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High-Performance Computing (HPC)

ADriven by need for more computing power
ALeveraging (distributed) compute resources to solve complex problems
AComputations in parallel over lots of compute elements (software)

AVery fast network to connect compute elements (hardware)

AWnhy do we need HPC? B,

AComplete a time-consuming
operation in less time

APerform a high number of 4 L
operations per seconds SR aEE T TN

(source: tech.eu)

o |
2 KU LEUVEN



Typical HPC Workloads

APhysics, astrophysics ABig data analytics

ABioscience, genomics, bioinformatics AFinancial and economic modeling

A Artificial intelligence AWeather and climate
AChemistry, molecular sciences ACyber security
AComputer aided engineering AAdvanced graphics
AComputer science, mathematics Aé
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Supercomputing in Computational Sciences

ASolving more complex problems in less time Scale-up
AScale up

i e o-0-
— —

ALarger memories
AMore advanced hardware/software

20

AlLarge parallel applications
AMany small- to medium- size jobs Scale-out

(source: turbonomic.com)
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Synonymous to Parallel Computing

AParallelism is available at many levels
Serial processing

AAIl HPC machines are parallel architectures PP PPN
ATwo fundamental parallel architectures: C T T ] - C T T ]
AShared memory systems o0 o0
ADistributed memory systems Parallel processing
A Scaling benchmark matters a lot!
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(source: explainthatstuff.com)
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HPC In Biomedicine and Biomedical Engineering

AMuch effort is put into model credibility and regulatory context of the
simulation predictions

A Scalability of models to benefit from rapidly growing computing power

AThe potential impact of HPC:
Aemploying more quantities of data or parameters
Ausing them to perform predictive modelling and simulation
Ain order to deliver therapies and to enhance clinical decision making
Aon time scales far shorter than those in academic research activities



Role of Free and Open Source Software

AThe role that open-source movement has played is undeniable
AFreedom and flexibility in HPC

AHuge number of relevant programs and libraries
A Operating system and system tools
AJob scheduling and load balancing systems
AHigh-performance libraries, tools, and solvers

AMost scientific contributions and codes are open-source
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Computational modeling of
biodegradation behavior of
degradable metals

A high-performance computing project use-case



Biodegradable Metals

AMg, Zn, and Fe

AGradually disappear/absorbed and
replaced by new tissue/bone

A Great mechanical/biological properties

AThe controlled release profile is an issue
for different types of implants

AThe degradation behavior should be
tuned/optimized for various applications

Potential applications

On clinical trial

\ Commercially approved
\

(Han et al., Mater. Today, 23, 2019)



Problem Definition

AChallenge:
ATuning the biodegradation to the regeneration of the new tissue/bone

ACan be solved by:
AMathematical modeling of biodegradation
A Coupling biodegradation models with tissue growth models
A Considering environmental effects
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Modeling Workf
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Chemistry of biodegradation

Physics of perfusion

Biology of tissue growth
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Mathematical Models
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Navier-Stokes equations
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Level set method

Computational Models

Finite element method

Finite difference method

Scientific computing libraries
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Open source solvers
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Chemistry of Biodegradation

P, SBF-like complex
The model captures: Nact Ringer's solutieh = inorganic media
. . co
1. Dissolution of r
. . + Y
metallic implant N

2. Formation of a
protective film

3. Effect of ions in
the medium

4. Change of pH
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containing corrosion 'co-precipitation faverll

products with cracks '

HECHAHE, | Mg(OH),/ MgO|
Mg(OH),/ MgO 1 . ) '

With synthetic pH | Wlthoutsvnthetrcpm

Mg matrix ! buffers I buffers :

(Mei et al., Corrosion Science 171, 2020)
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Constructing Mathematical Model

AConverting the chemical interaction into mathematical forms
AReaction-diffusion-convection partial differential equations (PDE)
AAn example for the transport of Mg ions
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Diffusion Convection Reaction
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Constructing Computational Model

ANot feasible to implement models in sophisticated software packages
ADiscretizing PDEs, finite element method

ALevel-set for capturing the moving corrosion front

A Adaptively refined mesh generation
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