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What are they? 
Why are they useful? 
How to use them?
How to build them? 
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CONTAINERS FOR SCIENCE

• What are containers?

• Why are containers useful?

• How can we use containers?

• How can we build containers? 
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POLL – WHAT ARE CONTAINERS?

a) A different name for a virtual 
machine

b) Plastic boxes to store food in 
and keep it separated

c) A collection of tools to keep 
programs from interfering with 
each other

Tom Shaw & Steffen Bollmann Slide 4



WHAT ARE CONTAINERS?
• isolate software from its surroundings

• container image includes: code, runtime, 
system tools, system libraries, settings

• resource management provided by the 
Linux kernel (namespaces and cgroups )

• recipe = describes what should be in an 
image

• image = stores everything we need to 
run

• container = what we launch based on an 
image
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https://www.docker.com/what -container#/package_software



DOCKER
• started the container hype by providing 

easy to use packages for Linux, Windows, 
Mac

• widely adopted and supported by cloud 
providers, including orchestration of 
many containers (Kubernetes)

• not easy to run graphical applications 

• re q u ire s e le va te d  p rivile g e s 
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SINGULARITY
• Built to run on HPCs

• simple to install
• untrusted users running untrusted containers
• same user inside image than outside

• built for data science
• GPU devices can be accessed in container 
• graphical applications can run inside containers

• container format based on a single file 
• simple file transfer and archive
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https://www.hpcwire.com/2017/05/04/singul
arity -hpc -container -technology -moves -lab/



VIRTUAL MACHINES VS CONTAINERS
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• e.g. itksnapApplication

• e.g. QT4Libraries

• e.g. Ubuntu 16.04Guest OS

• e.g. VirtualboxHypervisor

• e.g. Centos 6Host OS

• e.g. Dell PrecisionHardware

Storage: 10 GB
Startup : 15s
RAM: 4GB

Storage: 0.1 GB
Startup : 0.2 s
RAM: 0.1 GB



QUESTIONS?
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CONTAINERS FOR SCIENCE

• What are containers?

• Why are containers useful?

• How can we use containers?

• How can we build containers?
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WHY ARE CONTAINERS USEFUL?
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• glibc 2.5 vs 2.18 deliver different floating -point results

• leads to significant differences in long pipelines



USE CASE – RE-RUNNING FREESURFER 
ANALYSIS FROM 5  YEARS AGO
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USE CASES:
SCALABILITY

• Example: Running fMRIPrep
on your pilot data

• Your pilot data turns into 100 
participants.

• OR you have to include a larger 
dataset in your publication

• Use the same software on 
different platforms (your 
notebook/PC, Linux 
workstations, different clusters/ 
high performance computers)

• Run the same pipeline with no 
changes. Hooray!
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https://i.guim.co.uk/img/media/

https://rcc.uq.edu.au/article/2017/10/new -hpc -qld -research -
goodbye -euramoo -hello -awoonga

https://i.guim.co.uk/img/media/
https://rcc.uq.edu.au/article/2017/10/new-hpc-qld-research-goodbye-euramoo-hello-awoonga


USE CASES: RUNNING THINGS ON 
DIFFERENT OS
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• Example: Upgrade your 
computer! Now what?  

• Different OS?

• Run Linux software on Mac and 
Windows

• Containers make your work 
reproducible and robust to OS 
changes.



USE CASES: SHARING
• Example: Sharing a 

reproducible 
pipeline including
the software and the 
data!
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BENEFITS
• Longitudinal stability of software pipeline (e.g., 

upgrade of Ubuntu 16.04 breaks fslview -> 
libpng12 gone)

• Reproducible? Yes and no: version of container can 
change. Is the container build reproducible? 

