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Outline RASE

Center of Excellence

Task 2.5 Process
Overview

Challenges in using Al Methods on HPC at Scale
- Toolset Challenges & Unique Al Framework Activities (previous talk in workshop)
Understanding Skillset Challenges on cross-sectional HPC/Al Methods

Lessons Learned of HPC/Al Methods Matrix Process

Meetings & Interaction Room to Dive into Method Details
Evolution on the Adoption of HPC/AlI Methods

Role of Hyperparameter Optimization towards Exascale
Role of Quantum Computing as Accelerator

Role of YouTube Trainings for Skillset Building

Summary & Q&A
Feedback from NCCs on Al/HPC Methods
- Additions of new use cases with new Al/HPC methods
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Task 2.5 Process RAISE

Center of Excellence

Requirements - WP3, WP4

Out-Reach via CoE RAISE
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matrix overview
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Dissemination e

Raise Support
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Infrastructure &
Benchmarking
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Challenges in using Al Methods on HPC at Scale

O 0
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Complex Challenges of a wide area of Toolsets & Skillsets

Al for turbulent boundary layers
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Realization of SW Framework — Task 2.4 Achievements
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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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Compute- and Data-driven Use Cases — Data & Modeling RASE
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Use Cases — Many Al Models & Hyperparameter Relevance RAISE
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WP2 — Al- & HPC-Cross Methods at Exascale in a nutshell RASE

> WP3 (Compute-Driven Use-Cases towards Exascale)
> WP4 (Data-Driven Use-Cases towards Exascale

> Developments in these WPs will be
supported by the cross-linking activities of WP2

> E.g. scaling machine & deep learning codes
with frameworks like Horovod/Deepspeed

> E.g. introduction to new Al methods such

as Long-Short Term Memory (Time series) &

> E.g. data augmentation approaches

> E.g. benchmarking HPC machines and offer
also pre-trained Al algorithms (i.e., transfer learning) Y

® Management

> E.g. offer neural architecture search methods for

D
t

at Exascale ® Business Development
0

hyperparameter — tuning in semi-automatic way R e

@ B ; =
( \ WP1 CoE stakeholders
WP6 & customer

v

WP2,3, 4

2023-08-28 T2.5 - Cross-sectional Al methods - Status and next steps
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Lessons Learned of HPC/Al Methods Matrix Process

O 0
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HPC Systems Engineering in the Interaction Room Seminar

» CoR RAISE Interaction Room Process as Next Step

> Supports the proper software engineering
design of the unique Al framework blueprint

>

>

>

>
>

Expecting to work with WP3

& WP4 experts in an open minded way

Process will be guided
by Prof. Dr. Matthias Book
(University of Iceland)

Supported by Software
Engineering & testing expert
Prof. Dr. Helmut Neukirchen
(University of Iceland)

CoE RAISE @ YouTube

Methology as one CoE RAISE outcome

2023-08-28 T2.5 - Cross-sectional Al methods - Status and next steps

Architecture Canvas

RAISE

Center of Excellence

HPC Systems Engineering

Bo Interaction Room
communicate - understand . decide

in the Interaction Room 08

Matthias Book

with Morris Riedel, Jilich Supercomputing Centre / Uol i‘T{ﬁE iﬁ:,‘::z,s"f:,,ﬁf“'ffk::ﬂ‘
and Helmut Neukirchen, University of Iceland ERaNS

oy . 1018

| technologies Applicati;ns Exascale

[1] Book, M., Riedel, M., Neukirchen, H., Goetz, M.: Facilitating Collaboration in High-Performance Computing Projects
with an Interaction Room, in conference proceedings of the 4th ACM SIGPLAN International Workshop on Software
Engineering for Parallel Systems (SEPS 2017), October 22-27, 2017, Vancouver, Canada

[5] Book, Riedel, Neukirchen, Erlingsson: Facilitating Collaboration in Machine Learning and High-Performance Computing

Projects with an Interaction Room, International Workshop on Software Engineering for eScience, IEEE 2022
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Interaction Rooms with WP3/WP4 Teams RAISE

Problem Canvas

Data Canvas

smaller inputs smaller inputs

ehtTECB% FESAL? | Pevw
PH'ECARIHSL ? ! pese W
ehaTEEN IHEOL»? | Boiw. W

Interaction Room 3.4 ¢
Engine Design

MWepeiwratBo s SEO LT

Noessw PRI @Y G FEOLS Y]

lMadel Canvas

Al at Exascale
Methodologies

Problem Canvas ‘

Data Canvas

seAue) |2pow

Architecture Canvas

IR Mural Links

IR3.1 Turbulent Flow: hitps://app.mural.co/t/matthiasbook8855/m/matthiasbook8855/1621377866397/861 3¢384d54{661b5e 78599{1307adceRa9090c0?sender=ul 5e3008bb41d6628a5bb5701

