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Workshop objectives

 Get familiarized with Containerization and Continuous Integration

 Create a Docker image using Docker and host the image in GitLab

 Establish a CI pipeline in GitLab for a software project
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Workshop agenda

Introduction to Suresoft

Part 1: Containerization using Docker

 Introduction to container technologies

 Hands-on exercise: Build a custom Docker image + Break

 Hands-on exercise: Host an image in GitLab

Part 2: Continuous Integration (CI) using GitLab

 Introduction to CI

 Hands-on exercise: Create a simple CI pipeline + Break

 Hands-on exercise: Manage pipeline artifacts and code coverage + Break

Part 3: Demonstration of elPaSo CI pipeline and containerization approaches
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Information

 Workshop slides and documentation (more details, commands, hints, …)

https://suresoft.gitlab-pages.rz.tu-bs.de/workshop-website

 We look forward to your questions and experiences – please unmute and interrupt 

anytime during the workshop or post in chat

 Workshop preparation – see in workshop documentation

 Visual Studio Code

 Git installation

 Example code project (please fork the project once again)

 Docker

 We use the main room for our hands-on session – no break-out rooms

 We use python as our standard language

https://suresoft.gitlab-pages.rz.tu-bs.de/workshop-website


5 September 2022 | Harikrishnan Sreekumar, Lucas Hermann | SURESOFT – CI and Containerization | Page 5

Introduction to Suresoft
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Who are we?

University Library & 

Gauß-IT-Zentrum

18 People from 7 Institutes and Facilities 
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Common problems of research software

1. Software has low code quality

2. Software is neither published nor documented

3. Software depends on a specific runtime environment (e.g third party libraries), 

which may not be available to other researchers
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Software sustainability

R
e
p

ro
d
u

c
ib

ili
ty

E
n
d

u
ra

n
c
e

 

E
v
o
lv

a
b
ili

ty

Software Sustainability



5 September 2022 | Harikrishnan Sreekumar, Lucas Hermann | SURESOFT – CI and Containerization | Page 9

SURESOFT Approach for Sustainable Software

Infrastructure & Methods

CI &  

Automated Testing
Virtualization 

Archiving &

Publication

Issue Reporting

Version Control

Installation &

Deployment

Education

Software Engineering 

Principles

Documentation

Testing
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Suresoft workshop series

Every 4 weeks

1. Version Control using Git June 13

2. Clean Code and Refactoring July 11

3. Introduction to Software Testing August 8

4. Introduction to Continuous Integration (CI) 

using GitLab and Containerization September 5

5. Principles of Software Engineering October 10

6. Introduction to Design Patterns November 7

7. Working with legacy code TBA

8. Test Driven Development TBA

9. Documentation TBA
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Part 1: Containerization
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Motivation

[blogs.sap.com]

Containerization | Continuous Integration | elPaSo Demonstration
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Motivation | Dependency Hell

[xkcd.com] [Matt Rickard:The nine circles of dependency hell 

(and a roadmap out). 2021]

Containerization | Continuous Integration | elPaSo Demonstration
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Motivation | Credibility crisis

Questionable reliability, accuracy, reproducibility and verifiability of the results …

https://go.nature.com/2DgtDKR

Containerization | Continuous Integration | elPaSo Demonstration

https://go.nature.com/2DgtDKR
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Motivation | Suresoft survey

62.07% do not rely on containers

Containerization | Continuous Integration | elPaSo Demonstration

Do you use any containerization platform?
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What is a container?

“A container is a standard unit of software that packages up code and all its dependencies so the 

application runs quickly and reliably from one computing environment to another.”

[docker.com]

Containerization | Continuous Integration | elPaSo Demonstration
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Container technologies

 Encapsulate entire runtime environment, including dependencies

 Easy to share and use Ensures reproducibility

 Scripted environment provides basic documentation

 Great for continuous integration

 Unlike running VMs, running numerous containers is possible

 Docker in CI, Singularity in HPC Hardware

OS

Container Runtime

Container

App

Libs

Container

App

Libs

Container

App

Libs

Containerization | Continuous Integration | elPaSo Demonstration
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Container vs Image

 Image is a blueprint or recipe with instructions for deploying containers

 Container is a running instance of an image – a lightweight VM

Containerization | Continuous Integration | elPaSo Demonstration

Recipe
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Container vs Image

 Image is a blueprint or recipe with instructions for deploying containers

 Container is a running instance of an image – a lightweight VM

Containerization | Continuous Integration | elPaSo Demonstration

Recipe

Docker File

Build Run

Docker Image

(read-only)

Docker Container

Docker Container

Docker Container

(read-write)
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How does it work?

