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▸ Emerges as the third pillar of research and development 
in academia and in industry. 

▸ Computational studies complement experimental and 
theoretical studies. 

▸ At times the only feasible way to address research 
challenges, effective industrial design and engineering of 
various products and systems.

COMPUTATIONAL SCIENCE
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▸ Often results are not reproducible. Why not? 

▸ Complex workflow: simulation codes, configuration files, 
execution of many runs, post-processing, image creation, 
report/publication writing 

▸ “Sharing data and software gives away competitive edge.” 

▸ “Don’t know how.” 

▸ “It is too much work.”

REPRODUCIBILITY IN COMPUTATIONAL SCIENCE
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▸ Faster to use, more accessible, and more reproducible 

▸ Goal of the OpenDreamKit project via a Virtual Research 
Environment (VRE)

GOAL: MAKE COMPUTATIONAL SCIENCE MORE EFFECTIVE
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MICROMAGNETICS 
AND OOMMF

PART 2



“… is the study, modelling, and simulation of 
magnetic materials and their behaviour at the 

nanometer scale.”

MICROMAGNETICS
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▸ In conventional semiconductor electronics and magnetic recording, 
we already reached the physical limits. 

▸ We need radically different approaches for the development of 
future data storage and processing devices. 

▸ One of the several possible candidates is spintronics.

WHY DO WE NEED IT?
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▸ The main unknown in micromagnetics is the continuous 
vector field.

MAGNETISATION

M = M(r, t) M : R3 ! R3
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ZEEMAN ENERGY

▸ Tends to align magnetisation parallel to the external field.

H
m

H
mwz = �µ0Msm ·H
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UNIAXIAL ANISOTROPY ENERGY

▸ Wants magnetisation parallel or antiparallel to the 
anisotropy axis    .

wa = �K(m · u)2

u m
u
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EXCHANGE ENERGY

▸ Tends to align all magnetic moments parallel to each other.

m2

wex = A[(rmx)
2 + (rmy)

2 + (rmz)
2] = A(rm)2
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DZYALOSHINSKII-MORIYA ENERGY

▸ Wants neighbouring magnetic moments perpendicular to 
each other.

m2

wdmi = Dm · (r⇥m)
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EXCHANGE AND DMI
▸ Exchange aligns all spins parallel to each other with no 

preferential direction. 

▸ DMI wants neighbouring spins perpendicular to each 
other.

m2

m2

wex = A(rm)2

wdmi = Dm · (r⇥m)
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MORE COMPLICATED CASE

m2

m2

wex = A(rm)2

wdmi = Dm · (r⇥m)wa = �K(m · u)2
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2D SAMPLE



▸ Probably the most widely used 
micromagnetic simulation tool 

▸ Developed at National Institute for 
Standards and Technology (NIST), US, 
since ~1998 by Michael Donahue & 
Don Porter 

▸ Cited in over 2200 times scientific 
publications (likely more) 

▸ Written in C++ & Tcl 

▸ math.nist.gov/oommf/ 

OOMMF (OBJECT ORIENTED MICROMAGNETIC FRAMEWORK)
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https://math.nist.gov/oommf/oommf_cites.html
http://math.nist.gov/oommf/
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RESEARCH QUESTION
vortex

flower

?
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STEP 1: WRITE SIMULATION FILE
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STEP 2: RUN SIMULATION
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STEP 3: READ DATA
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REPEAT STEPS 1, 2, 3
L flower vortex

8,0 ? 3.23x10-16

8,1 ? ?
8,2 ? ?
8,3 ? ?
8,4 ? ?
8,5 ? ?
8,6 ? ?
8,7 ? ?
8,8 ? ?
8,9 ? ?
9,0 ? ?
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▸ Finally, we plot the data and find the crossing. 

▸ We use separate plotting scripts or graphical user interface.

STEP 4: POSTPROCESSING

Find crossing 
(usually “eye-norm”)
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WORKFLOW

Write script

Run script

Read results

Postprocessing
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▸ Time consuming 

▸ Many manual steps 

▸ Logging all steps is very difficult 

▸ Difficult to re-execute automatically 

▸ Reproducibility?