IR3.2 Clean Energy: https://app.mural.co/t/matthiasbook8855/m/matthiasbook8855/1621377887905/cb44ccaleedd3bb9964fbfa3ball 6b1bfece0851?sender=ul5e3008bb41d6628a5hb5701

TR3.3 Reactive Flows: https://app.mural.co/t/matthiasbook8855/m/matthiasbook8855/1621377959022/0c363886f24833ech19b025d87324b57fd50e2db?sender=u15¢3008bb41d6628a5bb5701

IR3.4 Engine Design: https://app.mural.co/t/matthiasbook8855/m/matthiasbook8855/1621377976343/8d7ababbe09af3b2ffd305d2£709¢5366 1 ac889d?sender=ul 5¢3008bb4 1 d6628a5bb5701

book8855/m/matthiasbook8855/1621377991014/7a5d7el eaf230178342d 1e1d4a84d656d9055d52?sender=u15e3008bb4 1d6628a5bb5701

IR3.5 Coating: https://app.mural.co/t/matthi
IR4.1 Fundamental Physics: https://app.mural.co/t/matthiasbook8855/m/matthiasbook8855/1621378007555/6f0d5285 feaecSeafa5 1 5bd6676e84d8b4879d397sender=ul5e3008bb41d6628a5bb5701

IR4.2 Seismic Imaging: https://app.mural.co/t/matthiasbook8855/m/matthiasbook8855/1621378023838/a0b9503abb83 7Tac3e28af4bb8d9adbec33874998?sender=ul5¢3008bb41d6628a5bb5701

TR4.3 Manufacturing: https://app.mural.co/t/matthiasbook8855/m/matthiasbook8855/1621378038069/93df6fa7a41093f4caae7be9d72979de2bad2b9d?sender=ul 5¢3008bb4 1d6628a5bb5701

IR4.4 Sound Engil ing: hitps://app.mural.co/t/matthiasbook8855/m/matthiasbook8855/1621378050431/b5fa1221900240405990a4bbb0101fa379a85037sender=ul 5e3008bb4 1d6628a5bb5701

In addition to WP2 Monthly Meetings & Monthly Trainings

2023-08-28 T2.5 - Cross-sectional Al methods - Status and next steps
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Interaction Room Example: Task 3.1 & Detail Levels
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Cross HPC/AIl Methods Initial Evolution (MO = M7)

=7

Center of Excellence

Technical annex

Rescarch and Innovation actions
vari y
INERALDL.05.2020 - Centres af Becetfomer P e computin
S ale ¢ ting.

| RESEARCH ON AL Xm0 Stare
AL AND ST A0 BASED ENGINErRING AT Fxcse ALE(RAISE)

iyt of parvcipanes

e of the cordinsto: .+,
Organisation ¥ ’
o

Problem Canvas

Data Canvas

Table 6: Use-case vs. Al-methods matrix.

o
-

[rY——

L2 Man Poaing
(spectra smansicnl

Fuly Comnoceed

Sefuran Outsut
Laper Potabimes

RAISE

enter of Excellence

Use Case

AE

PIML

ANNs

Details

CAE

RBF-
ANN

U-Net

GNN

LSTM

GRU

RESNET | FNO | AR

ARMA

ARIMA

JEDI-
net

Al for turbulent boundary layers

=

Use-Case vs, AI-Methods s =

< “ wl|l =l &

a - < - & a -
Turbulent boundary layers X X X X X X
Wind farm layout aptimization X X X
AI for data-driven models in reacting flows X X
Smart models for next-generation aircraft X X X X
engine design
Wetting hydredynamics X X X X
Event reconstruction and classification af the X X X
CERN HL-LHC
Seismic imaging with remote sensing - oil and X X X
gas exploration and well maintenance
Defect-free metal additive manufacturing X X X
Sound engineering X X X X

Al for wind farm layout
optimization

Architecture Canvas

seAue) [Spow

Continously
Updating!

2023-08-28 T2.5 - Cross-sectional Al methods - Status and next steps

Al for data-driven models in
reacting flows

Smart models for next generation
aircraft engine design

Al for wetting hydrodynamics

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

Seismic imaging with remote
sensing for energy applications
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Cross HPC/AIl Methods Initial Evolution (M12)
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Use Case

AE

PINN

ANNs

CNN

NO SMs

GNN RNN GAN

SVM

Derails

CAE

ANN

RBF-
ANN

U-Net

RES | FNO | AR | ARMA

NET

ARIMA

JEDI- | LSTM | GRU | WGAN
net

Al for turbulent boundary layers

Al for wind farm layout
optimization

Al for data-driven models in
reacting flows

Smart models for next
generation aircraft engine
design

Al for wetting hydrodynamics

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

Seismic imaging with remote
sensing for energy applications

Detect-free metal additive
manufacturing

Sound Engineering
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Next Evolution: Cross HPC/Al Methods Table (M18) RASE

