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🐱 A little about me…

● 3rd year PhD in Statistics & Applied Probability
● Background: Computer Science, Applied Mathematics
● Interests: software development, reproducibility/explainability in ML
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🐱 A little about me…

● 3rd year PhD in Statistics & Applied Probability
● Background: Computer Science, Applied Mathematics
● Interests: software development, reproducibility/explainability in ML
● As with most things, tripped, stumbled, and fell into this project by good 

fortune during my 2nd year
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🐱 A little about me…

● 3rd year PhD in Statistics & Applied Probability
● Background: Computer Science, Applied Mathematics
● Interests: software development, reproducibility/explainability in ML
● As with most things, tripped, stumbled, and fell into this project by good 

fortune during my 2nd year
● Since then I have built tooling, created documentation, and ran 

workshops/trainings for the department to spread the good words of 
containerized research
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♻ Reproducibility

“An article about computational science in a scientific publication is not the 
scholarship itself, it is merely advertising of the scholarship. The actual scholarship 
is the complete software development environment and the complete set of 
instructions which generated the figures.”

Buckheit & Donoho [1]
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♻ Reproducibility

● An honorable task… one that requires effort and care in practice
● Simple truth: reproducibility is hard
● As a result, it is usually a burden or an afterthought

Me
The shoulders of giants
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♻ Reproducibility Options – Good

● Naïve solution: README with dependency instructions
○ e.g. sf package in R → relies on multiple manually configured dependencies (geos, gdal, proj)
○ Ok (at best): In depth test of reading comprehension
○ Con: Assumes in depth knowledge on the part of maintainer and user
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♻ Reproducibility Options – Better

● Naïve solution: README with dependency instructions
○ e.g. sf package in R → relies on multiple manually configured dependencies (geos, gdal, proj)
○ Ok (at best): In depth test of reading comprehension
○ Con: Assumes in depth knowledge on the part of maintainer and user

● Language Package Managers
○ e.g. requirements.txt, environment.yml, package-lock.json, etc.
○ Pro: Simple to use, usually built in with language or environment (Anaconda)
○ Con: Depends on underlying OS, not language agnostic, “works on mine, not on thine”
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♻ Reproducibility Options – Complete

● Naïve solution: README with dependency instructions
○ e.g. sf package in R → relies on multiple manually configured dependencies (geos, gdal, proj)
○ Ok (at best): In depth test of reading comprehension
○ Con: Assumes in depth knowledge on the part of maintainer and user

● Language Package Managers
○ e.g. requirements.txt, environment.yml, package-lock.json, etc.
○ Pro: Simple to use, usually built in with language or environment (Anaconda)
○ Con: Depend on underlying OS, not language agnostic, “works on mine, not on thine”

● Virtual Machines
○ Emulation/virtualization of a computer from hardware to software (computer in computer)
○ e.g. VirtualBox, VMWare
○ Pro: Portable via images, fully reproducible from ground up
○ Con: “If you wish to make an apple pie from scratch, you must first invent the universe.”

~ Carl Sagan
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♻ Reproducibility Options – Just right…

● Containerization
○ Benefits of a VM, usage similar to a package manager
○ Access to full system resources – minimum overhead

■ No hypervisor needed to manage system resources
○ Contains just the required packages and configuration 

(OS/language(s)/packages/tools)
■ Only abstracts away software applications

○ Each container is isolated from the system and from each other (in some cases, other users)
■ e.g. 3 containers for separate projects with different language versions and 

dependencies
○ Easily shareable for other people to spin up and use
○ Widely used in software engineering for the specific purpose of isolating applications and 

development environments
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📦 Why use containers for research?
● Scenario 1:

○ Want two different versions of R
○ Non-trivial task – will likely require you to build R from source or use renv
○ Solution: Can use RStudio professional or Anaconda

● Scenario 2:
○ Attempting to install dependencies for a research project via a package manager…
○ …only to realize it will only run on a Unix system
○ Solution: Shell out for a Macbook or install Linux

