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FORSCHUNGSZENTRUM JUELICH (FZJ)

Multi-Disciplinary Research Centre of the Helmholtz Association in Germany

(Juelich Supercomputing
Centre known as JSC)

= Selected Facts

= One of EU largest
inter-disciplinary
research centres
(~5000 employees)

= Special expertise in physics, materials science, nanotechnology, RESEARCH FOR GRAND CHALLENGES
neuroscience and medicine & information technology (HPC & Data)  [1] Holmholtz Association Web Page
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EUROPEAN UNION & COMMISSION PLANS

Supporting Artificial Intelligence & Supercomputers — Objectives are In-line with EU Strategic Plans

“Byv supportin 11 You Retweeted @ Mariya Gabriel & .
. y .pp . 9 . European Commission M & @EU Commission - Apr 25 s @GabrielMariya
strategic projects in frontline B | How can Europe be at the forefront of artificial intelligence, #datasconomy, We are proud of you @fzi isc for the
areas such as artificial = | and digital healthcare? earep Y JJsc tor
intelliaence. supercomputers #firstclass #supercomputing facility you run.
9 b ; P rit ’P 1 @Ansip_EU @GabrielMariya @EBienkowskaEll @Moedas Itis by efforts like yours that we reaffirm
] cy_ e secu y,o #DigitalSingleMarket #AI #EUaddedvalue and leadership in
industrial digitisation, and
investing in digital skills,

the new programme will
help to complete the Digital

groundbreaking technologies. It is by
cooperating that we will achieve our
objectives for #EU leader in #HPC

Single Market, a key priority of Mmmn
the Union.” ' the Dighal Single Market
. aLE LN - -
L) '
[11] COMMUNICATION FROM ) - : \ B
THE COMMISSION TO THE "
EUROPEAN PARLIAMENT, i,
THE EUROPEAN COUNCIL, 45115 | 4K viewers | v
THEEggLAIII;CMI;_C, ZI-I\IIiES%RCCI):LE AN Digital Single Market proposals: artificial intelligence, data econ...

European Commission @EU_Commission

COMMITTEE AND THE
COMMITTEE OF THE REGIONS,
EC, 2018, 2" May 2018

Q s 1 109 ¥ 1 M 8:28 AM - 5 Mar 2018
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JUELICH SUPERCOMPUTING CENTRE (JSC) OF FZJ

Simulation & Data Labs (SDL) using High Performance Computing (HPC) =s_Smart Data

Innovation Lab
Communities Smith ‘%

Research Research
Group High G
Productivity roups

Data
Processing

Smart Medical Information
[ Technology for Healthcare

S DEEP-EST
5% UNIVERSITY OF ICELAND
?’»,o*

SCHOOL OF ENGINEERING AND NATURAL SCIENCES i E U

FACULTY OF INDUSTRIAL ENGINEERING,

& ;.}, I
MECHANICAL ENGINEERING AND COMPUTER SCIENCE e PROJ ECT
'J JULICH JULICH

SUPERCOMPUTING
Forschungszentrum CENTRE

Cross- :
Sectional 4 —~, IDEEs
Team Deep :
Learning P iR Projects

Modular

Systems Supercomputer
JURECA Facilities JUWELS
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IBM Power 4+ /ﬁp EEP

JUMP (2004), 9 TFlop/s Projects

JSC

HPC Roadmap &
IBM Power 6

IBM Blue Gene/L
Key Vendors JUMP, 9 TFlop/s JUBL, 45 TFlop/s
JUROPA IBM Blue Gene/P
200 TFlop/s JUGENE, 1 PFlop/s

HPC-FF e S
100 TFlop/s

IBM Blue Gene/Q
JUQUEEN (2012)

JURECA Cluster 5.9 PFlop/s

(2015) 2.2 PFlop/s

JURECA Booster
(2017) 5 PFlop/s

JUWELS Cluster .

