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System-Specific

XaaS Accelerated Compute, Communication, I/O libraries, and APIs (e... HPE, Intel)

Generic Containers
(e.g., docker)
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Base Operating System Layer (e.g., Ubuntu/Debian/... - POSIX)

Standard Portable Container API
(e.g., OCI)
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OUR MISSION (since 2015)

"We develop and operate a high-performance
computing and data research infrastructure that
supports world-class science in Switzerland.”

The research infrastructure (User Laboratory)
IS open to scientists worldwide
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I'he issues with digitalisation and data in science

PEN RESEACH DATA
BIG DATA ANALYTICS Wi © SEAC

FAIR DATA P vy EOSC: CLOUD OR COMMONS?
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o mm + EOSC-NODES
GRID COMPUTING DATA LAKES

1. Velocity
2. Volume
3. Veracity
4. Variety
5. Value

Important considerations when dealing with digital data:
(e.g. ask what ChatGPT says about Big Data)

But we don't know how big — prepare the infrastructure for/with most ambitious/experienced
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MeteoSwiss

Federal Department of Home Affairs FDHA
Federal Office of Meteorology and Climatology MeteoSwiss
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wissFEL, SLS, SinQ, and SuS at PSI
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Specifications (co-designe use cases) for “Alps”

1. Climate and weather community for “big data” problem
— most complete in terms for 5 Vs

2. Strong multi-tenancy: PS| has to run their own user
program on the infrastructure



ETH:zurich

l[dea: creating specialised clusters

Network endpoints <>
¢ populated with Storage type A

“ & Storage type B

& Storage type C

Compute type A
© Compute type B
©® Compute type C

S
vCluster (Merlin7) YCluster (ICON-22)

4
O

> Management
vCluster(s) <> °
(User Program)
Cray-Shasta slingshot network
(*) currently based on HPE’s Cray-Shasta system architecture
+&®_ CSCS . | . .
. S. Alam, S. Fischer, M. Haines, A. Lovel-Troy, R. Malladi, M. Mattia, V. Pel, and T. C. Schulthess; Seattle, 10/04-05/2019 9
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Swiss National Supercomputing Centre

— MENU Q USER PORTAL

&~ 173 —

World’s Most Powerful Al-Capable Supercomputer?

CSCS, Hewlett Packard
Enterprise and NVIDIA
Announce World's Most..

"Alps" system to advance research across climate,
physics, life sciences with 7x mare powerful Al

capabilities than...

MORE

MORE SCIENCE
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First 04 Blanca Peak blades arrive
on 01/24/2024
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The last delivery with 128 of 1,344 blades arrives
on 06/05/2024 (4+ months later

& CSCS
\‘ 0 Cartro Svizzera di Calcaln Scentifico

-
- Swiss Naticnal Suparcompeting Centre
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Alps with 2688 CG4 nodes @ 896 GB

or 10,752 GH200 Superchips @ 224 GB (each with H100 @ 96GB)

Power envelope: 10 MW

25 GBls

Compute node types:
AMD Rome (since 2020)
NVIDIA A100 (since 2021)

AMD Mi 250X (since 2022
NVDIA GH200 (since 2024)
R X B AMD Mi 300A (H2 2024)

Swiss Nafir al%prmm[lfng(‘.r

25 GB/s

Cray-Shasta slingshot network
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Versatile Software Defined Cluster (vCluster)

Network endpoints <>
¢ populated with Storage type A

“ & Storage type B

& Storage type C

Compute type A
© Compute type B
©® Compute type C

S
vCluster (Merlin7) YCluster (ICON-22)

4
O

> Management
vCluster(s) <> °
(User Program)
Cray-Shasta slingshot network
(*) currently based on HPE’s Cray-Shasta system architecture
+&®_ CSCS . | . .
: S. Alam, S. Fischer, M. Haines, A. Lovel-Troy, R. Malladi, M. Mattia, V. Pel, and T. C. Schulthess; Seattle, 10/04-05/2019 16
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HPC & Cloud convergence

SSH / POSIX Identity and Science as a Service Defined by business service
Access Management (IAM) SSH/POSIX & Cloud-native IAM and Clout-native |AM

