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WP2 Objectives

> Build the Al / HPC Exascale backbone by providing the
hardware & software infrastructure needed for the
implementation of the WP3/WP4 use-cases

> Provide access to available production systems
and new prototypes & disruptive technologies
for testing, porting, and benchmarking

> Develop and tune cross-sectional HPC/AI
methods with WP3/WP4 use cases

> Co-design, implement, and deploy a
unique Al framework for Exascale

Extension Period Discussions: New Al areas, new HPC
systems, new use cases for UAIF, new UAIF components?
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Unique Al Framework Overview

Extension Period Discussions: Enter into new realms of Al
for HPC: e.g., Large Language Models (LLMs)

Joint Use-Case Open-Access Database

Scalable Use-Case-Specific Al Methods

Generalizable and Scalable Al Methods

System-Adapted Start Scripts

USE CASE

Developments

1 already heavily using and contributing

S
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RAISE

Center of Excellence

Extension Period Discussions: Focus on Adoption &
Community building towards UAIF & RAISE sustainability!
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Partners and Tasks of WP2

RAISE

Center of Excellence

PM 43 13 10 8 8 8 22 12

T e lied |owstion |satus _
2.1 BSC

2.2
2.3
2.4
2.5

Modular and heterogeneous supercomputing architectures
Hardware prototypes

Benchmarking on disruptive technologies

Software design of a unique Al framework

Cross-Sectional Al Methods
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Extension Period Discussions: Tasks will run longer!




Deliverables of WP2 (1/2) — Status Updates RASE

Center of Excellence

T — e ——

D2.1  Best practice guidelines/tutorials for MSA/heterogeneous systems

D2.2  Report on porting and performance analysis M12 BSC m

D2.3  Report on porting and performance analysis M24 BSC m
D2.4 Report on porting and performance analysis M42? BSC Not started NE w
D2.5 Best practice guidelines / tutorials prototype M2 FZ) Submitted

D2.6 Report on support activities M6 FZ) m
D2.7 Report on support activities M18 FZ) m
D2.8 Report on benchmarking Al technologies (QA) and on support activities M24 FZ) Submitted

Not started NE W

Submitted

D2.9 Report on benchmarking Al technologies (QA) and on support activities M42? FZ)
D2.10 Monitoring Report M18 UQOl

Extension Period Discussions: Deliverable Due Dates Shifts
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Deliverables of WP2 (2/2) and Milestones RAISE

Center of Excellence

O O

D2.11 Monitoring Report M42?

D2.12 Software Layout Plan for a unique Al Framework M9 UOlI

D2.13 Software Layout Plan for a unique Al Framework M26 UOlI

D2.14 Report on Novel Al Technologies M12 UOlI

D2.15 Report on Novel Al Technologies M24 UOlI Submitted

D2.16 Report on Novel Al Technologies M42? Uol Not started NEW
O O o

MS2 Al/HPC Methods Achleved
MS4 Technical implementations functional M24 FZ) Achleved NEW
MS6  All final reports M42? FZ) Not yet achieved

Extension Period Discussions: Deliverable & Milestone Due Dates Shifts
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Task 2.1 — Modular and heterogeneous supercomputing ... RASE

Center of Excellence

RAISE Software and Resources

Simulation codes

HPC centers: FZJ & ParTec, UOI, RWTH, BSC, RTU j

Porting + optimization & performance analysis on
homogeneous & heterogeneous supercomputers

Computing + I/O + Network

2023-08-28 - WP2 - Al- and HPC-cross methods at exascale Overview and plans 8



Task 2.1 — Modular and heterogeneous supercomputing ... RASE

Center of Excellen

Deliverable D2.1: Best practice guidelines and tutorials for the various HPC systems
> 4 countries

Extension Period Discussions: What systems are important for UAIF uptake?

> 8 systems
CTE-Power, Nord3
o SR

RUDENS GARPUR & LUMI
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Extension Period Discussions: new prototypes?
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Task 2.3 — Benchmarking on disruptive technologies RAISE

Center of Excellence

First 5,000 Qubits Quantum Annealer (JUPSI) in Europe (FZ)J)

> 5 hours of compute time for RAISE project
> problem size still very limited -> ;
hybrid/modular supercomputing approach ML/
Applications: N K — S
' ; : w0 5 2 =
» Quantum accelerated hyperparameter tuning Visual representation of QSVR performance 3
N . 081" );r::vs.True " 5
> Quantum clustering of energy particles P fﬁf 3
> Quantum classification of satellite images |4
First results: i
> predicting the learning curves of neural (e
network training with Quantum Support I O N I
Vector Regression

2023-08-28 - WP2 - Al- and HPC-cross methods at exascale Overview and plans Extension Period Discussions: Quantum important — other Quantum systems? 12
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Task 2.4 — Status: Process towards Framework Realization RAISE