Module (2018) e el - Stom%e Server JUWELS Scalable

12 PFlopls =1 T 'S dular Module (2019/20)
Upercompuyter 50+ PFlop/s

General Purpose Cluster Highly scalable

PARTEC ‘ coﬁfigggﬁcs
CENTER
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DEEP SERIES OF PROJECTS

EU Projects Driven by Co-Design of HPC Applications

IDEEP

Projects

Strong
collaboration
with our industry
partners Intel,
Extoll & Megware

= 3 EU Exascale projects

DEEP
DEEP-ER
DEEP-EST

= 27 partners

Innovative HPC
hardware like Intel
Nervana Neon and
persisten RAMs

Coordinated by JSC

= EU-funding: 30 M€
JSC-part > 5,3 M€

= Nov 2011 — Jun 2020

St
:‘ £ UNIVERSITY OF ICELAND
RV

ise

iepcc|

KU LEUVEN

« Supercomputing
Cenmter
Contro Nacional do Supercomputacién

Juelich Supercomputing Centre
implements the DEEP projects designs
in its HPC production infrastructure
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Netherlands Insttuts for Radio Astron omy.
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( intel’)

[2] DEEP Projects Web Page



MODULAR SUPERCOMPUTING ARCHITECTURE

LIDEEP

Projects
GPU Module Cluster /Many-core Booster \ /Data Analytics\ Network Attached Innovative
Module Module Memory Module Ideas, e.g.
trained
/ = models in
memory
|
\ Persistent Innovative
memory memory,
aproaches e.g
/ faster than o
SSDs persistent
T — P | RAM
- ML N Intel . Innovative
= Dee .. ML Testin ervana :
: P Training 9, = Deep S chips, e.g.
earnlng Inference learning use of deep
M learning
- optimized
- chip designs
Storage | = Data ‘Big data‘/ P g
Module | .  Models parallel 1/O
——
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OTHER BIG DATA

INM-1
DEEP LEARNING FOR BRAIN MAPPING

How to map cellular
resolution human brain
architecture at high
throughput?

Prof. Katrin Amunts —

Millions of
image
patches

Expert annotation
(many hours of work)
7400 sections

(2-3 PByte / brain Deep Learning

|::> on High
Performance

computing

Automatic classification
Spitzer, Amunts, Dickscheid et al. (2018). Improving Cytoarchitectonic Segmentation (few minutes)
of Human Brain Areas with Self-supervised Siamese Networks. MICCAI

Work in Progress @ Helmholtz

Local HLST

. S NIV Helmholtz
B i Artificial Intelligence
e s Enoperaﬂnn Unit
) [ ]
E. ol

kst

lédd industry Partners

3 December 2018

PROJECTS & APPLICATIONS

Prof. Kristel Michielsen — JSC

Dr. Martin Schultz - JSC

=
(@)

Approximate
Quantum

Computer

—~

(=DO=3S0O0 OUI =~ov—Cco0=W

rZ4 wiope|d bunndwod wnjuenp payiun

D-Wave
2000Q
annealer

Prof. Abigail Morrison — JSC

W Be-

V\

RHINO

APURNG! NIl

m Niederschlags-

*|

SPONSORED BY THE

Federal Ministry
of Education
and Research

IntelliAQ: Anwendung von Deep Learning zur Interpolation,
Vorhersage und Qualitatskontrolle von Daten zur Luftqualitat

T Trorn Tn
prm— e—— pro ey
) 39
e
t T i
DEEP
NEURAL

E NETWORK
4787576

JARAH PC

1—r edback on new cases simulation data and evaluation

Model dta

Satellte data

DIAGNO“~'T

PKWB Jsc

CT data

CT data « |

Dr. Andreas Lintermann — JSC/RWTH
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medical expertise * [H—I

training

[ simulation |
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HPC & DATA SCIENCE: A FIELD OF CONSTANT EVOLUTION

Perspective: Floating Point Operations
per one second (FLOPS or FLOP/s)

1.000.000 FLOP/s = 1 GigaFlop/s = 10° FLOPS

= 1 TeraFlop/s = 10'2 FLOPS
= 1 PetaFlop/s = 10" FLOPS
= 1 ExaFlop/s = 10'8 FLOPS

© Photograph by Rama,
Wikimedia Commons

1.000.000.000.000.000 FLOP/s
~295.000 cores~2009 (JUGENE)

>5.900.000.000.000.00%
FLOP/s '