Center of Excellence

Interaction Room results: — =
Use Case AE | PINN ANNs CNN NO GNN RNN GAN TF SVM
> Update Of Matrlx Details CAE ANN gﬁfv— U-Net ﬁg?_ FNO | MLPF | GAT | LSTM | GRU | WGAN | MVIT | ViViT | Swin
> Components relatively constant fortubulentboundary | X | X X X
& COm mon Al for wind farm layout X X
optimization
> Methods change & new methods | atrdaedienmodes X x
added (e.g., Transformers, RFs) Smart models or o x x

generation aircraft
engine design

I Problem Canvas | ﬁly;c:tra\c’lv;wtgrr:?ics * . ” ’
< | x

\, Event reconstruction and
N ﬁ classification at the
§ a CERN HL-LHC use case
=
S Seismic imaging with X X X X X X X X
£ w remote sensing for
a g oZ ) | energy applications
8 >
2 ]
o S r Detect-free metal additive | X X X X X X
o (N ~ manufacturing
2 ala® —
Sound Engineering X X

Architecture Canvas
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Lessons Learned Example: Role of Hyperparameters

RAISE

Center of Excellence

| | | | i
A7\ o \ Do R/NSE Bw
Use Case AE | PINN ANNs CNN NO GNN RNN GAN TF RF
e WELCOME
Details CAE ANN | RBF- | U-Net | RES | FNO | MLPF | GAT | LSTM | GRU | WGAN | MVIT | ViViT | Swin r RAISE CoE Seminar:
ANN NET Hyperparameter Tuning with Ray Tune
7 Prof. Dr. - Ing. Morris Riedel et al. :

Alfor turbulentboundary | X [ X | X X Pie e o
Iayers ,’ _2021-10-25, RAISE CoE Seminar Hyperparameter Tuitng with Ray Tine

4 s o - . -l . =
Al for wind farm layout X ’,’ X it idach) e AR ES G O
optimization

P I "/
Al for data-driven models X X PR s
in reacting flows ’¢ - —— :
Feature Representation / Value
Smart models for next X X ,/ d Conv. Layer.Filtel*.s 48, 32, 32 Examples Of
generation aircraft ” Conv. Layer Filter size | (3,3,5), (3,3,5), (3,3,5) | Hyperparameters
engine design ,’ Dense Layer Neurons 128,128 .
', Optimizer SGD for a conVOIUtlonaI
. P Loss Function mean squared error
Al for wetting e L X s E - Activation Functions ReLU Neural Network
hydrodynamics ,f -
. - Training Epochs 600 CNN
] Pl Y Batch Size 50 ( )
Event reconstruction and ,, X - - Learning Rate 1
classification at the - . -
-, - Lez Rate Dec 5x10°°
CERN HL-LHC use case == et S =
Y
= Each change resul
Seismic imaging with X X X X - —ﬁ(’— X X X ac- L _ge esults
remote sensing for T ba5|cally in a new model
energy applications =T
Detect-free metal additive X X X X X X
manufacturing
\ .
Sound Engineering X X v
Y
l
\,\
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Lessons Learned Example: Role of YouTube Trainings

Created playlists

WELCO| SUMMER
RAISE CoE Seminar: SCHOOL
Ly 2022 oavs

RAISE training High Performance and Disruptive CoE RAISE talks
Computing in Remote Sensing...

Updated 7 days ago View full playlist
View full playlist iew full playlist

CoE RAISE — F

RASE @coeraise6339 0 u u — RASE =2 L RASE =
67 subscribers THANKS FOR JOINING WELCOME
RAISE CoE Training': . RAISE CoE Seminar:
HOME VIDEOS PLAYLISTS COMMUNITY CHANNELS ABOUT Quantum 5“P§§;fymi°;g:s :(:';2:“3 Algorithms Brief Ir;trfogucltioz to /:uzolencloders
Schoal of Em-mﬂmge;Nmmd Scierices, University of celand, lceland” - . 10D oS Hiece et

National Competence Center (NC) for HPC & Alin iceland ~ IHPC . +
2022-04-21, RAISE CoE Training Quantum Support Vector Maghine Algonithms, o™

RASE Be o RASE pHeaL gl RAISE T
WELCOME WELCOME
RAISE CoE Seminar: RAISE CoE Seminar:

Distributed Deep Learmng MLOp:
Prof Dr. [

5 3 ¢ WELCOME
HPC Systems Engineering with PAISE CoE Seminar: Git-based Data
the Interaction Room Open-S