—_————

Science Apps. & Workflows Business as a Service

Composable services
1. Infrastructure as code

. Independent service management Platform as a Service
. User environment for science

Performance at Scale
OS Drivers

Low-level library D |
High-level library Virtualisation / hypervisor

User environment for HPC

W N

 User Environments
» Services

* High-level library

* Low-level library

Infrastructure as a Service

=

0S

Bare metal

HPC Alps: cloud-native HPC Cloud

OS

Bare metal

<& .  CSCS
\’ ' Cartro Svirzero di Calealn Secentifico
@

Swiss Naticnal Suparcomputing Centre
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Separation of concerns

User environment

Platform engineer (typically familiar with domain)

J

Service management

Platform tenant engineer/administrator

J

Infrastructure engineer/tenant administrator

+&_ CSCS

\:\0‘0

Certro Svirzera di Calcaln Sc entifino
Swiss Naticnal Suparcomputing Centre

*User env. tailored to domain (uenv)

*"Bring your own stack” (containers)
*Programmable resource access (API)

*Orchestration of platform services
*Self-healing / vetting of compute nodes
*EXxecution environments

18
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\‘\‘" CSCS

di Calealn S¢ entifico
\‘ msbh d‘%p i n

arcompating Cen‘re

Cloud-native systems architecture

To a particular community, a platform will look like a dedicated supercomputer

Trad. HPC Platform (Piz Daint) / Climate (EXCLA/M) / =

Slingshot network
Cray System Management software (u-service arch.)

19
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Infrastructure partitioning

* APl to control plane
| abelling of resources
o |mmutability with workflows

*Deploy a base image

Alps heterogeneous compute nodes connected

Drivers and Low-level
libraries

with high-performance Slingshot network

OS

HW configuration

Swiss Naticnal Suparcompting Centre

. Manta
Reboot all nodes with label 1 (blue) >
\:0:0 g‘?ogifam di Calcaln S;:ie'!gu;

Label 1

)

Control plane

¢ 19]€ET]

20
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Service Management

- & HashiCorp
e Storage Nomad
b, o §
- LDAP .
O QD /—\‘/ >VS€FVIC€S
GE) % Container
N < engine ’ ‘
® -~  SLURM Uenv
= N A J,
D . . .
5 Drivers and Low-level libraries
— O
O O
28 o8
N
7))
O © o
e HW configuration
\ro‘o °S°S —_—
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Management of services

vCluster manifest Resource label to identify compute nodes
34 Qgmodule "cscs-config" {
e List of vServices 35 source = "git@git.cscs.ch:alps-platforms/vservices/vs-cscs-config.git?ref=v1.0.1"
o ~ ' 36 deploy = true
10 V.SGFVICeS / vCluster 37 vcluster = module.vcluster
* vServices 38 hsm_groups = "daint"
e SSH/LDAP 39 ansible_vars = file("platform/config/cscs-config/vars.yml")
40 ccm_version = "cscs-24.8.0"
Storage 41 playbook = "site.yml"
* Uenv 42}
 Container engine i
. S s 44  module "storage" {
urm 45 source = "git@git.cscs.ch:alps-platforms/vservices/vs-storage.git?ref=v1.0.6"

« Node health 46 deploy = true
° 47 vcluster = module.vcluster
o 48 ansible_vars = file("platform/config/storage/vars.yml")
49 node_dependencies = ["cscs-config"]

vService definition 50

in the manifest ol capstor_scratch_cscs_state = "mounted
52 capstor_store_cscs_state = "mounted” _ S :
53 capstor_users_cscs_state = "mounted" vService v erv.lce
54 iopsstor_scratch_cscs_state = "mounted" code & COang. version
09 iopsstor_store_cscs_state = "mounted”
06 vast_users_cscs_state = "mounted"
<& _ CSCSs K 57

\’ ' Cartro Suirzero di Calealn Sc entifico
\‘

Swiss Naticnal Suparcomputing Centre
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User Environment

= :

©® Build your own stack
% é Communities to manage their own PE and applications
5 2  Cl external from GitHub

=

)