~ 500.000 cores
~ 2017 ot e

NEito. fnfmﬁ%m
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JUELICH AACHEN RESEARCH ALLIANCE (JARA)

Work in Progress & Developments of a Center for Simulation and Data Sciences (CSD)

JARA-CSD > CENTER FOR SIMULATION AND DATA SCIENCES

SIMULATION AND DATA FOR SOCIETY HOUSE OF SIMULA” & DATA SCIENECS SCHOOL FOR SIMULATION & DATA SCIENCES

SUB- SUB- SUB- SUB-
INSTITUTE [l INSTITUTE INSTITUTE INSTITUTE CHAIR LA
Computational High Perf.
Science (NN) (NN) (NN) (NN) Computing
(Lippert) (Miller)

ISD

INFRASTRUCTURE FOR SIMULATION AND DATA SCIENCE
JULICH SUPERCOMPUTING CENTRE

Tier-0/1 Infrastructure (NIC, GCS, Prace) SimLabs, Cross-Sectional Groups, <
0009 . (X RE N NN ]
Smart Exascale Computing integrating Community Software Infrastructure,

Datalabs, TechLabs

IT-CENTER RWTH
Tier-2/3-Infrastructure (GA)

Research Data Management,

Quantum and Neuromorphic Computing, Support for Research Activities & Teaching

Technology Development

BIDIRECTIONAL INTERACTION WITH SCIENTIFIC PROBLEM SOLVERS ACROSS SCIENTIFIC DISCIPLINES
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“sssSmart Data

INDUSTRY EXAMPLES - TRANSLAB & TOOLS  |nnovation Lab

Joint Use of Smart Data Innovation Lab (SDIL) Platform

| SAPHANA  IBMWatsonFoundations  SoftwareAG  Huawei
= Technology Platform for SAPZ inn § software S
Data Analytics IS 1 C 1
i W6 WY YUY g
= Key technologies from vendors T HANA 4 0 | sess [ o —
w.rt. commercial parallel & scalable| s | | | | —
machine learning tool platforms > ‘ Qrednat.
= SAP Hana, IBM DB2 & SPSS, N,
- o logimCluster & - &5
SOftware AG BIgMemOFy MAX, «HTCond¥ @rednat.  rE————— - \\V,I_ -
Huawei FusionlInsight, etc.
= Data-driven SIMDAS projects R y
agde o o \ I T [ ®| st
can leverage the platform (O Simuton @Dataddencs  swor  we s
(small proposal needed / case) ‘ | Q@) | [10] SDIL Web Page
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“ass SMmart Data

INDUSTRY EXAMPLES - TRANSLAB & TOOLS  |nnovation Lab

Joint Use of Smart Data Innovation Lab (SDIL) Platform

u S D I L Pa rtn e rS Data Set Curation* ?:rusjﬁj‘:eData Sets
Data;\I I:rc:lvidersI . . Research
. . and Industria
= Key players in German industry Research Questions l.-.
Faster
» Head of community Medicine —_— N s === Innovation
I . Project Support
(Prof. M. Riedel & Prof. A. Schuppert; e / Shared Secure *
both SM ITH ASIC Use Case pa rtnerS) Cutting Edge Research, LL. High-Performance Infrastructure
Analytics Approaches
& Algorithms Algorithm Repository Fair Share of
B e and Best Practices” Project Result
esfes) @ BOSCH =i ensw E==E A(IT
Z Fraunhofer \\_‘E)‘ J JULlCH W SIEMENS % software~
HUAWE! ) @ | e

ﬁ bitkom \l- BDV € sosc{rsw LN.|:4.I-:I..0

LABS NETWORK INDUSTRIE 4.0

[10] SDIL Web Page
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TOWARDS EXASCALE

DEEP Projects Series

Flop/s metric will become increasingly less(!) relevant

= Driven by application co-design of HPC & Data Systems

Support for less regular computational tasks

Significantly larger memory footpri
Extreme data processing capabiliti

Improved/optimized data transport

capabilities & specialized analytics

Scalable visualisation capabilities

Management of complex work-flows

Module 1
Cluster Module
|
M CN ; CN
nt -
Service Module cN Y oen
es Scalable Storage
. .
system System
Module 3
Data Analytics Module
Network

