intel MKL
Nvidia SDK

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

SLURM

Only one Slurm cluster, with different partitions

EAR



iy ‘ . MareNostrum 5 — Storage
Spectrum Scale

n

..... _ . t\;—; . )?2 ‘ = __t Fh'
HDD:  50x4x102x 18 TB NL-SAS 3,5” YISy L H e . \
248 / 376 PB Net/Brut Capacity ' Pl | ‘ nﬁ
1.6 TB/s read and 1.2 TB/s write

13 x 24 x 15.36 TB .. R,
2.8 / 4.8 PB Net/Brut Capacity : o
600 GB/s read or write

Power consumption: 400-550 kW

28 2 Tape libraries HSM/backup TS4500
20000 x JE cartridges Enterprise GEn6 /
400 PB 7))
20 TB/tape uncompressed
64 x TS1160 fibre channel tape drives /)
400 MB/s per drive

Power consumption: <10 kW



E = = MareNostrum5 [

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

. PFlops | Local High-Perf.
Cooling Total Processor/Accelerator Memory (HPL) | Drive Network
rack
6192 e
2x Intel Sapphire R. 56¢ @ 2GHz 40.10
16 8480+ >8GB/core f
DLC 72 1024GB DDR5 960GB 1x NDR200 i
+RDHX (6x6x2) > 0.5GB NVMe |Shared by 2 nodes :
7 2x Intel Sapphire R. 56c @ HBM/core 0.34 !
9480 1.9GHz 128GB HBM ’ .l
+32GB DDR5 i
E
I
-
'_
I
e
A

[




- . mmees=— =1 MareNostrum5 2=

—

High-Perf.
Network

Processor/Accelerator Memory

Cooling

2x Intel Sapphire R. 40c @ 2GHz

8460Y+ 163* |4806B | 4x

35 | bc | 1120 | 32 512GB
4x Nvidia Hopper 138 | NVMe | NDR200

64GB HBM

::rgin'!iis <\
X /

November 2023

>y 4

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

N al il g
ON RS
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>+ . MareNostrum 5 - High Speed network ~ - -

——— N . (s s == = I —— == =
& - - - r S - s g - - o - . e
= i e s = — 1 — T o -
2 - N ‘ L% = 3 = Y i
g i : . -~ #én o p ;
. > 3 ~

T
il
|
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il
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W

DAC/ACC.

Core group 1 Core group 5

00060000 0000000

Al T8\

2k T Ay 2 % A o - N2 WS 4 g Y
\7AT 277, TR A "\ = AR 30GP Isleind 1K GP Island 2 GP Island 3 .
5 1eocompu et racds 30 compute racks 30 compute racks IO partition and AC Island 1 ACC Island 7
, compute nodes 2,160 compute nodes 2,160 compute nodes management island 5 compute racks 5 compute racks
160 compute nodes 160 compute nodes
GPP ACC

PR
I|i/,/4‘/6; 7
NS e : = S e ‘ E ; 7 : Islaqq: Full Fat Tree ¢ lsland: Full Fat Tree
7 T ¥ i / N ‘ ; \ S *  Partition: contention *  Partition: contention
| A v \ 3:2 2:1
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MeluXina




MELUXINA IN NUMBERS

90.000 800

HPC CPU cores GPU-AI
accelerators

20

I MELUXINA
\ HIGH PERFORMANCE

COMPUTING IN LUXEMBOURG

Petabytes high
performance storage

[
+450 300+
TB RAM Tailored software

packages
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MELUXINA ARCHITECTURE

-
ACCELERATOR MODULE BETTEMBOURG

FPGA PARTITION = DC1.2

Purpose: == i

Specialised HPC, HPDA gt (iR o e é —
CLOUD MODULE SYSTEM MODULE & Al workloads ey - -
GATEWAY TO HPC Purpose: G Dadicated STORAGE MODULE

: LARGE MEMORY MODULE . : ARCHIVE TIER
Purpose: User entry point Purpose: private links 5
Supercomputer management ; urpose:

User Portals Workload management In-rnemory workloads EXTERNAL Long-term storage
APls CONMECTIVITY for projects
g:cr:;m;ﬁ tools requiring archiving

\ STORAGE MODULE
PROJECT TIER
\ Purpose:

. . . . - . . User home and project directories
e INTERNAL HIGH SPEED Intensive HPC, HPDA and

NETWORK - INFINIBAND Al 1O workloads
Software stack
\ STORAGE MODULE

SCRATCH TIER

_~" | Highly intensive, short term HPC,

-_—

o

[

L |

Purpose:
:_./rn\'-\r’fn\:“*- -'/—-_-\;\\‘2- —/n\‘"\ N \;\/’ﬁ\" {ﬂ\:{ _/\—.\_H\h HP:.:andAl 10 workloads

