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WP2 Agenda & Tasks

Work package 2 presentations 13:15 - 14:25
13:15-13:25 | WP2 (UOI): Introduction Al- and HPC-Cross Methods | M. Riedel
at Exascale
13:25-13:40 | Task 2.1 (BSC): Modular and heterogeneous G. Houzeaux
supercomputing architectures
13:40 - 13:55 | Task 2.2 (FZJ): Hardware prototypes E. Inanc

13:55-14:10 | Task 2.4 (UOI): Software design of a unique Al M.Riedel

framework
14:10-14:25 | Task 2.5 (UOI): Cross-Sectional Al Methods M. Riedel
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WP2Task 2.4 RASE

Center of Excellence

In this task, the software design of a unique use-case-driven Al framework is commenced within
the frame of a planning and strategy layout phase. Therefore, the task contributors perform a use-
case requirement analysis to decide on a generalized layout of the framework that includes all
necessary components coming from the use-cases. It ensures that the developments in the use-cases
are in line with a future integration into a generalized software framework by continuously
monitoring them. A lively interaction between the framework designers and the use-case developers
is necessary to find a layout, which is suitable for a generalized approach. Interfaces and APIs are
described in detail together with the use-case providers to ensure the generalized approach and future
sustainability of the framework as well as its easy application. It is ensured that use-case results are
furthermore in line with the Design and Development of new Service prototypes task of PRACE
5IP/WP6. Suitable use-cases will be contributed to the PRACE GitLab Data Analytics project.
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WP2 Deliverables — Status

Lead

Dis.

Del

Responsible Editor,

Reviewers from

Date draft av. for

Deadline

Submitted to

RASE

Center of Excellence

e e benificiary W Level | mo. WP ST Authors g M PMT int. review subm. to EC |[EU on
Best practice guidelines/tutorials for . G. Houzeaux/ S. Richard/ A. Lintermann/
D2.1 MSA/heterogenous systems BSC R PU 2 | M. Riedel/ UOI BSC SAFRAN F7J 08.02.2021 28.02.2021 | 26.02.2021
. L . . A. Lintermann/ V. Khristenko/ J. Lopez/
D2.5 |Best practice guidelines/tutorials prototype |FZJ R PU 2 | M. Riedel/ UQOI F7) CERN ParTec 08.02.2021 28.02.2021 | 26.02.2021
. I. Schmitz/
D2.6 |Support report FzJ R PU 6 | M. Riedel/ UOI E. Inanc/ FZJ R. Heylen/ FM ParTec 09.06.2021 30.06.2021 | 25.06.2021
D2.12 |Software framework layout plan uol OTHER |PU 9 | M. Riedel/ UOI M. Book/ UOI R. Speck/ FZJ J"DI;;P::/ 09.09.2021 30.09.2021 | 30.09.2021
D22 |Reporton porting & performance BSC R PU | 12 | M.Riedeyuol | & HouzeaW 1\ yeinkes RwTH | A HNEIMaND 1 o 142021 | 31.12.2021
engineering BSC FzJ
D2.14 |Report on novel Al technologies uol R CcO 12 | M. Riedel/ UOI M. Riedel/ UOI | S. Kesselheim/ FZJ Jp:?—?:il 29.11.2021 31.12.2021
D3.1  |Reporton outcomes of WP3 use-cases  |RWTH  |R co |12 | W-Sehroder Iy vicinke/ RWTH| S. Schimpert/ FM | 9-LoPeZ/ 20112021 | 31.12.2021
RWTH ParTec
D4.1  |Report on outcomes of WP4 use-cases CERN R CcO 12 |M.Girone/ CERN| E. Wulfff CERN | H. Neukirchen/ UOI L g:rh_l_rzltt:ﬂ 29.11.2021 31.12.2021

» Talk of Task 2.4 (UOI): Software design of a unique Al framework includes interaction room process for co-design & more D2.12 details
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Towards Al & HPC at Exascale with CoE RAISE Results RAISE

Center of Excellence

Lo

Hardware Infrastructure / + \ GRAFHCORE

Prepare & Document available production systems at partners’ HPC centers

Use Case g
Requirements & ) Examples: JUWELS (JUELICH), LUMI (UolCELAND), DEEP Modular Prototypes, JUNIQ (JUELICH), etc.