One plausible answer to those facts is
the modular supercomputer archiecture
driven by the JSC & DEEP projects

NVRAM

NAM

3rd December 2018
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Federation

[2] DEEP Projects Web Page

LIDEEP

Projects

Module2
Extreme Scale Booster




MODULAR SUPERCOMPUTING ARCHITECTURE

LIDEEP

Projects
GPU Module Cluster /Many-core Booster \ /Data Analytics\ Network Attached Innovative
Module Module Memory Module Ideas, e.g.
trained
/ = models in
memory
|
\ Persistent Innovative
memory memory,
aproaches e.g
/ faster than o
SSDs persistent
T — P | RAM
- ML N Intel . Innovative
= Dee .. ML Testin ervana :
: P Training 9, = Deep S chips, e.g.
earnlng Inference learning use of deep
M learning
- optimized
- chip designs
Storage | = Data ‘Big data‘/ P g
Module | .  Models parallel 1/O
——
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PROJECT EXAMPLES — HEALTH AREA smith

Techrology for Heal Ehﬁﬁ:?';
Bayer AG & RWTH Aachen + University Hospital & Forschungszentrum Juelich
= SMITH ASIC Use Case
= ASIC: Algorithmic Surveillance of Intensive
Care Unit (ICU) Patients & Focus on
Acute Respiratory Distress Syndrome (ARDS)
= University Clinic Aachen (UKA): ‘
. . . . . UKA-Schuppert FZ)-Riedel Bayer-Lippert UKA-Haferkamp
MaChIne Learnlng for patlent Strat|f|cat|0n PhénotylperTldentifikation und Phénotypent{ndVPldentifikation und || VP IdentifizierunAg,'ErstellungdesVP DIZ-Patenverngbarkeit
& Virtual ICU patient & riSk patterns :{'i:gif;c(i:i:?:%r;:zglcExpertensystem e Klflgegtg)nSUbgmppen_scratiﬁﬂerung
(WP 5/6/8)

» FZJ: Parallel & Scalable Machine

, o _ _ UNIKLINIK ¢ (] UNIKLINIK
Learning & Statistical Modelling via HPC RWTH J JUI:mH RWTH
= Bayer AG: clinical trial optimization in prevention [3] SMITH Project Web Page
studies & virtual ICU patients & organ models [4] SMITH Methods Journal *lgmmmy
and Research
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PROJECT EXAMPLES — HEALTH AREA smith

SPONSORED BY THE

Gth :
Federal Ministry
B | oo UNIKLINIK | \ b versita versitstsilin
and Research universitats Universitatsklinikum  &" & |y e e
S ; niversititsklinikum Essen
Smart Medical Information RWNTH < klintkumbonn Diisseldorf an’

Technology for Healthcare

F o3 MEDIZIN

"¢ INFORMATIK

R A INITIATIVE
Unsupervised Patient Stratification

- Dynamic clustering Predictive modelling Machine for

. - Critical state detection Algorithmic Surveillance of ICU Patients
Patient + state

paramters: | Enromenal =W :
individualisation bried s M Prognosis for

(Machine Learning) Individual patient

iil

g
e
%
2
3
Patient Data

generic model

(mechanistic) ! A
E é Patient subgroups Machine Learning, Patient association,
: & classifiers Subgroup specific prediction

adaption of generic model
to available data (Machine Learning)
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PROJECT EXAMPLES - HEALTH AREA Smlth

Technology for Healthcare

Bayer AG & RWTH Aachen + University Hospital & Forschungszentrum Juelich

= MCMC with VP models = Markov Chains Monte Carlo (MCMC) with Virtual Patient models

= In clinical practise not feasible with today’s computer technology
=> model reduction is necessary

10 runs required for MCMC = Virtual Patient (VP) model mapped into a deep learning network

= 1 run for a patient ~ 2 sec (1 core)