STORAGE MODULE
BACKUP TIER

Purpose:;

Data backups for projects
requiring redundancy

DIRECT LIQUID
COOLED MODULES

e

i H"‘"--. f.-"'
STORAGE MODULE

S~
i e . N . U . Y, s N NN E;EiﬁTEWAY‘S

Data moving and export
Cloud services and Object Storage

GPU Al ACCELERATOR CLUSTER MODULE

Purpose: Purpose: DATA PLATFORM
Accelerated HPC, HPDA Mixed HPC, HPDA

& Al workloads & BigData workloads




MeluXina User Software Environment (MUSE)

Compilers, Languages & LXP-managed global software stack
Performance Eng. N . . . . . . .
engineering, data science, Al, chemistry, physics libraries
and applications

Numerical & data libraries * managed deployment with software environment
management tools (EasyBuild + Lmod)
Userdata | oef 9ot & User Data User data MP'Taré"e'iza“O“ tools, * Optimized builds and toolchains, incl. integration with
sultes & acoeleration parallelization frameworks

* Containers

Frameworks, runtime & platform
tools
Optimized Optimized Development
Application Library tools
1.N 1..N 1..N

User User

Application Application
End user applications
|

S

*GROMACS
*OpenFOAM
*CP2K

User User

MeluXina Software Stack Container Toolkit

rls\ Bring-your-own software stack
\&2/

*  Easy control of complete stack
reproducibility

run pipeline on MeluXina

@)

«QuantumESPRESS ( ! ) *  Create tooling and pipeline on user’s infrastructure

Compute node OS + “NAMD

*QMCPACK
*NWChem * Docker & OCI compatible

*ParaView « Non-privileged mode for improved security

— * Support for GPU accelerated applications
* Support for creating and running encrypted containers
* Support for trusted containers: PGP signed & verified

Infiniband driver, Lustre driver




Accessing MeluXina

— JupyterHub x + N
<« C @ jlab.Ixp-prod.cloud.lxp.lu/hub/spawn Q Q & W = B
& Sys-Support-lssues Mg Service-lssues ] netbox m vault @ ddn-insight0l 13 ddn-insight02 m Quantum Country
= Jupyterhub  Hom
Server Options
Allocation time (HH:MM:SS):
ssh user@login.lxp.lu —p 8822
e § . 4 login nodes in total, at the
moment round-robin between 2
login nodes
. Login nodes directly accessible
release/2022.1 | Latest (stable) software stack v (not re Com mended)
T S *  Can switch between login nodes
On-premise JupyterLab Ed25519 key pair-based authentication
. https://jlab.lxp-prod.cloud.lxp.lu . Passphrase on private key highly
recommended
2FA authentication using KeyCloak
Steps to generate appropriate key T s : :
Steps to setup KeyCloak 2FA . https://docs.Ixp.lu/first- € relieility; Cantact aur Eefuice Desk in chus oF By chsbrved. s 4
. https://docs.Ixp.lu/cloud/keycloak/ steps/connecting/ ast login: Thu Nov 16 17:01:41 2023 from

JIab service to be reimagined in 2024



MeluXina workload manager - policies

Policy

Compute budget
Compute quotas
Node scheduling
Hyperthreading

Interactive usage

QOS

dev

test
short
short-preempt
default
long
large

urgent

Details

Monthly pro rata of overall project compute budget, applied every 15t of the month

Enforced through SLURM accounting and QOS

Nodes dedicated to job — no node sharing with other users, 1 core job reserves complete node

Hyperthreading enabled by default on compute nodes, can be disabled through SLURM options

Dedicated resources per partition ensuring rapid development/prototyping

Max. Time
(hh:mm)

06:00

00:30
06:00
06:00
48:00
144:00
24:00
06:00

Max. nodes
per job

1

5%
5%
5%
25%
5%
70%
5%

Priority

Regular

High
Regular
Regular
Regular
Low
Regular

Very high

Used for..

