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OpenDreamKit

• Horizon 2020 European Research Infrastructure project

• 4 years

• Started in September 2015 (just over a year now)

• 50 people in over 16 European cities

• Goal: Develop Virtual Research Environments in 
pure mathematics and applications, supporting the full 
research cycle



VIRTUAL RESEARCH 
ENVIRONMENT



OUTLINE
1. Computational science

2. Conventional workflow (example and problems)

3. Virtual Research Environment Example (Jupyter, 
JOOMMF, benefits)

4. Summary



COMPUTATIONAL SCIENCE

• Very often the only feasible way to address some 
research challenges

• Complement theory and experiments

• Emerging as a third pillar in research and development

• It is becoming more used and accepted as models, 
computational power, and simulation techniques advance



CONVENTIONAL 
COMPUTATIONAL WORKFLOW

1. write simulation code

2. run code

3. data analysis and visualisation

4. write paper

5. share & publish
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MICROMAGNETIC EXAMPLE



MICROMAGNETICS

• Micromagnetics studies magnetic phenomena at 
micro- and nanoscale

• For instance, used in the design and engineering of 
magnetic storage devices (hard disks)

• Widely used in academic and industrial communities

• Very often the only possible way of addressing 
particular research challenges



RESEARCH QUESTION

?

flower

vortex

For what edge length, 
vortex and flower states have the same energy?



STEP 1: WRITE SIMULATION CONFIGURATION



STEP 2: RUN SIMULATION



STEP 3: READ DATA



L flower vortex
8.0 ? 3.23 x 10-16

8.1 ? ?
8.2 ? ?
8.3 ? ?
8.4 ? ?
8.5 ? ?
8.6 ? ?
8.7 ? ?
8.8 ? ?
8.9 ? ?
9.0 ? ?

We have to repeat steps 1, 2, and 3 to obtain other 21 points

REPEAT SIMULATIONS…



POSTPROCESSING
• We plot the data we obtained by running separate plotting scripts or by 

using some Graphical User Interfaces (Python, MATLAB, Excel, Origin…)

• Find crossing



PROBLEMS WITH THIS SIMPLE 
EXAMPLE WORKFLOW

1. Time consuming

2. Keeping log of all steps that were run and in what order

3. Necessary to write postprocessing scripts (well tested?)

4. Collaboration?

5. Reproducibility?

6. Abusing instead of using simulation



VIRTUAL RESEARCH 
ENVIRONMENT WORKFLOW



JOOMMF
• Micromagnetic Virtual Research Environment

• Make running OOMMF simulations in Jupyter notebook 
possible

• Jupyter + OOMMF = JOOMMF

• Domain specific language embedded in general purpose 
language

• In the first stage, we developed a Python wrapper for 
OOMMF



JUPYTER NOTEBOOK



TEXT AND EQUATIONS



TEXT AND EQUATIONS



CODE



VISUALISATION



MULTIPLE SIMULATION RUNS



PLOTTING



ENERGY CROSSING



TABLES



BENEFITS
• Documentation, computation, visualisation in the same 

notebook

• The entire workflow is contained in a single documents

• Self documenting

• Easy to share, publish, and collaborate

• Reproducible



SUMMARY
• Current workflows in computational science have many flaws.

• Probably the most important one is the reproducibility.

• Virtual Research Environment allows us to have documentation (text and equations), code, code 
outputs (text, figures, tables) in a single file

• We have the benefit of using already existing libraries for data analysis and visualisation because we 
use general purpose language

• Much easier publishing, sharing, collaboration

• Important for reproducibility

• URL: joommf.github.io

• Beg et al. arXiv 1609.07432 (2016)

• email: m.beg@soton.ac.uk

• Acknowledge contributions from Hans Fangohr, Ryan A. Pepper, Thomas Kluyver, and Min Ragan-Kelley. Financially supported by 
OpenDreamKit project
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