● Scenario 3:
○ A new student joins your lab and needs to get ramped up on an existing project
○ Will need to replicate language, package, and tool configurations… 
○ Solution: Either leave them to their own devices or sit down and take time ironing out their 

configuration given their unique system

● Impossible to address all these scenarios at once
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📦 Why use containers for research?
● Reproducibility should be something we 

simply do everyday
● Be able to configure a wide range of 

languages, packages, and development 
tools

● At the same time research should be 
available wherever you take or share it

● More than that it should be simple to 
use, run, and interface with

● …as a result, we should dive straight into 
containers!
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📦 Containers for Reproducibility [2]

● Lightweight virtualization → Only requires a container engine 
(Docker/Podman/Apptainer) for the underlying hardware

● Relies on a “Dockerfile” to completely define a working environment → 
easily portable between people and systems

● Can create arbitrary operating system, software, and language configurations
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📦 Containers for Reproducibility [2] (Example)
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⚠ Challenges – Docker CLI

● As you can see, we are interacting with terminal which is not ideal
● A more complex configuration using a Jupyter container:

docker run -it --rm -p 10000:8888 -v "${PWD}":/home/jovyan/work 

quay.io/jupyter/r-notebook:2024-10-07

● No easy way to manage containers other than learning yet another CLI tool
● Cumbersome! (and not even the most complicated configuration)
● Writing the actual configs can get complicated as well (more on that later)
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🎁 Development Containers with Visual Studio 
Code
● “Development containers” (devcontainers) [3] simplify the process of 

interacting with and managing your containers
● Adds one additional spec file: devcontainer.json in it…

○ …we can specify either a pullable image or a Dockerfile
○ …configure build and run arguments
○ …add development environment customizations through extensions

● This interfaces with Visual Studio Code (VS Code), a powerful integrated 
development environment that helps manage our containers, remote servers, 
and GitHub repositories through convenient extensions

● Our project software and development tools are now made easily 
reproducible, shareable, and (most importantly) interactive
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📦 Devcontainers with VS Code (Example)
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🎁 Devcontainers with VS Code (Example)
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🎉 Devcontainers with VS Code (Example)
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🎁 Devcontainers with VS Code (Jupyter Stacks)

● Previous container isn’t too exciting so let’s check out one with a built in 
RStudio server

● To do this we will use Jupyter Docker Stacks [4], a set of Docker images 
containing Jupyter apps and tools

● If you or your institution uses JupyterHub instances for students then you 
may have been using this the entire time without realizing it!
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The image
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System Packages
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R preference files
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RStudio
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Conda/Mamba packages
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Pip packages
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R packages
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GitHub CLI
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Jupyter Token
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Attaching local directory to container directory
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Some additional arguments for running container
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Opening local port for JupyterLab
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Additional VS Code preferences and extensions
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💪 Further Extending Usability

● With additional extensions we can build and manage our containers (and 
images) interactively

● This simplifies the overall management process of your project (and more)
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🏫 Real World Usage - Our Department

● 🛠 Want to revamp department server…
○ Original server was centrally managed
○ Languages, packages, software were all shared

by users
○ Tools like RStudio were only accessible via a specific

server

● 🥴 Needless to say this limited users…
○ Locked users to specific software versions
○ New packages needed to be requested
○ Dependency conflicts everywhere
○ Access limited to terminal interaction

● ✅ Solution?: Devcontainers
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📚 Some Requirements

● Ability to reproduce and share work
● Work on a multiuser system in isolation

○ Something that is possible to configure for 
containers but somewhat nontrivial

● Ease of use
○ As seen previously, creating more complex

Dockerfiles can be, again, a nontrivial task
○ Researchers should be able to spin up a custom

image with ease
○ More than that, they should be able to have a

starting point for configuration
○ Should also be able to easily connect to and 

manage remote servers!
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● Because writing container files can be a difficult 
process…

…we created an extendable template!

📜 Dev Container Template
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● We include our template tooling with an image on Jetstream2
● Usage is exactly the same between different systems

+

✨ Beyond…

● Additionally, devcontainer files can be run without any additional tooling 
once uploaded on GitHub via a feature called CodeSpaces

● This is a feature that is available with GitHub Pro (which is free for all 
academics)
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