• Portable

• Isolated – are not exposed to the host system

• Ease of use (e.g., compiling ANTs on a HPC without 
sudo access vs using compiled ANTs container)

• Some software is easier to use in containers (e.g., 
fmriprep , mriqc , BIDSApps / integration.)
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CHALLENGES
• Hard to use – bind mounts/syntax of 

commands

• Docker doesn’t run with HPCs 

• Versioning of containers comes with no 
guarantees – images may not exist 
tomorrow, hubs disappear

• Licensing issues (Freesurfer/ FSL/ MATLAB)

• Black box – how was it made?

• Version of Singularity or Docker changes
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QUESTIONS?
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CONTAINERS FOR SCIENCE

• What are containers?

• Why are containers useful?

• How can we use containers?

• How can we build containers?
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BRAIN IMAGING DATA STRUCTURE
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http://bids.neuroimaging.io/



BIDS APPS

• neuroimaging tools and 
workflows in docker
containers

• e.g. FreeSurfer , SPM, 
MRtrix3, AFNI, ANTS, 
HCPPipelines ....
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https://github.com/BIDS -Apps



CONTAINERS FOR SCIENCE

• What are containers?

• Why are containers useful?

• How can we use containers?

• How can we build containers?

• https://tinyurl.com/ohbm2020 -containers

Tom Shaw & Steffen Bollmann Slide 22

https://tinyurl.com/ohbm2020-containers


HELLO WORLD OF DOCKER

Tom  Sh a w  & Ste ffe n  Bollm a n n Slid e  23



DOCKER CACHES IMAGES

Tom  Sh a w  & Ste ffe n  Bollm a n n Slid e  24

• Does not download image again!



SHOW DOWNLOADED IMAGES
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• This can fill up your hard drive ...

in windows all docker images are stored in a single hyper-v virtual machine disk at: 
C:\ProgramData\DockerDesktop\vm-data\DockerDesktop.vhdx



CLEAN UP DOCKER IMAGES
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FMRIPREP EXAMPLE
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FMRIPREP EXAMPLE
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FMRIPREP EXAMPLE
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PULL FMRIP REP TO HP C
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• I want to run fMRIPrep on the HPC to impress my boss

• Docker doesn’t run – need Singularity 

• Push to docker hub and pull on HPC (so you can run the software without root access)

• Or pull an image from docker/singularity hub 



QUESTIONS
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?

?



A SIMPLE DOCKER CONTAINER
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A SIMPLE DOCKER CONTAINER
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RUN THE CONTAINER 
INTERACTIVELY
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• Running 
graphical 
applications 
requires some 
wizardry

• We will keep 
things simple 
here by going 
into the 
container



RUN THE CONTAINER 
INTERACTIVELY
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• Running 
graphical 
applications 
requires some 
wizardry

• We will keep 
things simple 
here by going 
into the 
container



QUESTIONS?
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?
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NEURODOCKER
• Neurodocker generates 

docker+singularity recipes for 
almost all the tools we need 
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h t tp s://g ith u b .com /re p ron im /n e u rod ocke r



NEURODOCKER RECIP E 

• Let’s make it easier 
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SINGULARITY BUILD
• Build singularity container locally

• Or if you don't have root access: 
https://cloud.sylabs.io/builder

• Build online

• Run!
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https://cloud.sylabs.io/builder


QUESTIONS
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TRANSPARENT SINGULARITY
• Do I always have to type 

singularity exec itksnap_3.8.0_20200505.sif itksnap

to run itksnap ?

No – we can automatically build wrapper scripts and make our life 
easier 
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https://github.com/CAIsr/transparent-singularity



TRANSPARENT SINGULARITY
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TRANSPARENT SINGULARITY
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This created a wrapper for every executable inside the container 

An d  it  m ad e  th e se  wrap p e r sc rip ts kn own  to  th e  HPC m od u le  syste m  



TRANSPARENT SINGULARITY
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• Now we can just use all tools inside the container (and combine 
tools from different containers)



Thank you

Centre for Advanced Imaging

@sbollmann_MRI

@thomcat992
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