Client-server architecture

Containerization | Continuous Integration | elPaSo Demonstration

Docker client

Recipe

Docker File

docker build

docker pull

docker run

Docker registryDocker daemon

Docker ImageDocker Container Docker Hub
Container registry

In GitLab

How an user interact with Docker 

daemon

Manages Docker services, Docker 

objects (containers, images,  

volumes, …)

Central place to store Docker images



5 September 2022 | Harikrishnan Sreekumar, Lucas Hermann | SURESOFT – CI and Containerization | Page 21

Docker (Containerization) for reproducible research

[Boettiger, Carl. "An introduction to Docker for reproducible research." 

ACM SIGOPS Operating Systems. Review 49.1 (2015): 71-79]

Dependency hell and code rot 

 Handling 3rd party libraries – their compatibility, 

evolution, long term preservation

With containerization (Docker)

Docker image wraps the software with all the 

software dependencies and environment

Imprecise documentation

 Lack of documentation on how to prepare and 

build software dependencies and environment

With containerization (Docker)

Dockefile scripts resolves imprecise 

documentation

Barriers to adoption and reuse in existing 

solutions

 Challenges faced by researchers when adopting 

techniques and tools to address reproducibility

With containerization (Docker)

Easy sharing of images and integration into 

local development environments

Containerization | Continuous Integration | elPaSo Demonstration
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Using Docker for normal applications

Containerization | Continuous Integration | elPaSo Demonstration

[docker.com]

 Use Docker as version control for the entire software’s environment

 Instead of sharing just codes, share Docker images which are ready to use

 When not to consider Docker:

 Performance concerns → use Singularity instead of Docker for HPC

 Security considerations

 GUI applications → Docker prefer console based execution → PyQt

framework in a Linux container is possible
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Using Singularity for HPC applications

 “Singularity and Docker are great friends”

 Develop with Docker and when in HPC use Singularity-ized Docker image

 Host or Hybrid MPI model – MPI implementation on the host is used by 

singularity to launch MPI inside the container (require compatible MPI 

installation)

mpirun -n <NUMBER_OF_RANKS> singularity exec <PATH/TO/MY/IMAGE> 

</PATH/TO/BINARY/WITHIN/CONTAINER> 

 Singularity is currently supported in the TU BS Phoenix Cluster

[https://docs.sylabs.io/guides/3.10/user-guide/mpi.html] [sylabs.io]

Containerization | Continuous Integration | elPaSo Demonstration
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How to get Docker?

Containerization | Continuous Integration | elPaSo Demonstration

 Docker Desktop (Mac, Windows, Linux) - https://docs.docker.com/get-docker/

 Ubuntu - https://docs.docker.com/engine/install/ubuntu/

 For windows machines, you may require Hyper-V and WSL activated. Also, virtualization 

support enabled in the BIOS.

https://docs.docker.com/engine/install/ubuntu/
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How to ship Docker images?

Containerization | Continuous Integration | elPaSo Demonstration

 Docker registry – Docker Hub, GitLab container registry, …

 Save and load docker images as tar using

docker save --output archive.tar <my-image>

docker load --input archive.tar
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Part 1: Hands-on exercises | Create and host container
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Technical Prerequisities:

Install Docker on your machine (docs.docker.com/engine/install)

Make sure you have a GitLab Access Token defined and saved (https://git.rz.tu-bs.de/-/profile/personal_access_tokens)

If possible, fork the Suresoft repository and git clone it to your machine (https://git.rz.tu-bs.de/suresoft/ci-workshop-example)

Hands-on exercise: Containerization with Docker

Containerization | Continuous Integration | elPaSo Demonstration

https://git.rz.tu-bs.de/-/profile/personal_access_tokens
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Why use Containers?

 Docker is just one example of a containerization tool.

 A container can be compared to a very fast Virtual Machine

 The local OS and Python package versions etc. don‘t need to be touched to run code for 

specific versions

 Your code and also the complete environment can easily be ported to another machine on 

any other OS

Hands-on exercise: Containerization with Docker

Containerization | Continuous Integration | elPaSo Demonstration
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Part 1: Installation

 Docker Desktop (GUI) vs. Docker Engine (CLI)

 Follow instructions on docs.docker.com/engine/install

 Test the installation in the CLI:

Hands-on exercise: Containerization with Docker

Containerization | Continuous Integration | elPaSo Demonstration
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Part 2: Get a basic Python container

 Docker provides pre-installed images at „Docker Hub“

 Pull the latest image for python:

 Now you can use docker run and the image to run a single script inside a Python 

Container:

Hands-on exercise: Containerization with Docker

Containerization | Continuous Integration | elPaSo Demonstration
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Part 3: Larger Projects and Dockerfiles

 If your project involves more than only one script, it makes sense to write a Dockerfile.

