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Welcome

You are welcome to Mmany Courses.

MPI1 with C
MPI with Fortran
MPI with Python (mpi4py)

— OpenMP with C
— OpenMP with Fortran

Train the Trainer course - future course trainers

+ Davor Davidovic, PhD, Rudjer Boskovic Institute, Centre for informatics and computing,
CROATIA

« Dr. Lucas Jordan, High-Performance Computing Center Stuttgart (HLRS), GERMANY

* llya Zhukov, Jilich Supercomputing Centre (JSC),
GERMANY

Guest lecture on Thursday: llya Zhukov (JSC)
Performance analysis with Score-P and CUBE

Co-lecturer from HLRS:
Lucienne Dettki, Dr. Tobias Haas, Dr.-Ing. Christoph Niethammer
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Links

« Course-Announcements
— German portals:
« www.hlrs.de/training/ (by HLRS), by JSC and LRZ.
» Gauss Centre of Supercomputing (GCS) Event List
* German HPC Calendar (by Gauss-Allianz & German HPC / NHR Centers) + long list with abstracts
— European portals: HPC in Europe, CoE Training Reqistry, and EuroCC2 training.

« Self-study materials
— https://www.hlirs.de/training/self-study-materials/

» Password-free: latest MPI slides & all exercises
— https://www.hlrs.de/training/self-study-materials/MPI-course-material

* With password (i.e., only for members of the HLRS email list)
— MPI-Course (2024/2023/2022) with English / German recordings (including Python)
— OpenMP-Course (2023/2022) with English / German recordings

« Standards (MPI, OpenMP)

—  www.mpi-forum.org - MPI documents (see also errata document)
—  Www.openmp.org - OpenMP Specifications
* Practical (skeletons, solutions)

— https://fs.hirs.de/projects/par/events/2025/PAR/README.html
— ( https://fs.hirs.de/projects/par/par_prog_ws/practical/README.html )
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http://www.hlrs.de/training/
https://www.fz-juelich.de/ias/jsc/events
https://www.lrz.de/services/compute/courses/
http://www.gauss-centre.eu/training
https://hpc-calendar.gauss-allianz.de/en/
https://gauss-allianz.de/en/
https://hpc-calendar.gauss-allianz.de/en/ReadOptimalLongFormat
https://hpc-portal.eu/upcoming-events-courses
https://www.hpccoe.eu/coe-training-calendar/
https://www.eurocc-access.eu/training/
https://www.hlrs.de/training/self-study-materials/
https://www.hlrs.de/training/self-study-materials/MPI-course-material
https://fs.hlrs.de/projects/par/par_prog_ws/pw/2024-MPI-en
https://fs.hlrs.de/projects/par/par_prog_ws/pw/2022-MPI-de
https://fs.hlrs.de/projects/par/par_prog_ws/pw/2024-OpenMP-en
https://fs.hlrs.de/projects/par/par_prog_ws/pw/2022-OpenMP-de
http://www.mpi-forum.org/
http://www.openmp.org/
https://fs.hlrs.de/projects/par/events/2025/PAR/README.html
https://fs.hlrs.de/projects/par/par_prog_ws/practical/README.html

5-Day-PTC-Course — Beginners — 1stday (Monday)

Content Schedule
. . 08:30 Local registration
MPI on begmners level (verification of the COVID status, seating)
1. MPI Overview 09:00 Welcome
T 09:15 Lectures and exercises on MPI
2. Process model and language bindings (including some breaks)
12:45 Lunch break
3. Messages and point-to-point communication 14:00 Lectures and exercises on MPI
. . . (including some breaks)
4. Nonblocking communication D @ @ 8 E% 17:45 Additional slot for self-studying,

further exercises, Q&A
18:00 Final end

After the course:

Files: login_hlrs 2025-PAR ruehlesaal-laptops.pdf S-Bahn to the city (self-paying)
mpi 3.1 rab.pdf City sightseeing walking tour (free)

