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The “colloquium” next week

– It is like an oral exam for the group, contributing 30% of the grade.

– It is technically not an oral exam, since INF203 has portfolio evaluation 
(gjennomgående vurdering), so it is a part of the evaluated portfolio.

– Be very sure that you know when your colloquium has been scheduled.

– All group members must attend, it is possible to join remotely via zoom 
or teams if you have a good reason. (Please explain and arrange in 
advance.) The external examiner will also join through the remote link.

– In the beginning (max. 10 minutes), you have the opportunity to start by 
presenting something. It is completely up to you how you use this 
opportunity, and this is not an obligation, we can also just start talking. 
It is not a problem it you present less than ten minutes.
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Important info about the deadline

The advanced programming project INF203 is in part about “advanced programming,” 

but it is mostly about doing a “programming project,” carrying out a project as a group.

In view of this, keeping the deadline is important, as this is also needed in “real life.” But 

we also know that in reality, many deadlines are negotiable.

In our case, there are two reasons why the final deadline (21.6. 17.30) is non-negotiable 

and anything submitted later cannot be considered.

1) The submissions need to be prepared for access by the external examiner, who cannot 

just load them from Canvas. This must be before we have our colloquia.

2) After the deadline, groups are not obliged to keep their code confidential. So if they 

want, they can e.g. open their repositories to the public or upload code to TestPyPI. 

This is no problem for our teaching in the future. INF203 has a new problem each year.
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J. Vrabec et al., Mol. Phys. 104(9): 1509–1527, doi:10.1080/00268970600556774, 2006.

Vrabec et al. (2006)

https://dx.doi.org/10.1080/00268970600556774
https://dx.doi.org/10.1080/00268970600556774
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J. S. Sampayo et al., J. Chem. Phys. 132: 141101, doi:10.1063/1.3376612, 2010.

Sampayo et al. (2010)

https://dx.doi.org/10.1063/1.3376612
https://dx.doi.org/10.1063/1.3376612
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G. Filippini et al., J. Chem. Phys. 141: 081103, doi:10.1063/1.4894399, 2014.

Filippini et al. (2014)

These numbers look strange, and they don’t make it very clear 
what temperature they are simulating their LJTS system at.

https://dx.doi.org/10.1063/1.4894399
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S. Stephan et al., J. Phys. Chem. C 122(43): 24705–24715, doi:10.1021/acs.jpcc.8b06332, 2018.

Stephan et al. (2018)

https://dx.doi.org/10.1021/acs.jpcc.8b06332
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Parallel programming paradigms

hardware

(architecture)

software

(code)

shared memoryno shared memory

shared 

memory

message 

passing

some shared 

memory

part, part 

MPI
“Message Passing Interface”

OpenMP
“Open Multiprocessing”

Hybrid parallelization (MPI + OpenMP)

PGAS languages
partitioned global

address space

ROS
“Robot Operating System”
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Spatial concurrency in the data

Domain decomposition is characterized by two features:

First, parallelization is based on the concurrency inherent in (some) data.

Second, these data are seen as constituting a space, or as located in a space.
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Example: Three-dimensional box

global 3D system 

containing all the 

“original” versions 

of the particles

one of the local boxes 

into which the system is 

divided for parallelization

halo region of the loxal box: 

the process is not responsible 

for this information, but 

needs to know it

subdomain from MPI rank:
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Example: Three-dimensional box

For a single particle read in from the input file, multiple 
copies can now exist in several ranks. 

rank 0 (top left) 
needs a version 
of this particle 

in its halo

rank 1 (top right) 
has the main 

responsibility for 
the object

rank 3 (bottom right) 
has a periodic copy of 
the particle in its halo

rank 2 (bottom left) 
has a periodic copy of 
the particle in its halo

If a molecule is updated or moved, adjacent ranks may need to be informed.
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Molecular dynamics world record

1N. Tchipev et al., Int. J. HPC Appl. 33(5): 838–854, doi:10.1177/1094342018819741, 2019.

https://dx.doi.org/10.1177/1094342018819741
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Molecular dynamics world record
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(cores per node: 24 for Hazel Hen, 16 for SuperMUC)

N = 21 000 000 000 000

2019 molecular dynamics world record1

(weak scaling performance of 88% on 7168 nodes)

Hazel Hen
weak scaling

Hazel Hen (Stuttgart):
Haswell architecture

http://www.ls1-mardyn.de/ (large systems 1: molecular dynamics)

1N. Tchipev et al., Int. J. HPC Appl. 33(5): 838–854, doi:10.1177/1094342018819741, 2019.

https://dx.doi.org/10.1177/1094342018819741
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Load balancing

Requirements modelling can be used to predict how the way in which the 

domain is decomposed, for a given input case/scenario, influences the load of 

each of the parallel processes.

Usually, no quantitatively accurate requirements model exists. Even then, a 

rough approximation can be used as guidance for distributing the load.

Example scheme: Recursive bisection

(with “k-dimensional tree,” k = 3).

From the top (whole domain) down to 

the bottom (single process), split the 

volume recursively into parts such that 

processes will receive a similar load.

Alternate between spatial dimensions.
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Concurrency in Markov chains, random walks, etc.

A Markov chain is a sequence of states in a probabilistic discrete event system.

Processes/threads can explore the 
state space separate from each 
other. They work with independent 
configurations. It is not necessary to 
implement a domain decomposition.

The sequence of configurations in a Metropolis Monte Carlo simulation is such 
a Markov chain. So are many variants of it, or other common solutions to 
problems that require the stochastic exploration or sampling of a large space.

The concurrency here is due to that multiple Markov chains are independent.

1/3

1/3
2/3

2/3a b
abbabbbaaba …

start
ababbaaabba …
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FYS253: Thermal physics (autumn)

https://www.nmbu.no/en/course/FYS253
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TBM250: Finite element method (autumn)

https://www.nmbu.no/en/course/TBM250
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INF205 and INF305 courses (spring)

5 ECTS each; INF205 in first half, INF305 in second half of the spring semester.

https://home.bawue.de/~horsch/teaching/inf205/
https://home.bawue.de/~horsch/teaching/inf205/
https://www.nmbu.no/en/course/inf305


2118th June 2025INF203

C++ vs. Python: Language features

C++ Python

“What do you know about language features 
that are different in C++ and Python?”
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INF205: Structure of the course

1) C++ basics
● Getting started
● Procedural programming in C++ (not much different from Python)

2) Memory and objects
● Direct access to memory addresses, allocating and deallocating memory
● Object oriented programming in C++ (somewhat different from Python)

3) Data structures and libaries
● Containers (incl. lists, graphs), standard template library, other libraries
● Memory management for container data structures

4) Concurrency
● Concurrent process models and paradigms of parallel programming
● Using the ROS2 robot operating system from within C++

(basic intro only – this is done 

in depth in the INF305 course)
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INF205: Learning outcomes

After completing the course you will be able to

● implement solutions in modern C++;
● manage memory safely;
● make use of capabilities provided by the C++ Standard Library and third-

party libraries;
● implement data types from “first principles;”
● assess programs and their use in terms of sustainability metrics;
● write code suitable for concurrent processes and embedded systems;
● create interfaces allowing your code to interact with other software.

We speak of “modern C++” because of the long history of C++, e.g., retaining 

all of the C programming language. C++ is like several languages in one.

Focus: Develop solutions that work both reliably and efficiently.
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