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ÅDriven by need for more computing power

ÅLeveraging (distributed) compute resources to solve complex problems 

ÅComputations in parallel over lots of compute elements (software)

ÅVery fast network to connect compute elements (hardware)

ÅWhy do we need HPC?

ÅComplete a time-consuming 

operation in less time

ÅPerform a high number of 

operations per seconds
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High-Performance Computing (HPC)

(source: tech.eu)



ÅPhysics, astrophysics

ÅBioscience, genomics, bioinformatics

ÅArtificial intelligence

ÅChemistry, molecular sciences

ÅComputer aided engineering

ÅComputer science, mathematics

ÅBig data analytics

ÅFinancial and economic modeling

ÅWeather and climate

ÅCyber security

ÅAdvanced graphics

Åé
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Typical HPC Workloads



ÅSolving more complex problems in less time

ÅScale up

ÅFaster CPUs

ÅLarger memories

ÅMore advanced hardware/software

ÅScale out

ÅLarge parallel applications

ÅMany small- to medium- size jobs
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Supercomputing in Computational Sciences

(source: turbonomic.com)



ÅParallelism is available at many levels

ÅAll HPC machines are parallel architectures

ÅTwo fundamental parallel architectures:

ÅShared memory systems

ÅDistributed memory systems

ÅScaling benchmark matters a lot!
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Synonymous to Parallel Computing

(source: explainthatstuff.com)



ÅMuch effort is put into model credibility and regulatory context of the 

simulation predictions 

ÅScalability of models to benefit from rapidly growing computing power

ÅThe potential impact of HPC:

Åemploying more quantities of data or parameters

Åusing them to perform predictive modelling and simulation 

Åin order to deliver therapies and to enhance clinical decision making

Åon time scales far shorter than those in academic research activities
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HPC in Biomedicine and Biomedical Engineering



ÅThe role that open-source movement has played is undeniable 

ÅFreedom and flexibility in HPC 

ÅHuge number of relevant programs and libraries

ÅOperating system and system tools

ÅJob scheduling and load balancing systems

ÅHigh-performance libraries, tools, and solvers

ÅMost scientific contributions and codes are open-source
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Role of Free and Open Source Software
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Computational modeling of 

biodegradation behavior of 

degradable metals
A high-performance computing project use-case



ÅMg, Zn, and Fe

ÅGradually disappear/absorbed and 

replaced by new tissue/bone

ÅGreat mechanical/biological properties

ÅThe controlled release profile is an issue 

for different types of implants

ÅThe degradation behavior should be 

tuned/optimized for various applications
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Biodegradable Metals

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



ÅChallenge:

ÅTuning the biodegradation to the regeneration of the new tissue/bone

ÅCan be solved by:

ÅMathematical modeling of biodegradation

ÅCoupling biodegradation models with tissue growth models 

ÅConsidering environmental effects
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Problem Definition



11

Modeling Workflow

Underlying Science Mathematical Models Computational Models

Finite element method

Finite difference method

Scientific computing libraries

Open source solvers

Partial differential equations

Reaction-Diffusion-Convection

Navier-Stokes equations

Level set method

Chemistry of biodegradation

Physics of perfusion

Biology of tissue growth



The model captures:

1. Dissolution of 

metallic implant 

2. Formation of a 

protective film

3. Effect of ions in 

the medium

4. Change of pH
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Chemistry of Biodegradation

(Mei et al., Corrosion Science 171, 2020)



ÅConverting the chemical interaction into mathematical forms

ÅReaction-diffusion-convection partial differential equations (PDE)

ÅAn example for the transport of Mg ions
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Constructing Mathematical Model
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Diffusion Convection Reaction



ÅNot feasible to implement models in sophisticated software packages

ÅDiscretizing PDEs, finite element method

ÅLevel-set for capturing the moving corrosion front

ÅAdaptively refined mesh generation
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Constructing Computational Model