Dinner (self-paying)

© 2000-2025 HLRS, Rolf Rabenseifner
Introduction [1] Slide 4


mpi_3.1_rab.pptx#1. Introduction to the Message Passing Interface (MPI)
mpi_3.1_rab.pptx#1. Introduction to the Message Passing Interface (MPI)
login_hlrs_2025-PAR_ruehlesaal-laptops.pdf
mpi_3.1_rab.pdf

5-Day-PTC-Course — Beginners — 2"d day (Tuesday)

Content Schedule

MPI on beginners' level — continued || |14| 59| | 5% (53|  08:45 Local registration / seating

6.(1) Collective communication 09:00 Lectures and exercises on MPI
(including some breaks)

Shared memory parallelization with OpenMP |[ ] 10:40 Lectures and exercises on OpenMP

(including some breaks)
12:45 Lunch break

14:00 Lectures and exercises on OpenMP
(including some breaks)

17:30 Additional slot for self-studying,
further exercises, Q&A

Overview

Execution model

Worksharing directives

Worksha ring — continued (synchron.)

17:35 For Fortran participants only:
Additional lecture + exercises on
the mpi_f08 module/interface

18:15 Final end

Data environment

Heat example (homework)

Summary
Pitfalls

I e o

MPI on beginners' level — continued (Fortran users only)
5. The New Fortran Module mpi_f08 ([ | |13 |5 \_ﬁj &

Files: mpi 3.1 rab.pdf
openmp-introl3.pdf
02 inspector xe.pdf
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mpi_3.1_rab.pptx#1. Introduction to the Message Passing Interface (MPI)
mpi_3.1_rab.pptx#1. Introduction to the Message Passing Interface (MPI)
openmp-intro13.pptx#1. Introduction to OpenMP 
openmp-intro13.pptx#1. Introduction to OpenMP 
mpi_3.1_rab.pptx#1. Introduction to the Message Passing Interface (MPI)
mpi_3.1_rab.pptx#1. Introduction to the Message Passing Interface (MPI)
openmp-intro13.pptx#70. Outline   —   Synchronization constructs
openmp-intro13.pptx#70. Outline   —   Synchronization constructs
mpi_3.1_rab.pdf
openmp-intro13.pdf
02_inspector_xe.pdf
openmp-intro13.pptx#42. Outline   —   Worksharing directives
openmp-intro13.pptx#42. Outline   —   Worksharing directives
openmp-intro13.pptx#86. Outline   —   Data environment and combined constructs
openmp-intro13.pptx#86. Outline   —   Data environment and combined constructs
openmp-intro13.pptx#123. Outline   —   Summary of the OpenMP API
openmp-intro13.pptx#123. Outline   —   Summary of the OpenMP API
openmp-intro13.pptx#103. Outline   —   Exercise 4: Heat
openmp-intro13.pptx#103. Outline   —   Exercise 4: Heat
openmp-intro13.pptx#127. Outline   —   Pitfalls
openmp-intro13.pptx#127. Outline   —   Pitfalls
openmp-intro13.pptx#3. Overview
openmp-intro13.pptx#3. Overview
openmp-intro13.pptx#20. Outline   —   Programming and Execution Model
openmp-intro13.pptx#20. Outline   —   Programming and Execution Model

5-Day-PTC-Course — Intermediate — 39 day (Wednesday)

Content Schedule
MPI on intermediate level D 9 @ ﬁ @ 08:45 Local registration / seating
A . 09:00 Lectures & exercises on interm. MPI
7. Error handling File: mpi 3.1 rab.pdf (including some breaks)

12:45 Lunch break

L . . 14:00 Lectures & exercises on interm. MPI
(1) MPI_Comm_split, intra- & inter-communicators (including some breaks)