Feedback

Software Infrastructure

. Prepare & Document available open source tools & libraries for HPC & Al useful for implementing use cases
Data-Driven

Hardware Use Case - = Examples: DeepSpeed and/or Horovod for interconnecting N GPUs for a scalable deep learning jobs
Infrastructure Requirements &

Computing-driven Use Cases Requirements & Feedback

Use cases with emphasize on computing bring in co-design information about Al framework & hardware

UNIQUE Al () Examples: Use feedback that TensorFlow does not work nicely, so WP2 works with use cases on pyTorch
FRAMEWORK

Al at Exascale Data-driven Use Cases Requirements & Feedback

Methodologies Use cases with emphasize on data bring in co-design information about Al framework & hardware
OPEL. ' SOURCE COMM!™ «(TY

AI & HPC BEST PRACTICES

EuroHPC & PRACE - UNIQUE AI FRAMEWORK

EuroCC NCCs

Examples: Deployment blueprint by using Al training on cluster module & inference/testing on booster

Living design document & software framework blueprint for using HPC & Al offering also pretrained Al models
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Fact Sheet Process of CoE RAISE & Early Co-Design Examples RAISE

Center of Excellence

- — — processing-
[*ﬁ‘} (Near) Real-Time Processing ][—_‘r} [J# na))—{Distributed) DL Training] [ : : “ML Hyper-parameter Tuning & NAS|| infensive RS
applications
y -ttt vy T TTTTTTTTS v
PRAC HPC Infrastructure ~ ﬂi’,‘fdﬂ Commercial Cloud ‘JUNI@JueIich Unified Infrastru?ture ) computing
PRACE & &) Google Cloud Vendors @ for Quantum Computing | jnfrastructures
S — A ___ A
v v v h 2
Other Modular || g4 AWS EC2 & DL @ D-Wave | innovative
EU ) A HPC Amazon Machine Image Systems computing
HPC g System (AMI) & Elastic Map Quantum T
Systems d JUWELS Reduce (EMR) Example Annealer
A ? L
v v v 3 v
MPI ML/ DL Apache || (g D-Wave Quantum | technology
OpenMP - Libraries Libraries Ocean SvMm libraries &
Modules Tensorflow g apis iz a API Python
Aracsi i ck-a S
DeepSpeed Spr Library Code S
N
P i core Quantum Quantum
Processors Chip Chip
(high single thread (‘Accelerators’ with low Pegasus DW2000Q
performance: ~24 cores) performance, ~7000 cores) 5000 Qubits 2000 Qubits

@ Parallel ML implementations still rare (MP1/OpenMP) ) @Costs of GPUs of CC vendors (e.g., EC2) tough, MS/houD Legend:

@ Open source tools good, but all need to fit in versions ) @ GPU hours are free, but requires time grant proposal ) ®

Highlighted
Chall &

@ Look & feel of CC vendor ML services differ significantlb Worl:s not yet with multi-class problems & large data ) Experiences

@ Using very many GPUs beyond NVlink could be tricky ) @ Free GPUs in Google Colab vary in the available types )

Riedel, M., Cavallaro, G., Benediktsson, J.A.: Practice and Experience in using Parallel
and Scalable Machine learning in Remote Sensing from HPC over Cloud to

Quantum Computing, in conference proceedings of the
IEEE IGARSS Conference, Brussels, Belgium, 2021,
Physical and Online event, to appear
https://igarss2021.com/