Center of Excellence

Requirements WP3, WP4

CoE RAISE

Out-Reach via

Different T Defines
YU u Channels / \

Co-Design Input

WP6 . —ssseomm Sub-Task 2.4.1
— Adoption by Collect & Analyse
HPC & Al Requirements for
. . . Communities & Unique Al Framework
Dissemination EuroHPC JU HPC

& Develops Use Case
Fact Sheets

Systems

WELCOME Raise Implements )
miar:Gitbased Data in-Biach - ——— I(g_‘lclgnses
E— Framework Realization WP5
minar: High Performance Data CrOSS_
. Design, Implement,
.z\’k_lNP3’7 WP4 Unsirq‘LaJLeAgllFl?':::]:Z\:lirk and Update Unique Al sectlonal
- Components Framework Artefacts TaSk
Tralr"ngs & towards Exascale 2 5 HPC/Al
Encourage Adoption Sub-Task b i Methods
, : | Framework Release
via Interaction Rooms 243 _ 942
SRR Candidate Artefacts (SEiE Tasks

212223

Infrastructure &
Benchmarking
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Realization of SW Framework

p processing-
Compute- & Data-Intensive CoE RAISE Use Cases][[t%?{omain-specific CoE Use Cases I = NCC & Industrial Use Cases Digital Twins Use Cases intensive
A) {B) C) applications
.. — A N—r .
‘ co-design inputs ‘ adoptions adoptions
f ©  Secure Shell Access (SSH) using batch < Interactive Jupyter notebooks with JupyterlLab sharing |.E§ Application Workflows (e.g., Apache Airflow),
\g}g\submits to scale-up distributed training : of datasets & scripts for rapid DL model prototyping @ including task pre- & post data processing Reference
——/ N T —/ Architecture
¥ elements of
AP CoE RAISE
LAMEC API to specify models in ONNX format LAMEC API to share & enable re-use of Al models with i OpenML Community [ #= ClearML MLOps e -
also enabling re-usability of existing Al models community platforms & industry tools & datasets ~ Platform & Pipelines latform & Models unique Al
H )} T 1) K} framework
- =13 for Exascale
W - - - HPC & Al
LAMEC API Facade pattern # LAMEC API Batch script repository i LAMEC API generates HPC script modules, Open HPC/Al Job Script Methods
encapsulates use case instances M & scalability-proven Al frameworks i Al library setups & automated testing $ Generator Web Page(s)
L 'y L 0 K
fgj]  Basic Science & Al -, TensorFlow & PyTorch o~ Horovod / PyTorch-DDP / DeepSpeed , . °% RAY |\ Hyperparameter Tuner software
ii A& libraries (NumPy, etc.) (& DALI Data Loader) R Distributed Deep learning tools ' Ray Tune, Optuna, Deep Hyper |} jnfrastructure
P ] Q] I I
NS e 2 h —'e
—_— e e e — e — e, _, S ——_———————————T T T T *adoptions
[ NEE : v vodur —————— OB cooren o - o om | eu U
Prototype e, 001 80 Apptainer EuroHPCJU | gy v [ veGA [ aroLINA [DEUCALION
HPC Systems | | HPC Cgstainer Hosting Sites IS-IP(tI
) — N J%’;E‘E’E‘S Al Environment @ LeoNARDO [ MELUXINA B piscoverer ysems -

w Modular HPC L B Rudens hardware
_—__System DEEP w \ /| infrastructure
- CTEARM ) D-Wave Quantum Annealing System [ ] BSC-CNS .VSC HPC
\. HPC System | I Appta!ner HPC System JUPITER ___Systems )

\ . Quantum SVM C Container (. Aachen |

. CTE-AMD (SVR) Python Code _ Al Environment Mare Exascale .

L HPC System | = \ Nostrum System ’I Systems |

RASE

Center of Excellence

The strategy of “ready-to-
run toolsets” Presented at
CASTIEL Code of the
Month event (2023-07-26
public Webinar), where to
put the tools in the
overview, e.g. HPC4Al,
PhzDLL, etc.?
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RAISE