Accelerating Machine Learning
with CUDA

Training Webinar

Melmut Neukirchen, Matthias Book, Morris Riedel
Uniersity ot celand
et

WELCOME WELCOME
RAISE CoE Training: RAISE CoE Seminar:

Transformer Models Graph Neural Networks
ea Se O OW u S O I I O u u e O WELCOME WELCOME Prof. Dr. - Ing. Morris Riedel et al. e Prof. Dr. - Ing. Morris Riedel et al.
RAISE CoE Seminar: RAISE CoE Seminar: School of Engineering & Natural Sciences, University of lceland, Icefand ™ - School of Engineering & Natural Sciences; University of iceland, ke\and X
HyperparameterTunmg with RBYTUI'\E Acre\eraung Machine Leammg with GvaphC(‘.re National Cumpe(eﬂ(e Center (NCC) forHPC & Al in Iceland - IHPC ‘ National Competence Center (NCC) forHPC & Al in Iceland - IHPC A
% ‘ 3 Ymmlng Ymm/z\m‘evl“ﬁkk Ontine * ' 5 2022-03-31, RAISE Cof Serfinar Groph Neuramrrwr‘* 5

Prof.Dr.~lng. Marrs Fiodel et . Prof. D e . [
§ in

get Informed about New Trainings ===y == =) BCEaiassatn
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Lessons Learned Example: Matrix Updates (D2.15 — M24)

RAISE

Center of Excellence

H2020-INFRAEDI-2018-2020

CoE RAISE

Center of Excellence "Research on Al- and Simulation-
Based Engineering at Exascale”
Grant Agreement Number: 951733

D2.15
Novel Al Methods Report (Update)

Final
Version: 1.0
Author(s): M. Riedel (UOI)
Contributor(s): H. Neukirchen (UOI), M. Book (UOI)
Date: 23.12.2022

RASE

Center of Excellence

Use Case

Task

AE PINN

ANNs

CNN

NO

GNN

RNN

GAN

RF

CP

Details

CAE | v@-
VAE

FINN

ANN | RBF-

ANN

RES
NET

CNN

FNO

MLPF

GAT

LSTM

GRU

WGAN

CGAN

MVIiT

VIViT

swin

A for turbulent
boundary layers

3.1

Al for wind farm
layout optimization

3.2

Al for data-driven
models in reacting
flows

33

Smart models for
next generation
aircraft engine
design

3.4

A for wetting
hydrodynamics

3.5

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

4.1

Seismic imaging with
remote sensing for
energy applications

4.2

Defect-free metal
additive
manufacturing

4.3

Sound Engineering

44

NHRA4CES Project

ext.
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Next Steps also include the addition of new stakeholders
(e.g., NHRACES Project, ARDS/Covid-19 use cases SMITH, etc.)
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Summary & Q&A RAISE

Center of Excellence
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Unique Al Framework Overview RASE

Extension Period Discussions: Enter into new realms of Al \Q[F -
for HPC: e.g., Large Language Models (LLMs) USE CASE
Developments

Extension Period Discussions: Focus on Adoption &
Community building towards UAIF & RAISE sustainability!

Joint Use-Case Open-Access Database 1 already heavily using and contributing
Services

Scalable Use-Case-Specific Al Methods

)

community
.|_

stakeholders

Generalizable and Scalable Al Methods @

ique Al Framew

System-Adapted Start Scripts

Education
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Al for turbulent boundar

P

Smart models for_next-gener

aircraft engine design

=y

Compute & Data-Driven Use Cases of HPC/Al Methods

”

ti 3
a |0T).§‘-

Mesoscale ~ 1 um

e
drodynamics
(%

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

European Researchers &

Target 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 iqi 5
COETS\'N%EJM Size of HPC
stakeholder
CoE RAISE innovation
impact with

s Open-Source
. Framework &
Al/HPC Skills

amplification
factors of the
CoE RAISE

Technology Innovation
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You( [T

Addition of new stakeholders
(e.g., NHRACES Project, ARDS/Covid-19 use

cases SMITH, etc.)
Use Case Task /'3 PINN ANNs CNN NO GNN RNN GAN L ac | RF | cP
svm
Details # CAE | VQ- | PINN | ANN | RBF- | U- | RES | CNN | FNO | MLPF | GAT | LSTM | GRU | WGAN | CGAN | MVIT | VIVIT | Swin | T
VAE ANN | Net | NET F
Al for turbulent 34 X X X X
boundary layers
A for wind farm 32 X X X
layout optimization
Al for data-driven 33 X X X
models in reacting
flows
Smart models for 3.4 X X X
next generation
ircraft eng
esign
A for wetting 35 b3 X X X
hydrodynamic:
ver nstruction | 4.1 X X
and at
e
ng with | 4.2 X x X X x X x| x | x
r
43 x X b3 X X b3
gl ing 4.

NHRACES Project ext. X X
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