4 N

[= Storage Uenv : A
G J FirecREST

E \ /
% D - | N g A - g
S %’ Contglner SLURM ) .
w < | engine N : SSH

S : LDAP )
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User Environment

3 Bring your own stack
O é Enable external stack with access to HPC hardware with
? o
OCI hooks
=
O,
"""""" e
= Storage Uenv i A
o & \ ) \ ) FirecREST
S 5 - D - 7
CIE) 87 Contginer SLURM ) .
N S engine . . SSH
= (S'  LDAP

4
e,
%
»>
\J
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User Environment

3 Programmatic access
% é Web-facing RESTful APl to move data and submit jobs
> 2  Connect to: Jupyter, AiiDA, reframe, Airflow, OOD, WebUI,
GE) Cl/CD, python wrapper, build your own!
"""""" —
c ECRES
. S \StorageJ ] Uenv / FIRECREST
9 CIE) e ~ 4 ™
CIE) %’ Contginer SLURM ) .
N S _engine . y SSH
S : LDAP )




ETH-zurich

Alps: beyond traditional supercomputing
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Alps Infrastructure
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e 7 Al Center
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Alps: elasticity to (e.g.) prioritise Al vvork

"NWP
ﬂ MeteoSwiss

PS/
HPC Platform /Daimf/ Clirmate /Sanﬂ_

Alps Infrastructure

s XCLAIM
Al Center

User ProgerMHPCN

W Osm
Center for Climgte ETH AI CENTER

Systems Modeling

27
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Alps: supporting Gordon Bell Prize winner SC24

Climate (Sarntis)

| Alps Infrastructure

e Lo

- e ' \'—-—‘
- 3 4 | .
, ‘ { b
L q,‘(, ’ i b ‘
€5 = aNeca - IIIII'HIII

0.375 EFlop/s on 3,072 0.243 EFlop/s on 1,024 0.739 EFlop/s on 1,936
<+ _ CSCS nodes (18,432 NVIDIA nodes (4,096 NVIDIA nodes (7,744 NVIDIA GH200

V100 GPUs) of Summit A100 GPUs) of Leonardo GPU superchips) of Alps

\' ' Ceartro Svirzero di Calealn Sc entifico
@

Swiss Naticnal Suparcomputing Cen‘re

¥ 04K Rnc

 Nati(nal Labor, tory

D I'TW JINTTRI
0=~ | —

AMDA

0.976 EFlop/s on 2,025
nodes (36,100 AMD

MI250X GPUs) of Frontier

ﬂ MeteoSwiss

Courtesy of David Keyes,

KAUST

28



ETH-zurich

AlpsS: elasticity t e.Jd.) prio

Monsocns: Peak Time of Diumal Cycle in ICON (2.5 km, 10 km, 40 km,80km) and Observations over South Asia (IST)
ICON (2.5 km)

ICON (2.5KM) Peak Tirne Interval of Maximum Precipitation

OBS (IMERC) ICON (10 km)

ICON [ JONOM) Peat e ler'y JK‘ ——n P gt ol e

MIRG Poah Tume Wlereal of Massvam Py gl st

2 5 km S|mulat|on captures well the nocturnal maxima swéth on the
foothills of the Hlmalayas'

mmmd Morning maximum over the oceans, and early afternoor
exceptions to this pattern over both land and oceén.

N'E IS'E 80 15

HPC Platform /Da/nty Climate (Sarntis)

Alps Infrastructure

sXCLAIM

Center for Climate
Systems Modeling

ritiIse Al work

r. <1 .31&\\%.&‘”—- i
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Apertus LLM, 708 parameters

On target for a 15T release this summer, a demonstration of capability%©

Meta: Llama 70B, 1856 H100, Meta, ckpt/25 iters CSCS: Apertu@ %0 GH, ckpt/250 iters

f\f"/ AN r\h\u/ 1 / N If/ " ‘/A\/\.f\f W ' \\\/’ ',’“- "W A // A A

\

‘ \
ig 1: 1656 training run with high frequency checkpointing The first checkpoint (;’.J%va" in tps) does nat have a cached save CheCpr| nt
plan, and the background processing takes far longer than the rest where the cached pian is used, (Ca pStOr H D D) Python GC
https://pytorch.org/blog/6x-faster-async-checkpointing/ https://wandb.ai/ischlag/main-runs-v1/panel/
vtozve3zv?nw=nwuserischlag
3®, CsCs |
QG S o & o Senten Source: Joost VandeVondele, CSCS Webinar

