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Review of Short Lecture 15 – Computational Fluid Dynamics & Finite Elements

Final Lecture 16 – Epilogue

[1] S. Orszag et al. 

(classical mechanics solutions 
are rather trajectories

of positions of a certain particle, 
here fluid velocity is in focus)

(Collision step)

(Streaming step)

[2] Wikipedia on CFD

(particles perform consecutive
propagation and collision processes

performed over a discrete lattice mesh)

(fluid consisting of particles with a 
finite number of discrete velocity values)

[3] Wikipedia on Navier-Stokes

[4] Wikipedia on LBM 

[5] Wikipedia on LES

(large eddy simulations
for turbulence)

[6] Wikipedia on 
Boundary value problems

(apply adaptive mesh
refinement for performance)

[7] Civil Security & Traffic Group
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HPC-A[dvanced] Scientific Computing (cf. Prologue) – Second Part

 Consists of techniques for programming & using large-scale HPC Systems
 Approach: Get a broad understanding what HPC is and what can be done
 Goal: Train general HPC techniques and systems and selected details of domain-specific applications

High Performance Computing
(a field of constant changes)

HPC Course

Dom
ain-specific Science &

 Engineering A

Dom
ain-specific Science &

 Engineering B

Dom
ain-specific Science &

 Engineering C

Dom
ain-specific Science &

 Engineering D
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Outline of the Course

1. High Performance Computing

2. Parallel Programming with MPI

3. Parallelization Fundamentals

4. Advanced MPI Techniques

5. Parallel Algorithms & Data Structures

6. Parallel Programming with OpenMP

7. Graphical Processing Units (GPUs)

8. Parallel & Scalable Machine & Deep Learning

9. Debugging & Profiling & Performance Toolsets

10. Hybrid Programming & Patterns

11. Scientific Visualization & Scalable Infrastructures

12. Terrestrial Systems & Climate

13. Systems Biology & Bioinformatics

14. Molecular Systems & Libraries

15. Computational Fluid Dynamics & Finite Elements

16. Epilogue

+ additional practical lectures & Webinars for our
hands-on assignments in context

 Practical Topics

 Theoretical / Conceptual Topics
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Epilogue

 Informal final lecture
 Answering remaining questions & guidance to future topics
 Summary & preparation for final exam and quizzes debrief

 Mindset
 Discussion of job offers on the market in the light of the course
 What we have learned & how to turn knowhow into action

 Skillset
 Knowledge of various HPC system techniques & parallel computing skills
 PHD positions & Master Thesis topics HPC and/or Machine & Deep Learning

 Toolset
 Knowledge of parallel programming tools & machine/deep learning libraries
 Future Topics to study: Quantum computing, neural networks on the chip, 

neuromorphic computing, modular supercomputing, etc.
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Outline

 High Performance Computing from another Perspective

 Further Readings

 Bachelor & Master Thesis Topics Available

 Cloud Computing Course Fall 2020

 Acknowledgements
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High Performance Computing from another Perspective
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High Performance Computing from another Perspective

THEORY TECHNIQUES PARADIGMS

Parallel Algorithms

Speed-Up

Weak/Strong Scaling

High Throughput Computing

High Performance Computing

Message Passing Interface

OpenMP & Hybrid Programming

Network & Communication

Discretizations & Mesh Refinements

Computational Modeling

Cloud & Grid Infrastructures

Amdahls & Gustafson Law

Coupling & CFD & FEM

Machine & Deep Learning from Data

Iterative Numerical Simulations

Ensembles & Monte Carlo Methods

Numerical Approximation

Partial Differential Equations
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Further Readings

Final Lecture 16 – Epilogue 9 / 21



PRACE Training Portal
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[8] PRACE Training Portal

[9] Morris Riedel Teaching Web Page
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Associated Literature

Introduction to High Performance 
Computing for Scientists and Engineers,
Georg Hager & Gerhard Wellein,
Chapman & Hall/CRC Computational Science,
ISBN 143981192X, English, ~330 pages, 2010

[10] Introduction to High Performance Computing, 2010
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Bachelor & Master Thesis Topics Available
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Bachelor & Master Thesis Topics Available

Training Data Scientists

Methods & Tools

Applied Statistics

Machine
Learning

Algorithms

Sampling
vs. Big Data

Scientific Computing

Parallelization!

Data Scientist

Statistician

Computational
Scientist Data

Miner

High Performance Computing Course
Cloud Computing – Parallel & Scalable 
Machine & Deep Learning Course

Data Mining

Data Scientists with skills of various fields

Software
Engineer

Engineer

Insights

new DBs

WE WANT YOU!
Many Thesis Topics 

Available!



Cloud Computing Course Fall 2020
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Cloud Computing Course Fall 2020 – Check Topics from 2018

[9] Morris Riedel Teaching Web Page
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 Hjörleifur Sveinbjörnsson 
 Máni Maríus Viðarsson

 Organization / Management with HI
 Kristjan Jonasson
 Helmut Neukirchen
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Data Mining & Parallelization
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Optional tours checking out our
Jötunn cluster available on request

- course is too big to go alltogether this time
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[12] DEEP Projects Web Page

The DEEP projects DEEP, DEEP-ER and DEEP-EST 
have received funding from the European Union’s 

Seventh Framework Programme for research, 
technological development and demonstration 
under grant agreement no ICT-610476 and no 
ICT-287530 as well as the Horion2020 funding 

framework under grand agreement no. 754304.
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[Video] Join our HPC Community & History

[16] YouTube Video, SC2013 – 25 years
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