Riedel, M., Sedona, R., Barakat, C., Einarsson, P., Hassanian, R., Cavallaro, G., Book, M.,
Neukirchen, H., Lintermann, A.: Practice and Experience in using Parallel and Scalable
Machine learning with Heterogenous Modular Supercomputing Architectures,

in conference proceedings of the IEEE IDPDS Conference, Heterogenous

Computing Workshop (HCW), Portland, USA, 2021, Online, to appear

https://www.ipdps.org/

IPOPS

% 2021 Portland

processing-

~

Pull the docker
- $ cd winter

Soms proparation
@ov'\d-lg Chest X-Rays Analysis] [n ARDS Time Series Analysis] M Neuroscience & BigBrain Research intensive : - nmm;:::;;::hzz (o 4 ¢ Sz e
B Y Sk export THPDIR-S(mktems -4 - uinterschool. th
A) / c) A applications .
—

- ) Stes into the container
et | £ Singarity snell s s1¢
paage - Infrastructure \:53 EureHPC . LUMI Supercomputer (Qm HIBALL & Canadian computing $ tingarity bl et !
D PRACE MRREE nderaling CBRAIN infrastructure fnfrastmcfurﬁs . counload a dstaser. RL.

< L narq 4

$ Git config --global user.name ~Your nase’

5 A Tt o § pit conflg -global user.email “peturhelgifgnall.con”
v _~T-------= ¥ .----"Ua_""."" i Stngularity> datalad fnstall hetps://ghthub.com/CONP-PCHD conp- dataset - git
Modular ' Modular (" i N | Canadian CBRAIN ; 2
HPC HPC Singularity | Ly Docker Resource Execution| 11 ovah_ve ARDS Time Series Analysis
System || 2 System Container Container computing | -
DEEP - DAM || = uwers | () Environment E""'“‘“'"E"T resources |

LDeepSpeed

.Dlstnbute AT
Training @ >
Tools +

,:n} [J-oralp— Management t?c”n_o"c’gy
ML/DL 5 libraries &
renserrio Libraries packages

Git-based Data

Parallel™ Scalable
File Storage
System | Service
(Lustre) / Module
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WP2 — Fact Sheets in Close Collaboration with WP3/4 RASE

A o R
i Real-World Canvas T

Problem Canvas
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Parameter space optimization (Reynolds number,
Mach number, etc.) (e.g., maybe particle filters?

Modeling Decomposition Canvas

& solving Turbnlent boundary layers

rag reduction & Predict Friction Drag for certain parameter
setups (Relationship Digg reduction
o Ty
v RV Wind farm layout optimization

Stuttgart HPC ‘ JUWMEéi DEEP innovative
Calculations HAWK Sstem ‘ Cluster computing for data-driven models in reacting flows
(whole Stuttgart system) resources
- mart models for next-generation aircraft
ﬁ engine design

P — X i

2 i b s

— ¥
MPI& Saiver{dferentiypes) |(  Distribute ( o JutherLahI
.OpenMP L 7Fs [ Fa sl [ JESH & upyter | technology

Libraries Zonal Flow Solver

~250000 cores (CPUs. {—] L !
T‘ . /P Windfarm Optimization Renewable Energy & CO2 Reductiofy Predictions of generated POwer ] intgnsiys
|

il eisinic imaging with remote sensing - oil and
gas exploration and well maintenance

Scalable|  ZFS netcdf Infrastructure ind Farm computing
PRACE
Storage | ZFS>HD | < PRACE ‘ . Bgc ME ::E Ncs:‘; Em ]l Iberdrola renov: ny |infms[ructures Defect-free metal additive manufacturing

The struc'
Is the hie

Wetting hydrodynamics

Event reconstruction and classification af the
RN HL-LHC

Ay

MareNostrum Co-executing Modeling
Cluster Surrogate > Figure from Talk model CPU / GPU e

. Powerd Large Eddy Simulations (LES),

WORK

e e [ Water Harvesting Applicalions][p; Oil recovery & extraction ] Lab on a chip devices