1 patient ~ 1000 core-h

Good news: 100% parallel = nice scalability and useful for booster

More data is helpful for more concrete feature selection w.r.t. ARDS

= Compute-intensive part of the Virtual patient model
will be mapped onto a deep-learning (DL) network
= DL-network has is numerically hard to train, but fast to simulate

1540 /‘
= Mapping strategy has been evaluated and applied at partner Bayer *Lﬂ %@ﬁ@]—
= Requires HPC (scanning of the full parameter space)
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PROJECT EXAMPLE - ARTIFICIAL INTELLIGENCE

UNIVERSITAT

ON4OFF

PSS R ©
Wekgenz”  adesso |

QP L Stadt-Parfiimerie

SEIT 1931 IN FAMILIENBESITZ

s Hochschule Nlederrhein

University of Applled Selences

»
G
jo
iy

o0

1
N NN N R o
% E e ——

)=

S errET—

Leitmarkt
AgenturNRW

-
#

-

Online Welt

Digital Twin

Lokalisierung
und Ratings

Kl gestiitzter Dialog

-

Rabattaktion

Produkt-
Vorschlage

Kunden-identifikation '

,

Adaptive-Case-
Management-
Modelle

Laden &

-

z.B. Kiinstliche
Intelligenz Modelle

-
-
-
-
]

EUROPAISCHE UNION
Irvestition im unsers Zukunft
Europaischer Fonds

for regionale Entwickiung

3rd December 2018

2054

Page 23

EFRE.NRW
Investitionen in Wachstum
und Beschaftigung

Laden-Lokal ®% ) ::
Check-in - “

Online

Wehshop

Ticiier

Customer
Loyalty Card

Back-end
Architektur

CEM System
— =
]
Pieper
Kassensystem
——

—— e — —
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== Industr
INDUSTRY RELATIONS TEAM (IRT) @ JSC Rehﬁ;"g

Examples: Selling Computing Time & Offering Code Optimization

SIEMENS E E

NDUSTRY

Long-term cooperation with

Siemens Power & Gas Department 1
= Simulation of combustion processes in turbine systems Comeuting Industry Fipertise
= Computing time on JSC Jureca HPC system . Legal
= Take advantage of application support team @ JSC ) : iﬁﬂ‘éﬂﬁ% IARAHPG | J5c
= Bilateral cooperations and partners in big publicly P _ac'_lftf & o, S{_i__mLa*gS

funded (Germany BMWI) project consortium

Outotec

Global leader in minerals & metals processing technology

= Computing time on JSC Jureca HPC System
[6] JSC Industry Relations Web Page

= OpenFOAM computational fluid dynamics (CFD) computations
[7] OpenFOAM Web Page

= Take advantage of application support team @ JSC
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== Industr
INDUSTRY RELATIONS TEAM (IRT) @ JSC Re'aﬁ*:ng

Examples: Selling Computing Time & Offering Code Optimization

—

= One out of four German Transmission System Operators
(TSOs) & designs, builds, and operates high voltage grids

D { t
Benchmark | senchmarke to

represent normal
Y system usage

= Selected Consultation & Expertise Services from JSC
included software & hardware guidance & support

. Design a HPG
DeSIQn platform layout

= Software: code analysis, optimization plan, work-flows

= Hardware: support of a purchase decision & cluster testing

Setup, test
and document
an initial test
platform

Ty

\!\ N\ . i3
o g ..

|

» Benefit for FZJ/JSC: Work on real industry problem with high societal
relevances & follow-up projects discussed like German BMBF projects

[6] JSC Industry Relations Web Page
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INNOVATIVE DEEP LEARNING TECHNOLOGIES

Short Overview & Role of Team Deep Learning for SIMDAS & Juelich Supercomputing Centre

Engeneer

= [nnovative & disruptive approach ey

Machine
Learning

[8] M. Riedel, Invited

YouTube Tutorial on Deep iﬂ_ =
Learning, Ghent University

smgeard By
TRk smmirsned

= Provide deep learning tools that work with HPC machines (e.g. Python/Keras/Tensorflow)

= Advance deep learning applications and research on HPC prototypes (e.g. DEEP-EST, etc.)