8. Groups & Communicators, Environment Management

17:10 Verifying an OpenMP Parallelization
with the Intel Inspector XE

(1) A multi-dimensional process naming scheme 18:00 Final end

9. Virtual topologies

12. Derived datatypes
(1) transfer any combination of typed data

(1) transfer any combination of typed data — continued
Solution of Exercise 2

10. One-sided Communication

Shared memory parallelization with OpenMP

Verifying an OpenMP Parallelization with ;ﬂ
Intel Inspector and Thread Sanitizer ppix

File: 02 inspector xe.pdf
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mpi_3.1_rab.pptx#1. Introduction to the Message Passing Interface (MPI)
mpi_3.1_rab.pptx#1. Introduction to the Message Passing Interface (MPI)
mpi_3.1_rab.pdf
02_inspector_xe.pdf

5-Day-PTC-Course — Advanced — 4th day (Thursday)

Content Schedule

D 9 @ Eg @ 08:45 Local registration / seating

Advanced MPI File: mpi 3.1 rab.pdf

09:00 Lectures & exercises on advanced MPI
11. Shared Memory One-sided Communication (including some breaks)

(1) MPI_Comm_split_type & MPI_Win_allocate_shared 12:45 Lunch break

.. 14:00 Lectures & exercises on advanced MPI
(2) MPI memory models and synchronization rules (including some breaks)

16:00 Guest lecture + exercises
6.(2) Advanced topics on collective communication 18:00 Final end

9.(2) Neighborhood communication + MPI_BOTTOM

Guest lecture:

llya Zhukov (JSC):
Performance analysis with Score-P and CUBE s

&
=

Exercises
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mpi_3.1_rab.pptx#1. Introduction to the Message Passing Interface (MPI)
mpi_3.1_rab.pptx#1. Introduction to the Message Passing Interface (MPI)
mpi_3.1_rab.pdf

5-Day-PTC-Course — Advanced — 5th day (Friday)

Content Schedule
08:45 Local registration / seating
09:00 OpenMP-4.0 /4.5 /5.0 Extensions

OpenMP-4.0 / 4.5 / 5.0 Extensions ([ Lectures & exercises on advanced MPI

File: openmp-4.0+4.5-extensions.pdf (including some breaks)
12:45 Lunch break

14:00 Lectures & exercises on advanced MPI
Advanced MPI Pile%ai%l %b %f (including some breaks)

) i 17:00 Final end
8.(2) Re-numbering on Clusters, Inter-Communicators, ...

Shared memory parallelization with OpenMP

12.(2) Advanced topics on derived datatypes
9.(3) Optimization through reordering

18. Best practice
19. Heat example (an introduction to homework)

Short tour through
13. Parallel File I/O
14. MPI and Threads (title +1 slide)
15. Probe, Persistent Requests, Cancel (title + 3 slides)
16. Process Creation and Management (title + 3 slides)
17. Other MPI features (regular 4 slides)

Summary
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mpi_3.1_rab.pptx#1. Introduction to the Message Passing Interface (MPI)
mpi_3.1_rab.pptx#1. Introduction to the Message Passing Interface (MPI)
mpi_3.1_rab.pdf
openmp-4.0+4.5-extensions.pdf

Summary — Parallel Programming Workshop (5 days)

« Parallel Programming: ¥
— MPI — Distributed Memory Parallelisierung \g

— OpenMP — Shared Memory Parallelisierung
— MPI-3.1/4.0/4.1 and OpenMP-4.0/4.5/5.0 advanced features
— Slides + Practicals: hitps://s.hirs.de/projects/par/events/2025/PAR/README.html

Q) — Further workshops and courses:
« www.hlrs.de/training/ =
« https://www.hlrs.de/training/self-study-materials/ (Recordings)

Many thanks for your interest O ° S |
and strong collaboration
rabenseifner@hlrs.de 0711-685-65530
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https://fs.hlrs.de/projects/par/events/2025/PAR/README.html
http://www.hlrs.de/training/
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