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

OUR MISSION (since 2015)

The research infrastructure (User Laboratory)  
is open to scientists worldwide



The issues with digitalisation and data in science
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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 

Big data analytics

FAIR DAta

Open Reseach data

EOSC-Portal

Data LakesGrid computing EOSC-NOdes

EOSC: cloud or commons?
EDI
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MeteoSwiss
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Federal Department of Home Affairs FDHA 
Federal Office of Meteorology and Climatology  MeteoSwiss

Source: meteoswiss.admin.ch



SwissFEL, SLS, SinQ, and SµS at PSI

7

4 User Laboratories
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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: PSI has to run their own user 
program on the infrastructure



Idea: creating specialised clusters
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Cray-Shasta slingshot network

Network endpoints
populated with Storage type A

Storage type B

Compute type A

Compute type B

Compute type C

Management

Storage type C

S. Alam, S. Fischer, M. Haines, A. Lovel-Troy, R. Malladi, M. Mattia, V. Pel, and T. C. Schulthess; Seattle, 10/04-05/2019

(*) currently based on HPE’s Cray-Shasta system architecture

vCluster(s) 
(User Program)

vCluster (Merlin7) vCluster (ICON-22)
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World’s Most Powerful AI-Capable Supercomputer?



11



12

Power: ~8kW



First 64 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)
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Cray-Shasta slingshot network

Alps with 2688 CG4 nodes @ 896 GB
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25 GB/s 25 GB/s

25 GB/s

25 GB/s

NVLink  
150 GB/s p2p 
(900 GB/s tot.)

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

Compute node types: 
AMD Rome (since 2020) 

NVIDIA A100 (since 2021) 
AMD Mi 250X (since 2022) 
NVDIA GH200 (since 2024) 

AMD Mi 300A (H2 2024)

Power envelope: 10 MW



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

Network endpoints
populated with Storage type A

Storage type B

Compute type A

Compute type B

Compute type C

Management

Storage type C

S. Alam, S. Fischer, M. Haines, A. Lovel-Troy, R. Malladi, M. Mattia, V. Pel, and T. C. Schulthess; Seattle, 10/04-05/2019

(*) currently based on HPE’s Cray-Shasta system architecture

vCluster(s) 
(User Program)

vCluster (Merlin7) vCluster (ICON-22)
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HPC & Cloud convergence
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Performance at Scale
1. OS Drivers 
2. Low-level library 
3. High-level library 
4. User environment for HPC

Composable services
1. Infrastructure as code 
2. Independent service management 
3. User environment for science

Bare metal

OS

Business as a Service

Platform as a Service

Infrastructure as a Service

Virtualisation / hypervisor

Cloud

Defined by business service  
and Clout-native IAM

Bare metal

OS

• User Environments 
• Services 
• High-level library 
• Low-level library

Science Apps. & Workflows

HPC

SSH / POSIX Identity and  
Access Management (IAM)

Alps: cloud-native HPC

Science as a Service  
SSH/POSIX & Cloud-native IAM



Separation of concerns
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•Interface to management infrastructure 
•Resource provisioning 
•Tenant separation (network segregation)

•Orchestration of platform services 
•Self-healing / vetting of compute nodes 
•Execution environments

•User env. tailored to domain (uenv) 
•“Bring your own stack” (containers) 
•Programmable resource access (API)

User environment

Service management

Infrastructure provisioning

Platform engineer (typically familiar with domain)

Platform tenant engineer/administrator

Infrastructure engineer/tenant administrator



Cloud-native systems architecture
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vClusters

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

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

Alps Infrastructure
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Infrastructure partitioning

•API to control plane 

•Labelling of resources 

•Immutability with workflows 

•Deploy a base image

Alps heterogeneous compute nodes connected 
with high-performance Slingshot network

Control plane
La

be
l 1

La
be

l 2

Label 3

HW configuration

OS

Drivers and Low-level 
libraries

Manta 
APIReboot all nodes with label 1 (blue)



Service Management

21

HW configuration

OS

Drivers and Low-level libraries

SLURM

Container 
engine Uenv

SSH 
LDAP

Storage
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fra
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Management of services
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vCluster manifest
• List of vServices 
• ~10 vServices / vCluster 
• vServices 

• SSH/LDAP 
• Storage 
• Uenv 
• Container engine 
• Slurm 
• Node health 
• …

vService definition 
in the manifest

vService  
code & config.

vService  
version

Resource label to identify compute nodes



User Environment
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SLURMContainer 
engine
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LDAP

Storage
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FirecREST

Build your own stack 
Communities to manage their own PE and applications 
CI external from GitHub 



Container 
engine

Uenv

User Environment
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SLURM
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Storage

U
se

r 
en

vi
ro

nm
en

t
S

er
vi

ce
 

M
an

ag
em

en
t

FirecREST

Bring your own stack 
Enable external stack with access to HPC hardware with 
OCI hooks 



Uenv
FirecREST

User Environment
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SLURMContainer 
engine SSH 

LDAP

Storage
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Programmatic access 
Web-facing RESTful API to move data and submit jobs 
Connect to: Jupyter, AiiDA, reframe, Airflow, OOD, WebUI, 
CI/CD, python wrapper, build your own! 



