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SELECTED RESEARCH ACTIVITIES & GRANTS AT A GLANCE

Research Focus at the Interaction of Healthcare & Disruptive Computing Approaches (HPC, Clouds, Quantum, Graphs)

A

PrLL
ann®
.
PELA

-

.
e A

.
aunnuun®®®
e

Modular ____ Modular (" ] PPPTTLLL o /.1 Canadian CBRAIN - ]
HPC S Hec I]l' Singularity Docker E’E‘J Resource Execution mnovatl_ve
SYStERT 4 -d‘a; System Container Container 1 computing
z e :
DEEP - DAM || > suwets | {8 Environment 5 CE=m | resources
. ______ A — pp—— SR LI
A 4 v h-..........‘l‘l.n‘.m - -v"' v
MPI & s Distributed Y JupyterLab Git-based Data
OpenMP a { Training a — D[‘H Uﬁ“%”" & Jupyter a Management l:’e_ghn_om%}‘/
Libraries s Tools 3> ML/D_L . Notebook cuDNN dala = £ Llmse
9 DeepSpeed Tensor lerarlesj e praries || @ i & packages
i___________ @';':a-...,_l:____
v ......-..._* o
Innovative || - . amistetenn.
Sscalable Memor Multi-core [@a NVIDIA. GPUs] Many-core '---K@Jf__"__
Stora_ge i h‘y Processors Processors|  hardware
ervice lerarchies ioh si ‘Accelerators’ with low 2
; (high single thread = ( technologies
Module with NVMs performance: ~24 cores) performance, ~7000 cores) g

[1] M. Riedel et al., ‘Practice & Experience in using Parallel & Scalable Machine Learning
with Heterogenous Modular Supercomputing Architectures’, in proceedings of IEEE IPDPS, 2021

Mitglied der Helmholtz-Gemeinschaft

12. January 2022

Page 2

£ UNIVERSITY

processing-
[wCovid—lS) Chest X-Rays Analysis] [- ARDS Time Series AnalySiS] [wﬁ Neuroscience & BigBrain Research ] intensive
— 7 applications
V____________H v
s * * o . g
prace Infrastructure EEE: @%i EuroHPC LUMI Supercomputer [cbrain) HIBALL.& Canadian _ computing
PRACE Bhw, S5 i CBRAIN infrastructure infrastructures.)..

Some preparation

$ mkdir winterschool winterschool_cache winterschool_tmp

$ chmod +w winterschool_cache

$ export SINGULARITY_CACHEDIR=$(mktemp -d -p "§(pwd)/winterschool cache™)
$ export SINGULARITY_TMPDIR-$(mktemp -d -p "$(pwd)/winterschool tmp")

Pull the docker image:

§ cd winterschool ) |.
$ singularity pull hws.sif docker://glatard/hws| CI q k.
Step into the container [cbrain] dﬁ

$ singularity shell ./hus.sif
(the prompt changes to “>Singularity)

download a dataset:
$ git config --global user.name "Your name”

$ git config --global user.email "peturhelgi@gnail.com”

Singularity> datalad install https://github.com/CONP-PCNO/conp-dataset.git

ARDS Time Series Analysis

Training and Validation Loss of the GRU model
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SNy .. . Covid-19 Chest X-Ray Analysis
,Hjﬁljalh T el o Covid-X
#!/bin/bash C0|ﬁd-N9t Ju\-/pyter }- - Dataset

# Load required modules
module purge
module use SOTHERSTAGES

module load Stages/2020

module load GCCcore/.9.3.8

module load Python/3.8.5

module 1oad Tensorflow/2.3.1-Python-3.8.5
module 1oad OpenCV/d.5.8-Python-3.8.5

# Activate Python virtual environment
sounce /p/project/training2104/ingolfssonl/jupyter/kernels/ingolfssonl_kernel/bin/activate
# Ensure python packages installed in the virtual environment are always prefered

export PYTHONPATH=/p/project/training2184/ingolfssonl/Jupyter /kernels/ingolfssonl_kernel/lib)
exec python - ipykernel $6
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ACUTE RESPIRATORY DISTRESS SYNDROME (ARDS)

Selected Activities of the Smart Medical Information Technology for Healthcare (SMITH) Project

» ARDS Medical Application of using advanced HPC technologies > SMITH Use Case Application
» Affects ~10% Intensive Care Units (ICU) patients with high mortality rate

= Develop algorithms that can efficiently & accurately diagnose the onset of ARDS - treatment ideas

SM | T

_/’fcrl €d cal Information
Technology for Healthcare

[3] SMITH Project Web Page
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Algorithmic Surveillance

oL GF &
» Use of recurrent neural networks for time series analysis data is very computational intensive {,/ \&V
» Porting of mechanistic modelling (i.e., ‘Warwick’ model) to HPC & intertwined machine learning models o I 3

UniversitBskinitum
vy UKH
Unsupervised Patient Stratification Universitatskfinikum
- Dynamic clustering Predictive modelling Machine for falle (Saale) UK