» Engage with industry (industrial relations team) & support SMEs (e.g. Soccerwatch)

= Offer tutorials & application enabling support for commercial & scientific users (e.g. YouTube)
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RELATIONSHIP BIG DATA & ARTIFICIAL INTELLIGENCE (Al)

Model Performance / Accuracy

small training sets

manual feature
engineering
changes
ordering

#GPUs  images/s  speedup  Performance per GPU [images/s]
1 55 1.0 55
4 178 3.2 445 15do
8 357 6.5 44.63 — @@H —
16 689 12,5 43.06 . Mo
2 1230 24 3844 JUREC A=f~ %
64 2276 414 35.56 L
128 5562 101.1 43.45
Large Deep Learning Network
Medium Deep Learning Network
Small Neural Network
Traditional Learning Models
,,,,,, ) - Py pn - SVMS fomel oo
Random = %’ "i p W
Forests | | / Qﬁ@o =

—
»

Dataset Volume

3 December 2018
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INDUSTRY EXAMPLES - INNOVATIVE START-UPS

Collaboration in Applying Deep Learning in Commercial Scenarios & Small Start-Up Guidance

= SoccerWatch.TV

= Start-up: created/joined
by a ‘exit-ing’ PHD Student @ JSC

» Besides upper leagues: 80k matches/week

[9] SoccerWatch.TV
Web page

= Recording too expensive (amateurs)
with camera man needed

= Approach: Find X,Y center and zoom on
panorama camera using Deep Learning

= Investor grant (1,5 mio €) adESSOJ

from Adesso AG

= Letter of intent/support already requested and relevant joint selected work elements have been already discussed
= Further German BMBF project has been submitted (NRW-HUB) with relevance to SIMDAS & Retail (with Adesso)
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BIG DATA STORAGE INFRASTRUCTURE @ JSC

= JUST Storage Cluster

» |IBM Spectrum Scale file system (GPFS) g" L42%
- -
= 75 PB gross capacity =

= 5th generation
= Parallel access
= Tape Libraries

» Automated cartridge systems
= 300 PB
= 3 libraries (in 2 buildings)

» 60 tape drives
» 35,000 tapes
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JSC & CO-DESIGN APPROACH

Drive Technology Innovation in Different Roles

= Exascale Labs O JULICH
(or Competence Centres) =

..ll

= Long-term collaboration with suppliers & nvipia.
= POWER Acceleration and Design Center

= Collaboration between Forschungszentrum |
Juelich, IBM and NVIDIA alinca ARM Bulk cmon

= Mission statement: Provide support to scientists and LU GeRoecs  exrore  FUiTSU

engineers to target the grand challenges facing society
in the fields of energy & environment, information & health care @@

HUAWEI

(IDEEP >

= E.g. DEEP projects & application use cases Projects

TERE  (nte) ek

= Co-Design Projects

(Selected JSC collaboration partners)
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THANKS

Talk shortly available under www.morrisriedel.de

= |:|
SEWices measurement ; o ﬂﬁﬂg
Policy-based <=  concepts

forms cross-disciplinary resources

device

Centre

cllmate Computer expertise

Analysis

Yearhk compu':atlonal E g COmputlﬂg :hdlsclplmes results 5 El.n. Enable E
Cross- D'SG'P"E"G’Y met 0 S s b nodesa. * £ Environment < “Modelling g
(] I t S Key scientific important ,_.".-E
-3 c Ie n c e DKRZ Use & storage ... Infrastructure =
- " sim |ai|:_:IUODL1TS SENES technr#!g gies
EES . rain increasin iy
£% g P processing:— TB
o B E g
4%5 L % COmputlng US'"E Euro ean
ata aseﬁm : «Supercomputing Wurklmages
anaIYSIS DLCL = stored Resources smive E” g. =8 Sca!entlflc $often
use E o— axternal
& computational ,° Resea rcn -s:s :: performance
.8 S datasetss
Sr:zazg!zm SCI€NCEHPC § Juclich oS B
- Ervices
ystem Climate modelling T Handware g ok acg;ggfm% network ©
DLCLs Underslandmg structures 2 directory E E project General 3 gﬂ
Provlde NASA Energy 2}2‘%&2“" day 2 2 Health > S
s :
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