— JupyterLe S —
H1f el & Jupyte v I N

| F oL .~ Noteboo Wetting Hydrodynamics: how liquids interact modeling
Libraries pyTorch Jlf 1 Libraries with heterogenous surfaces (e.g., rough surfaces, soft surfaces, etc.) - properties for all material types relevant simulation

PROGRESS

CASTORC Cyclone Modular i i
No direct Standard T \ulti-core i e innovative
computing

standard in fonna Processors System
resources

data, only Formats (high single thread
. " JUWELS
parallel /0 _ || (COF Combustion) ) e formance: ~24 cores)

v
Openfoam Lo MyDpL olog
C (using CPUs) o o] “Libraries ., tl?:g:yes g

~N cores = C .
0(100) , Physics-Informed DL packages
LY

'@ Multi-core <ANVIDIA Gpus

Processors
(‘Accelerators” with low

(high single thread
performance: ~24 cores) performance, ~7000 cores),
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WP2 Fact Sheets Iteration — Next Steps: Interaction Rooms RASE

Center of Excellence

> F O | I O W Tk T h rO U h B - Create WP2 Expertise Matrix Draft and Circulate for WP2 Review
g #7 - created 4 months ago by Morris Riedel (© WP2 Expertise Matrix Exists £ Aug 31, 2021
F 't S h ‘t ‘t- d % C | 1 v B - Perform Interaction Room Task 4.2 Seismic Imaging
> a C e e a C l O n S O n e O S I n g #31 - created just now by Morris Riedel
> | n te ra Cti O n ROO m S d O n e 9 C | O S i n g B - Perform Interaction Room Task 3.3 Reacting Flows & Task 3.4 Engine Design

#30 - created 1 minute ago by Morris Riedel

(continue within tasks, plan another roUNd NOW) £ .. wescon oo e a1 ronsament s
> Task-wise Interaction Rooms started

input tO Real-World Canvas 5 input tO input to ,“ ]“ :
Interaction - Milestone (M7) Deliverable D2.12 (M9) :

B

9
Room process | v AI/HPC Methods

—

% Layout plan Al Framework

\ 4 \ "4 Vo

Plan for next 12 Month B - Create Deliverable D2.12 - Software layout plan for a unique Al framework (M9)
= Use interaction room more often and #33 - created 19 hours ago by Morris Riedel
have more meetings with WP3/WP4

' B - Create Milestone M2 - Al/HPC Methods (M7)
#32 - created 19 hours ago by Morris Riedel
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HPC Systems Engineering in the Interaction Room Seminar RAISE

Center of Excellence

» 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 s
& WP4 experts in an open minded way |:

» Process will be guided

= HPC Systems Engineering B3 [teraction Room
g in the Interaction Room ?

Matthias Book

. o,
by Prof. Dr. Matthias Book wit Moris Riedel, Jlch Suercomputing Cente /Uol {5 Ui oicemss .
and Helmut Neukirchen, University of Iceland e

(University of Iceland)

> Supported by Software AT
Engineering & testing expert YO u Tu he W\
Prof. Dr. Helmut Neukirchen B \

(University of Iceland)
» CoE RAISE @ YouTube: https://www.youtube.com/channel/UCAdIZ-v6cWwGdapwYxdN7dg

Book, M., Riedel, M., Neukirchen, H., Goetz, M.: Facilitating Collaboration in High-Performance Computing Projects with an

> M etho | Ogy aS One CO E RAl S E OUtCO me 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

Exascale

Applications
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Interaction Room Status & Discussions —WP3/WP4 Overview  RASE

Center of Excellence

> WP3
> 13.1: Turbulent Flow (started)
» 13.2: Clean Energy (started)
> 13.3: Reactive Flows (started)
» 13.4: Engine design (started)

Use Case AE | PIML | ANNs CNN NO sMs GNN [ IN | LsTM | GRU
> T 3 5 ! C Oa t | n g (Sta rte d) Real-World Canvas tails cAE RBF- | U-Net | RESNET | FNO | AR | ARMA | ARIMA JEDI-
. . ANN net
\ t
\ X X