30
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o @ AicCenter
Goal of Apertus LLM for science™ ™™

Produce one of the most advanced open and transparent LLMs to
date, keeping science at the forefront of Al research

You can consider this an Al infrastructure for science

Specific outcomes:
A 70B LLM trained on 15T tokens (currently training on 4,096 GPUSs)
A 8B LLM trained on 15T tokens (trains on 512 GPUSs)

X »~ 1l . “’ " o
n | ) « , "0
. gt } o
\ ) N M
. | ‘ 9
> . - 9 *e
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Inside Apertus: compliant and responsible

*Public & versioned data only, primarily sourced from CommonCrawil
*Present model memorisation of data, specitically copyrighted content
*Respect Al opt-out preterences of content authors

*Retroactively remove content as per Jan. 2025 robots.txt crawl

*~10% English and ~5% non-English data removed from training sets

*Quality: Remove personal identifiable information, toxic & harmful content, and low-quality data (e.g.
spam, non-human text, etc.)

~ Certro Svirzero di Calcaln Scentifi . &
\' S:Ls;o}h?ir:arln&lpnrr:‘umqp :n:g r.;:?re m 2ZUuric h \\"‘ CSCS
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Inside Apertus: multilingual design

*Over 1000 languages in training data

*Retlects the natural distribution of languages

on the web globa

~60% Eng|
~40% Nnon-

+~&_ CSCS

\' ' Cartro Svirzero di Calealn S entifico

sh we

ly:

N data

-nglish web data

\' Swiss Naticnal Supercompating Centre

*[ncludes code, math, and a large number of
ow-resourced languages, such as as
Romance and Swiss-German dialects

Turft_ish
l1tx5;wusian
Dutch
ot
Portuguese
liallan
Fr;mch
6.0%
{apgnese

Russian

Mandarin Chin...

German

.'f . ] ':\)

Spanish

! 1 ‘::'; )

APER

=P~L ETH:zurich

VS

2
\\0‘0 CSCS
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The Is just the beginning of a story

*SWisSAl Initiative started Aug. 2023
*Alps accepted in Jul. 2024, inaugurated in Sep. 2024
*[irst version of Apertus released on 2. Sep. 2025

*\We will continue with Alps for at least 1-2 more years

~&_ CSCS

\0 0 Cartro Svirzera di Calezln Seentifico
\’ Swiss Naticnal Suparcompating Cencre

a? ERNIE 4.5 (z15) (wor)

~{ Aya Expanse (325)

Q) Llama 3 (7o08)

~{ Command R+ 08-2024

;:; Qwen 2.5(7)

4= Olmo 2 0325 (525)

¢
c
c
X

©
>
a
&
i [

-{ Command R 08-2024

0Q Llama 3.1 (z5)

O sailor2
N
. Sailor2 (ze:s)
N
U4 Mistral Small 31 2503
N,

~{ Aya Expanse

a4k Babel (s38)

5210 t0./

51.25 0.4

48.66 =0

48.31 10/

46.97 +0.4

46.01 -0 2

4578 +0.2

45.29 ©1.°

45.25 109

4512 0 3

44.67 *0.2

4416 ~C)

42.96 t0.0

40.84 -0 2

40.28 +0 &

34



ETH-zurich

The model lifecycle

99% of resource
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Release open models, data, source
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Soon Alps will be too small for pre-training LLMs
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Alps data hyper-cube at ECMW in Bologna

IFS running @ ECMF in Bologna
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CSCS Electricity Consumption 2008-2024

00 — Actual (GWh p.a.) Outlook (GWh p.a.)
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LUMI is a consortium that has
deployed the first EuroHPC pre-
exascale supercomputer

Scaling from 10s
to 100s of MW
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Thank you to the teams at CSCS, HPE and
NVIDIA, as well as our partners and coleagues,
and thank for your interest
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