EFFECTIVE?
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OBJECTIVE: MICROMAGNETIC VIRTUAL RESEARCH ENVIRONMENT
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Python interface (WP3) Jupyter integration (WP4)

Virtual Research Environment (VRE)

VRE in the cloud (WP4)

Dissemination and Evaluation (WP2)



COLLABORATION WITHIN OPENDREAMKIT

PART 3 - TYPICAL COMPUTATIONAL WORKFLOW

▸ nbval (Simula Research Laboratory) 

▸ Test Jupyter notebooks 

▸ Keep documentation up-to-date 

▸ k3d (University of Silesia) 

▸ 3d visualisation inside Jupyter notebook 

▸ Interactive plotting 

▸ Coming soon…
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▸ conda (conda-forge) 

▸ conda install —channel conda-forge joommf

▸ Provides OOMMF and all dependencies  

▸ Supported on Windows, MacOS, Linux

EASY TO INSTALL
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PART 4 - JOOMMF

ALTERNATIVELY… JOOMMF IN THE CLOUD

▸ No need to install anything on the user’s machine 

▸ All the user needs is a web browser and an internet connection 

▸ No need to create an account 

▸ No files are created on user’s machine 

▸ Anonymous free service 

▸ Anybody in the world can run it 

▸ Two possibilities: 

▸ https://tryjoommf.soton.ac.uk  

▸ Binder

https://tryjoommf.soton.ac.uk


DEMO: STANDARD PROBLEM 3

?

vortex

flower

?
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MICROMAGNETIC VIRTUAL RESEARCH ENVIRONMENT

▸ Executable document hosting text, equations, code, and results 

▸ It replaces the complex workflow showed previously 

▸ Easily executed again if any parameter should be changed 

▸ Easy installation 

▸ JOOMMF in the cloud:  

▸ https://tryjoommf.soton.ac.uk  

▸ Binder

https://tryjoommf.soton.ac.uk
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DISSEMINATION
▸ Over 450 researchers from around 80 countries have attended our 

workshops and tutorials at major international conferences 

▸ We invite feedback, feature requests and provide support to researchers 

▸ Two university courses are under development, based on JOOMMF
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THREE TYPES OF DISSEMINATION ACTIVITIES

1. Walk-in sessions 

2. Tutorials 

3. Workshops
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JOOMMF USERS
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PYTHON AND JUPYTER NOTEBOOK
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WORKSHOP MATERIALS

‣ Introduction to micromagnetics 

‣ Introduction to JOOMMF 

‣ Tutorials and exercises 

‣ Include solved examples and exercises 

‣ Goal is to reproduce results from a Nature 
Communications paper. 

‣ Demo on workshop materials during breaks
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WHAT DO 
YOU LIKE IN 
JOOMMF?
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WHAT DO YOU 
NOT LIKE IN 
JOOMMF?



PART 5 - DISSEMINATION

PROBLEMS 1/3
‣ Registration 

‣ Not allowed to know the participants and cannot contact them before the workshop 

‣ We cannot give them installation instructions 

‣ Usually the first hour of the workshop was wasted on installation 

‣ Very advanced steps required for an average PC user (cloning repository, running 
commands in the command prompt,…) 

‣ This problem was now solved with an online JOOMMF VRE 

‣ We now have a JOOMMF YouTube channel with installation instructions.
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PROBLEMS 2/3

‣ Need to better understand our target audience: Physicists 

‣ not excited by implementation details (Python, Jupyter,…) 

‣ easier to learn plain OOMMF than JOOMMF prerequisites 

‣ some find Jupyter Notebook a strange environment 

‣ steep learning curve (Python, NumPy, SciPy, …) 

‣ some don’t see the benefit of a new way to do the same 

‣ What can I do that I could not do so far? Nothing? 

‣ Why did you do it then?
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PROBLEMS 3/3

‣ Academic integrity questions  

‣ Why are you using somebody else’s tool 

‣ We emphasise several times that OOMMF is open-source 

‣ JOOMMF in the cloud: Are you going to steal my work?
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▸ Ability to drive micromagnetic simulations inside a Virtual Research 
Environment 

▸ Integration with Jupyter Notebook 

▸ Rich media representation of equations, meshes, fields 

▸ Widgets to explore data sets interactively in notebook 

▸ Framework to include more micromagnetic computational solvers (for 
example mumax3, micromagnum, fidimag) 

▸ Use of the Python ecosystem for computational and data science, including 
numpy, scipy, pandas, … 

▸ Remote VRE execution of simulation (TryJOOMMF and Binder) 

▸ Easier reproducibility: Notebook contains complete simulation study

SUMMARY
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http://mumax.github.io
http://micromagnum.informatik.uni-hamburg.de
http://computationalmodelling.github.io/fidimag/
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