Alps Infrastructure

Alps: beyond traditional supercomputing
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“Piz Daint”, one of the most powerful supercomputers
A hardware upgrade in the final quarter of 2016 
saw “Piz Daint”, Europe’s most powerful super-
computer, more than triple its computing perfor-
mance. ETH Zurich invested around CHF 40 million 
in the upgrade, so that simulations, data analysis 
and visualisation can be performed more effi-
ciently than ever before.

With a peak performance of seven petaflops, “Piz Daint” has 
been Europe’s fastest supercomputer since its debut in Novem-
ber 2013. And it is set to remain number one for now thanks to 
a hardware upgrade in late 2016, which boosted its peak per-
formance to more than 25 petaflops. This increase in perfor-
mance is vital for enabling the higher-resolution, compute- and 
data-intensive simulations used in modern materials science, 
physics, geophysics, life sciences and climate science. Data 
science too, an area where ETH Zurich is establishing strategic 
research strength, calls for high-power computing facilities. 
These fields involve the processing of vast amounts of data. 
The new system is now well equipped to provide an infrastruc-
ture that will accommodate the increasing demands in high 
performance computing (HPC) up until the end of the decade.  

Thanks to the new hardware, researchers can run their simula-
tions more realistically and more efficiently. In the future, big 
science experiments such as the Large Hadron Collider at CERN 
will also see their data analysis support provided by “Piz Daint”.

ETH Zurich has invested CHF 40 million in the upgrade of “Piz 
Daint” – from a Cray XC30 to a Cray XC40/XC50. The upgrade in-
volved replacing two types of compute nodes as well as the in-
tegration of a novel technology from Cray known as DataWarp. 
DataWarp’s “burst buffer mode” quadruples the effective 
bandwidth to and from storage devices, markedly accelerating 
data input and output rates and so facilitating the analysis of 
millions of small, unstructured files. Thus, “Piz Daint” is able to 
analyse the results of its computations even while they are still 
in progress. The revamped “Piz Daint” remains an extremely 
energy-efficient and balanced system where simulations and 
data analyses are scalable from a few to thousands of compute 
nodes.

FACT SHEET

User Program (HPCN)



Alps Infrastructure

Alps: elasticity to (e.g.) prioritise AI work

27

NWP    
     MeteoSwiss

Alps Infrastructure

“Piz Daint”, one of the most powerful supercomputers
A hardware upgrade in the final quarter of 2016 
saw “Piz Daint”, Europe’s most powerful super-
computer, more than triple its computing perfor-
mance. ETH Zurich invested around CHF 40 million 
in the upgrade, so that simulations, data analysis 
and visualisation can be performed more effi-
ciently than ever before.

With a peak performance of seven petaflops, “Piz Daint” has 
been Europe’s fastest supercomputer since its debut in Novem-
ber 2013. And it is set to remain number one for now thanks to 
a hardware upgrade in late 2016, which boosted its peak per-
formance to more than 25 petaflops. This increase in perfor-
mance is vital for enabling the higher-resolution, compute- and 
data-intensive simulations used in modern materials science, 
physics, geophysics, life sciences and climate science. Data 
science too, an area where ETH Zurich is establishing strategic 
research strength, calls for high-power computing facilities. 
These fields involve the processing of vast amounts of data. 
The new system is now well equipped to provide an infrastruc-
ture that will accommodate the increasing demands in high 
performance computing (HPC) up until the end of the decade.  

Thanks to the new hardware, researchers can run their simula-
tions more realistically and more efficiently. In the future, big 
science experiments such as the Large Hadron Collider at CERN 
will also see their data analysis support provided by “Piz Daint”.

ETH Zurich has invested CHF 40 million in the upgrade of “Piz 
Daint” – from a Cray XC30 to a Cray XC40/XC50. The upgrade in-
volved replacing two types of compute nodes as well as the in-
tegration of a novel technology from Cray known as DataWarp. 
DataWarp’s “burst buffer mode” quadruples the effective 
bandwidth to and from storage devices, markedly accelerating 
data input and output rates and so facilitating the analysis of 
millions of small, unstructured files. Thus, “Piz Daint” is able to 
analyse the results of its computations even while they are still 
in progress. The revamped “Piz Daint” remains an extremely 
energy-efficient and balanced system where simulations and 
data analyses are scalable from a few to thousands of compute 
nodes.