Center of Excellence

Task 2.5 — Status: Process building Al/HPC Methods

Requirements - WP3, WP4

CoE RAISE

Out-Reach via

e o Jointly Develops

Different s
Channels s
T Co-Design Input Sub-Task 2.5.1 Framework
— Adoption by (new) reCol_lec’( & F:ezlfize
. g . A & Al Co!nmunities, case‘:‘:rr\zrgzr\;eslop :Z?/el
Dissemination [Ediissiised AI/HPC methods & a Task
ERENIWINS matrix overview 2 4
WELCOME -
RAISE CoE Seminar;
Distributed
Rabe Support YouTube
In-Reach Awareness Trairings
/ HPC/Al Methods Fine Tuning WP6 g
Share & D ibe C - Perf Al S &
WP3, WP4 *Sectional HPC/Al Trsining £ uss caes Use
S — Methods alongside the developers to scale novel
- niqu: ramework ethods WP3 WP4 Cases
Al Methods Trainings & . qCZn'::aznents ‘ Qagfgshgx;scale — ;‘
g
Encourage Adoption . T
9 P Sub-Task  Cross-Sectional Sub-Task

via Interaction Rooms \

|
2052 HPC / Al Methods 2.5.2

Tasks
2:052.2:2:3

Infrastructure &
Benchmarking
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Q&A: NCC Feedback for Adoption & New RAISE Use Cases

European Researchers &

Target el A Scientific Communities
Markets

Industrial Experts HPC site certification,
Services Consulting & Training works with CoE RAISE’
in HPC/Al at Scale Toolset of Framework
European
domain-specific
Channel fell .
<ok Digitd Size of HPC
stakeholder
CoE RAISE innovation
, gs  Open-Source . mpeat VY'th
Technology Innovation B Framework & 7 gr?tr())lrl?gaftlaz
Al/HPC Skills é’ )
/ v CoE RAISE

Expand Impact
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RAISE

Center of Excellence

N

Extension Period: Addition of new stakeholders (e.g., NHR4CES Project,
ARDS/Covid-19 use cases SMITH, etc.) —
more needed = input to deliverables at M42!

Use Case sk e PINN ANNs. CHN NO GHN RNN = ™ ac | RF
sm
Details # caE | va- | P | Anw | RBF- | u- | Res | oww | Eno | mer | GaT | LsTw | GRU | wean | cGAw | mviT | viviT | swin | T
VAE ANN | Net | NET F
A for turbulent 31 x x | x X
boundary layers
A for wind farm 3z x X x
layout optimization
A for data-driven 33 x x
models in reacting
flows
Smart models for 34 X j ‘% x
next on
aircraft engine
design y \
F \
A for wetting s x X 4 % x
hydrodynamics i V\
Event reconstruction | 4.1 L | \ 2
and classification at
the CERN HL-LHC
use case
Seismic imaging with 42 x X X , X x x| x x
remate sensing for
energy applications
Defect.free metal a3 | x| x x x | x x
additive
manufacturing
Sound Engineering | 4.4 x x
NHRACES Project | ext x




Al for turbulent boundar

P

Smart models for_next-gener

aircraft engine design
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Compute & Data-Driven Use Cases of HPC/Al Methods
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 RAISE

Center of Excellence

Extension Period Discussions: Update of our use cases — but what new external use cases can we add, e.g. TrustLLM?, interTwin?, NCCs?

Use Case

Task

PINN

ANNs

CNN

NO

GNN

RNN

GAN

RF

£8

CcP

Details

CAE

va-
VAE

PINN

ANN | RBF-

ANN

Net

RES
NET

CNN

FNO

MLPF

GAT

LSTM | GRU

WGAN

CGAN

MViT

ViviT

Swin | T

A for turbulent
boundary layers

3.1

A for wind farm
layout optimization

3.2

Al for data-driven
models in reacting
flows

3.3

Smart models for
next generation
aircraft engine
design

34

Al for wetting
hydrodynamics

3.5

Event reconstruction
and classification at
the CERN HL-LHC
use case

41

Seismic imaging with
remote sensing for
energy applications

42

Defect-free metal
additive
manufacturing

4.3

Sound Engineering

44

NHRACES Project
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WP 2 — Summary, Conclusions, and Next Steps

European Researchers &

Target i SME 3 Scientific Communities
Markets

Industrial Experts iR b ' HPC site certification,
Services Consulting & Training Al : works with CoE RAISE
in HPC/Al at Scale 1ethoas for SCale Toolset of Framework
European
domain-specific
Channel fell .
<ok, Digial Size of HPC
stakeholder
CoE RAISE innovation
Open-Source impggt “{'th
Technology Innovation Fratriework 2 amplification
: factors of the
Al/HPC Skills
/ CoE RAISE

« Expand Impact »

RAISE

Center of Excellence

Working with new RAISE stakeholders
(e.g., NHRA4CES Project, ARDS/Covid-19
use cases SMITH, TrustLLM, etc.)

Adopt framework components where
possible in NCCs & EuroHPC JU Hosting
Sites — use cases to add to our matrix
Working on final Deliverables D2.4, D2.11,
D2.16 together — shifted to M42?

More YouTube trainings & WP6 News

2023-08-28 - WP2 - Al- and HPC-cross methods at exascale Overview and plans
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