> WP4

Problem Canvas

» T4.1: Fundamental physics (started)

> T4.2: Seismic imaging (started)

\\
>
=
o]
=
=3
@
o]
2]
c
=
@
O
)
=}
<
)
2]

» T4.3: Manufacturing (started)

Decomposition Canvas

» T4.4: Sound engineering (started)
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Interaction Rooms via MURAL Boards & Refinements for D2.14 RASE

Center of Excellence

Problem Canvas

smaller inputs

Data Canvas

smaller inputs

ehtEOB% I EBOL
eHaeBOO% i@ '
vHhtEOCENR IEOL

S ITIEF Y Il

Interaction Room 3.4
Engine Design

r odel Canvas

focus input v) ®80

B s BOLe? T

g3 e
&
=
&
@
-
-
B
-]
»
B
[
3
+
~

P CTNICCTNe CaTvae

> TBD(Morris & use cases): another round of Mural board sessions
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E-wp2
& Actions & Scoreboard

O
e

Follow-through & Compelling Scoreboard

& Fact Sheets

O
&

Fact Sheets & Materials

O
[

"“Interaction Rooms

] E “IR Mural Links

- Library

O
[

IR Mural Links

IR3.1 Turbulent Flow: https://app.mural hiasbook885. thiasbook8855/1621377866397/8613¢384d54{661b5e78599{f307a4ce82a9090c0?sender=ul5¢3008bb41d6628a5bb5701
IR3.2 Clean Energy: https:/app.mural.cc thiasbook8855/m/matthiasbook8855/1621377887905/cb44ccaleedd3bb9964fbfa36afl 6b1bfece085f?sender=ul5e3008bb41d6628a5bb5701

IR3.3 ive Flows: https://: mural t hiasbook885: hiasbook8855/1621377959022/0¢363886124833ecb19b025d87324b57fd50e2db?sender=ul5¢3008bb41d6628a5bb5701
IR3.4 Engine Design: https://app.mural.co/t: hiasbook8855/m/ thiasbook8855/1621377976343/8d7ababbe09af3b2ffd305d2f709¢5366 1ac889d?sender=ul5¢3008bb41d6628a5bb5701

IR3.5 Coating: | S:, mural thiasbook8855, hiasbook8855/1621377991014/7a5d7eleaf230178342d1e1d4a84d656d9055d52?sender=ul5¢3008bb41d6628a5bb5701

IR4.1 Fund: I Physics: https://app.mural.co/t/ hiasbook885: hiasbook8855/1621378007555/6f0d5285feaccSeafa515bd6676e84d8b4879d39?sender=ul5e3008bb41d6628a5bb5701
IR4.2 Seismic i https://app.mural t/ hiasbook885: hiasbook8855/1621378023838/a0b9503abb83 7ae: lbb8d9adbec33874998?sender=ul5e¢3008bb41d6628a5bb5701
IR4.3 Manuf: ing: https://app.mural.co/t/ hiasbook8855/m/ hiasbook8855/1621378038069/93df6fa7a41093f4caac7be9d72979de2bad2b9d?sender=ul5¢3008bb41d6628a5bb5701
IR4.4 Sound Engi ing: https://app.mural t/ hiasbook885: hiasbook8855/1621378050431/b5fa12219002404059f90a4bbb0101fa379a8503?sender=ul5e¢3008bb41d6628a5bb5701
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Compelling Scoreboard Status —Month 9
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' . Drafts pe Rooms, 4 Exploration &
v AN
¥ L Fact Sheet Interaction AI Methods
» T3.2 Drafts P Rooms, 4 Exploratior,
: -—
Interaction Al Methods
pe Exploration v

based on
Milestone (M7)
AI/HPC Methods

Real-World Canvas

Problem Canvas

Based on
Deliverable D2.12 (M9)