Interactive executions for code/workflow development, with a maximum of 1 job per
user; QOS linked to special reservations

Testing and debugging, with a maximum of 1 job per user

Small jobs for backfilling

Small jobs for backfilling

Standard QOS for production jobs

Non-scalable executions with a maximum of 1 job per user

Very large scale executions by special arrangement, max 1 job per user

Urgent computing needs, by special arrangement, can preempt 'short-preempt' QOS



Getting help

https://docs.Ixp.lu/ https://servicedesk.Ixp.lu

MeluXina User Documentation

Melukmna manterarce | svenh
MeluXinag User Documentation

me Table of contents + TN 0- Ol OFT (138 PAebiine peconmanas, relabiliny and security mainterancs
‘Weloome ‘hat's Fesar
MehiXing supsicampaar H Syatem overvien ¥ Serdice Dack
Cuiineg dectes ¥ Wielcame 1o the decumertation of the MeluXing supencompites! Guiring secies T Sul.'-;mr!
teps 3 Hara wou will find essential information 1o get you steried. answers fo commien questions and details Eirs sleps
HEG X regarding an advanced wsage of the platform. These pages are canstamtly evolving, and we welcome HEG ot s g s e g j
your Teedback 1o improve theen furlber. Please ensure you read thern thoroughly & our policies ane ok i1 e Testhon B biE _— v ahvach: e aravesied there
HPDA » desnribed within HPDA anced e
Conlainenzation »
Cloud » o The MelLXING SUPERCOMpEter :.'. a1 cha yors nessd hallp wi
‘Wihat's resw Eoarch q
FAD
Acoasmis b Prsjecns E Rocounks] Add or updahe your S5 ey
Thiz i your firsk stop ¥ you v just recsived your sse
by el el o actherts your Mebsiting scom.

Tadie creden
e u"‘“; ALL AT | l.-ll [/ F

Publicly available

Requires existing
user account



MeluXina Weather page

weather.Ixp.lu

M=iuiding Wather Repart %+

& & weatherlplu a ¢

W Sys-Support-issues Mg Sendce-ssues [l neoox [ vaur @ gon-insigmon o gon-esignanz G Quarium Country Clowd Portal  §¢ L0P Support €3 lcograms 30 Map.. ey Kibanakel

* Current system status

* Ongoing events

* Planned maintenances/updates

= Authentication L
= User interface .
2 Data storage .
= Supercomputing .
= Metwork L]
= Wieh 1ok L]
Mainssnance

Maintenance Gotober 2023 21 days age
Dear Melulina wsers,

On October 30th starting 09
performed an Meluwdna,
ervironment together with login n

00 CET a performance, reliability snd sscurity maimtenance with platform downtime will be
ctions concern an upgrade of the beluXina compute

A full system resenvation will be in place to prevent computational jabs fram running during this pericd. User acoess ta the




o
EuroHPC compute time on MeluXina <

MeluXina shares

65.47%

Compute Module

Cluster
Accelerator — GPU
Accelerator — FPGA

Large Memory

Total

mEU
m LU

EuroHPC node-hours
per year

Exceptional EuroHPC Calls Breakdown
Allocations

10%

Development
5%

Benchmark
5%

Regular
80%

10



Project budgets

e Checking compute & data project quotas: myquota tool

[ fbonglovann1@logwn®2 ~]$ myquota

Project

Datapath

/home/users/fbonglovanni
/project/scratch/1lxp
/project/home/1xp
/project/scratch/1xp apps
/project/home/1xp apps

[ fbongilovanni@login®2 ~]1% [

COMPUTE ALLOCATIONS FOR CURRENT MONTH
COMPUTE USAGE FROM 2023-10-01 to NOW

CPU node-hours GPU node-hours FPGA node-hours
Used Max
Lxp 1223

%used Used Max %used Used Max %used
1151 0

DATA ALLOCATIONS
Data G1B No. Files

Max | UseS S e Max
; 100000

e Accessible from login/compute nodes (on compute node via sticky module)

e Accessible to project coordinators and members

LargeMem node-hours

Used
0

Max

%used

11



Energy monitoring on MeluXina

* Enabled at SLURM level since October 2023
* 30Hz frequency
* Energy reported in Joules
* Monitoring via native Slurm commands (sacct, sreport)

* (Caveat
* Need to use srun as task launcher!
* Slurm then monitors the job step

S sacct -j JOBID -o jobid,jobname,partition,account,state,consumedenergyraw

S sacct -j 497558 -0 jobid,jobname,partition,account,state,consumedenergyraw

JobID JobName Partition Account State ConsumedEnergyRaw
497558 gromacs-g+ gpu Ixp COMPLETED 116555

497558.batch batch Ixp COMPLETED

497558.0 gmx_mpi Ixp COMPLETED 116555

12



Discouraged user behaviours

.
-
1
1
1
1
1
1
1
1
1
1
1
-
.

-

[

Computing on login nodes

-

Using Conda

(vs modules / PIP)

small files vs BIG FILES

Wrong file permissions

Not using the allocations

Loading wrong modules

-

[

o909 » - R N N N
a A A a a A ., a

& F ] il

Wrong SLURM commands

Improper NUMA use

Wrong SSH key format

6

13



Encouraged user behaviours

.
-

N ]
o

Reading the documentation

Providing supporting documents
in support requests

Providing reproducible test cases

Giving feedback

14