FACT SHEET

User Program (HPCN)



Alps InfrastructureAlps Infrastructure

Alps: supporting Gordon Bell Prize winner SC24
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SUMMARY OF CONTRIBUTIONS    (2/2)

• Leading the way to sustainable climate modeling on supercomputers via PaRSEC runtime 
system orchestrating mixed-precision computational tasks

• Large-scale execution and performance demonstration on systems equipped with four 
different GPU accelerators:

• Excellent weak scaling efficiency, up to 72% strong scaling efficiency with up to 12,288 V100 
GPUs on Summit

0.976 EFlop/s on 9,025 
nodes (36,100 AMD 

MI250X GPUs) of Frontier

0.739 EFlop/s on 1,936 
nodes (7,744 NVIDIA GH200 

GPU superchips) of Alps

0.243 EFlop/s on 1,024 
nodes (4,096 NVIDIA 

A100 GPUs) of Leonardo 

0.375 EFlop/s on 3,072 
nodes (18,432 NVIDIA 
V100 GPUs) of Summit

Courtesy of David Keyes,  
KAUST



Alps Infrastructure

Alps: elasticity to (e.g.) prioritise AI work
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“Piz Daint”, one of the most powerful supercomputers
A hardware upgrade in the final quarter of 2016 
saw “Piz Daint”, Europe’s most powerful super-
computer, more than triple its computing perfor-
mance. ETH Zurich invested around CHF 40 million 
in the upgrade, so that simulations, data analysis 
and visualisation can be performed more effi-
ciently than ever before.

With a peak performance of seven petaflops, “Piz Daint” has 
been Europe’s fastest supercomputer since its debut in Novem-
ber 2013. And it is set to remain number one for now thanks to 
a hardware upgrade in late 2016, which boosted its peak per-
formance to more than 25 petaflops. This increase in perfor-
mance is vital for enabling the higher-resolution, compute- and 
data-intensive simulations used in modern materials science, 
physics, geophysics, life sciences and climate science. Data 
science too, an area where ETH Zurich is establishing strategic 
research strength, calls for high-power computing facilities. 
These fields involve the processing of vast amounts of data. 
The new system is now well equipped to provide an infrastruc-
ture that will accommodate the increasing demands in high 
performance computing (HPC) up until the end of the decade.  

Thanks to the new hardware, researchers can run their simula-
tions more realistically and more efficiently. In the future, big 
science experiments such as the Large Hadron Collider at CERN 
will also see their data analysis support provided by “Piz Daint”.

ETH Zurich has invested CHF 40 million in the upgrade of “Piz 
Daint” – from a Cray XC30 to a Cray XC40/XC50. The upgrade in-
volved replacing two types of compute nodes as well as the in-
tegration of a novel technology from Cray known as DataWarp. 
DataWarp’s “burst buffer mode” quadruples the effective 
bandwidth to and from storage devices, markedly accelerating 
data input and output rates and so facilitating the analysis of 
millions of small, unstructured files. Thus, “Piz Daint” is able to 
analyse the results of its computations even while they are still 
in progress. The revamped “Piz Daint” remains an extremely 
energy-efficient and balanced system where simulations and 
data analyses are scalable from a few to thousands of compute 
nodes.

FACT SHEET

User Program (HPCN)



https://pytorch.org/blog/6x-faster-async-checkpointing/

Meta: Llama 70B, 1856 H100, Meta, ckpt/25 iters CSCS: Apertus 70B, 2048 GH, ckpt/250 iters

https://wandb.ai/ischlag/main-runs-v1/panel/
vtozve3zv?nw=nwuserischlag

Checkpoint 
(capstor: HDD) Python GC

Apertus LLM, 70B parameters
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On target for a 15T release this summer, a demonstration of capability.

Source: Joost VandeVondele, CSCS Webinar

AI platform on Alps performs like a dedicated 

AI systems with comparable hardware



Goal of Apertus LLM for science
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Produce one of the most advanced open and transparent LLMs to 
date, keeping science at the forefront of AI research

You can consider this an AI infrastructure for science

Specific outcomes:

A 70B LLM trained on 15T tokens (currently training on 4,096 GPUs)

A 8B LLM trained on 15T tokens (trains on 512 GPUs)
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Inside Apertus: compliant and responsible

•Public & versioned data only, primarily sourced from CommonCrawl 

•Present model memorisation of data, specifically copyrighted content 

•Respect AI opt-out preferences 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.)
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Inside Apertus: multilingual design

•Over 1000 languages in training data 

•Reflects the natural distribution of languages 
on the web globally: 
~60% English web data 
~40% non-English web data 

•Includes code, math, and a large number of 
low-resourced languages, such as as 
Romance and Swiss-German dialects
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The is just the beginning of a story

•SwissAI Initiative started Aug. 2023 

•Alps accepted in Jul. 2024, inaugurated in Sep. 2024 

•First version of Apertus released on 2. Sep. 2025 

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



The model lifecycle
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Human-AI Alignment 

Align to Swiss values for adoption in 
society and economy (i.e. SME) 

(in sync. with the principles of science)

Communal Red-teaming  

Measure & mitigate bias, truthfulness, 
privacy, misinformation, societal risks

Foundation Models 

Transparent data,  
energy-efficient algorithms

Deployment & Feedback 

Release open models, data, source

Infrastructure
pre-training

99% of resource

Soon Alps will be too small for pre-training LLMs
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Alps data hyper-cube at ECMW in Bologna
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Alps Data Center Infrastructure, 
in Lugano

ECMWF MARS archive in Bologna

Alps Data Hypercube  
in Bologna

IFS running @ ECMF in Bologna



CSCS Electricity Consumption 2008-2024
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LUMI is a consortium that has 
deployed the first EuroHPC pre- 
exascale supercomputer

~20 MW

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