- Critical state detection Algorithmic Surveillance of ICU Patients

. f;z".%z%:f;::.em practice &experlence Uehigpeiie,
8 data sharing challenges & |
% medical experts far away 3.1’.3 Universititsmedizin Essen
rom using machine learning &
HPC in daily medical practice; \t’&ip\:rgsilauklinikum
Patient subgroups Machlne Leamlng Pahent association, HPC enables ma]or speed upS gu!rll(_ll-lm“( . e ' Dr med Sebast|an Fr|tsch
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Specialist Anesthesiology
[5] Alfred Winter, M. Riedel et al., ‘Smart Medical Information Technology for Healthcare (SMITH): Yniversiatsmedizin (” Facharzt”)
Data Integration based on Interoperability Standards’, Journal of Methods of Information in Medicine, 2018 s Julich Supercomputing centre
[6] C. Barakat, S. Fritsch, M. Riedel, S. BrynjélIfsson, ‘A HPC-driven data science platform to speed-up time University hospital RWTH
series data analysis of patients with the Acute Respiratory Distress Syndrome’, IEEE MIPRO 2021 Aachen

[7] O.Maassen, S. Fritsch, M. Riedel et al., Future Medical Artificial Intelligence Application Requirements and Expectations
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COVID - 19 CHEST X — RAY ANALYSIS &

Selected Activities of the European Open Science Cloud (EOSC) Covid-19 ‘Fast Track‘ Grant [4] EOSC Project Web Page
»
» Selected Practice & Experience working with open-source CovidX data & Covid-Net {%Eﬁ!ﬁ’!il’!lﬂN\l‘

» Check of neural network architectures with a real healthcare provider (e*HealthLine) & new data [9] E*HealthLine Web Page
» Significant work required (data cleaning, check for duplicates of open data, versioning of Al tools) generalizing to unseen data
= Speed-up of HPC infrastructures enormously compared to ‘MatLab’‘-driven medical hospital infrastructures

u Coope ration W|th H el m ho Itz AI for' better mod eIS [6] C. Barakat, S. Fritsch, M. Riedel, S. Brynjélfsson, ‘A HPC-driven data science platform to speed-up time

series data analysis of patients with the Acute Respiratory Distress Syndrome’, IEEE MIPRO 2021
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PROMISING RESEARCH DIRECTIONS

New PhD Students & Started Healthcare & Medicine Projects exploiting HPC technologies

» Use of advanced technology to connect JSC modular

supercomputing to CBRAIN infrastructure in Canada

» Joint research on Cerebelum research (INM-1 & McGill) WQ g III' (sj F

» Addressing HPC & Al
limits of ‘RossetaFold’

» Hyperspectral image datasets via HPC & Al - Covid-19 Chest X-Rays
= Quantum Computing (i.e., D-Wave Quantum Annealer & JUNIQ)

» GraphCore with Intelligence Processing Units (IPUs)

= Aimed towards visual
impaired patients
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[12] Cavallaro, G., Willsch, D., Willsch, M., Michielsen, K., Riedel, M.: APPROACHING REMOTE
SENSING IMAGE CLASSIFICATION WITH ENSEMBLES OF SUPPORT VECTOR MACHINES ON THE
D-WAVE QUANTUM ANNEALER, in conference proceedings of the IEEE IGARSS 2020
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[17] Maassen O, Fritsch S, Gantner J, Deffge S, Kunze J, Marx G, Bickenbach J. Future

PROMISING RESEARCH COLLABORATIONS JARA ey

Alliance e
Towards a closer collaboration with UniKlinik RWTH Aachen — Maybe JARA-MED? \\ !ZBI’!

= Application of Al methods on clinical data
» Risk stratification for COVID-19 patients using Al methods [13]

= Algorithmic detection and distinction of Acute respiratory

distress syndrome (ARDS) [14,15]
Gernot Marx, MD, FRCA, full Professor of Anesthesiology & Critical Care

» Medical advice on the use of clinical data for HPC-Al models [6,16]  Medicine
Chair at the University RWTH Aachen; Head of the Department of Intensive
» Evaluation of human factors using Al in medicine [7,17] Care
Medicine & Intermediate Care at the Uni

ASIC

Algorithmic Surveillance

» Knowledge transfer & support of understanding for Al
within the medical community [18,19]

[13] Sharafutdinov, K., Fritsch, S.J., Marx, G. et al. Biometric covariates [14] Fonck, S., Fritsch, S., Kowalewski, S., Hensen, R., & Stollenwerk, A. (2021). Algorithmic distinction of

& outcome in COVID-19 patients: are we looking close enough? ARDS & Heart Failure in ICU data from medical embedded systems by using a computer model.

BMC Infect Dis 21, 1136 (2021). IFAC-PapersOnlLine, 54(4), 135-140.

[15] Fonck, S., Fritsch, S., Janssen, A., Bickenbach, J., Stollenwerk, A. Bayesian Network for [16] Fritsch SJ, Sharafutdinov K, Einollahzadeh Samadi M, Marx G, Schuppert A, Dr. med. Sebastian Fritsch
ificati i i i i i i Bickenbach J. The Influence of Inhomogeneous Input Data from Different Waves . .

the Identification of Patients with ARDS in secondary intensive care data sources, submitted f f g P fi iff Specialist Anesthesiology

on Predictive Model Development for COVID-19 ICU Patients JMIR Preprints. (“ Fach t")
acharz

Mobile Device Usage, Requirements, and Expectations of Physicians in German [18] Fritsch, S., Sharafutdinov, K., Schuppert, A., Bickenbach, J. (2022), Julich Supercomputing centre
University Hospitals: Web-Based Survey; J Med Internet Res 2020;22(12):e23955 Nutzung von Kl zur Bekémpfung der COVID-Pandemie, AINS (accepted) Unive rsity hospital RWTH
Aachen
[19] Fritsch, S., Maafen, O., Riedel, M. (2022}, Artificial Intelligence: Infrastructures . Of Intensive Care Medicine
and Preconditions from a European Perspective, AINS (accepted) U N I K LI N l K w
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