, " Layout plan Al Framework

Fact Sheet
Drafts 4

—
———VI nceraction Al Methods
sy | 3.4 g , Plan for next 12 Month

= Revise the matrix and framework and start |
implementing the framework core

018-2020

‘ﬁ T3 5 Fact Sheet Interaction Al Methods
’ . Drafts 4, Rooms Exploration v
v v AN

building blocks
= Create WP6 November News Item on
Framework and updated AI/HPC Matrix

T 4 1 Fact Sheet Interaction Al Methods
= . Drafts 4 Rooms, ¢ Exploration =
;7. " ;¥

Al- and Sii

CoE RAISE

Center of Excellence "Research on Al- and
Simulation-Based Engineering at Exascale”

\ 4

S j T4 2 Fact Sheet Interaction Al Metllqu
. Drafts 4 Rooms 4 Exploration T2
AL | T4 3 Fact Sheet Interaction Al Methods
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Date: 28.00.2021



D2.12 Framework (Mg) — Initial Blueprint for Discussions

> Available in BSCW: https://bscw.zam.kfa-juelich.de/bscw/bscw.cgi/3694045

RAISE

Center of Excellence

ﬁ v' RQ1, RQ2, RQ4, RQ5

¢+ Parts of the framework layout
plan is to provide Kernels for
Jupyter notebooks with correct
version setups of modules
for specific HPC Systems

@ v' RQ3, RQ6

*,

%+ Parts of the framework layout
plan is to provide a lightweight
and abstract Python API
building on ONNX enabling also
exchanges via MLFlow/ClearML

Gther ascae APCE AT P1OCeSSIng-
Compute-Intensive CoE RAISE Use Cases] Data-Intensive CoE RAISE Use Cases| |.£% ther xascg e intensive
A B = Community Use Cases T o
L )5 I
7 © PP
Secure Sheel Access (SSH) using batch o Interactive Jupyter notebooks with JupyterLab sharingJ Referen(.;e".
;D ‘submits to scale-up distributed training ?‘E\. of datasets and scripts for rapid DL model prototyping Architecture
[ elements of
, _ _ CoE RAISE
API to specify required models in ONNX format API to share and re-use of Al models of the MLFlow unique Al
£) also enabling re-usability of existing Al models =\ community platform, tools, data, and Al models framework
fﬁ/ for Exascale
Slim Facade Pattern to encapsulate Wrapper-scripts for using concrete | " (“as * HRE&Systems Jibrary config HPC & Al
oncrete use case implementations I scalability-proven Al frameworks library availability check§] ] ===« Mﬁtf.’?.‘!.s.,__
z H > N J )
a r.il Basic Science & Al Libraries ,F‘ . TensorFIoW'&E’y:l’orch P L /- Horovod / PyTorch-DDG software
" i.e., simulation & data sciences) Basic DL / ML librattes. o U Distributed Deep learning ) | jnfrastructure
() O, ()
‘ ________ e = e e s .
Modular o Modular = > BSC-CNS
\_/ Singularit il Singularit rdw:
% HpE N ks ' Coﬁtainez Q ' Coﬁtaine\r/ HRGSystem % ha are
System § Sy st (8§ Environment] ] Environment Mare ) infrastructure
prototype DEEP || ™ JUWELS \sJ i -.Cs{ Nostrum '~....
L3 Taee

.
L .

Legend:
Tangible outputs of
RAISE WP2
, as part of the unique Al

framework layout

@ v’ RQS, RQ7, RQ8, RQ9

¢+ Part of the framework layout plan is to provide containers in
Singularity with prepackaged datasets & software stacks
needed for Al agnostic to hardware & good 1/0 performance

2021-11-24 RAISE All Hands Meeting, WP2 Task

d v RQ1, RQ2, RQ8, RQ9

+¢+ Parts of the framework layout
plan is to provide a lightweight
Python API that abstracts from
low level versioning of Al
packages (with proven
scalability) and is harmonized
with different available HPC
system module versions

2.4: Software design of a unique Al framework
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