 Specific to your needs, docker builds a container image based on the Dockerfile

Hands-on exercise: Containerization with Docker

Containerization | Continuous Integration | elPaSo Demonstration
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Part 3: Larger Projects and Dockerfiles

 Within the requirements.txt, all necessary python packages are defined

 It can be generated in your local environment using pip3 freeze

Hands-on exercise: Containerization with Docker

Containerization | Continuous Integration | elPaSo Demonstration
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Part 4: Building the Image

 cd into the project directory, in which the Dockerfile and the requirements.txt lie

 Make sure the Dockerfile has no file extension such as .txt

 Build the new custom image and tag it with a name:

 Under the name „example-project“ there is now a container image with your specifications

Hands-on exercise: Containerization with Docker

Containerization | Continuous Integration | elPaSo Demonstration
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Part 5: Integration with VS Code

 Install the Remote-Containers extension

 Add /.devcontainer/devcontainer.json to the directory:

Hands-on exercise: Containerization with Docker

Containerization | Continuous Integration | elPaSo Demonstration
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Part 5: Integration with VS Code

 The next time VS Code is opened, it asks to „reopen the folder in a container“. Click 

Reopen.

 In the Remote Explorer menu, it is now visible that the project runs inside a container 

based on your „example-project“ image.

 You can now install extensions to the container and work with it as usual.

Hands-on exercise: Containerization with Docker

Containerization | Continuous Integration | elPaSo Demonstration
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Part 6: Host the image on GitLab

 In order to perform automated tests on the image, it is useful to host in on GitLab,

 First, fork our repository: https://git.rz.tu-bs.de/suresoft/ci-workshop-example

 In the new repository, navigate to the Container Registry

Hands-on exercise: Containerization with Docker

Containerization | Continuous Integration | elPaSo Demonstration
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Hands-on exercise: Containerization with Docker

Client-server architecture

Containerization | Continuous Integration | elPaSo Demonstration

Docker client

Recipe

Docker File

docker build

docker pull

docker run

Docker registryDocker daemon

Docker ImageDocker Container Docker Hub
Container registry

In GitLab

How an user interact with Docker 

daemon

Manages Docker services, Docker 

objects (containers, images,  

volumes, …)

Central place to store Docker images
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Part 6: Host the image on GitLab

 Follow the steps on the site

 Generate Access Token

Hands-on exercise: Containerization with Docker

Containerization | Continuous Integration | elPaSo Demonstration
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Part 2: Continuous Integration
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Motivation | In Academia

Containerization | Continuous Integration | elPaSo Demonstration

Develops feature A

Develops feature B

Develops feature C

Does feature A still work?

Does feature A and B still work?

PhD Researcher 1

PhD Researcher 2

PhD Researcher 3
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Motivation | Developing in groups

Containerization | Continuous Integration | elPaSo Demonstration

To prevent complex integration:

“Commit code frequently”
[Duval et al. practices]

“Everyone commits to the mainline everyday” 
[Fowler practices]

With CI → Better quality control over new features 

and their effect on existing implementation –

through automated build and test routines

Merge conflicts, bugs, defects, broken routines
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Motivation | Suresoft Survey

Do you use continuous integration?

Containerization | Continuous Integration | elPaSo Demonstration

Continuous integration not a common practice
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What is continuous integration?

“Practice of automating the integration of code changes from multiple contributors

into a single software project.”

[altassian.com]

Containerization | Continuous Integration | elPaSo Demonstration
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Workflow | Continuous integration

Local 

development

Local compiling

and testing

Yes

No

Tests pass? Commit to main

Fix bugs

CI Server:  

Build & Test in production

environment

No

Yes

Tests pass?

On to the next

feature!

Containerization | Continuous Integration | elPaSo Demonstration
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What is Continuous Analysis?

 Combines containerization with the continuous integration approach for reproducibility of 

research

 Building, testing, deployment and publishing takes places in form of a container (Docker)

Create

base 

Container

Configure Continuous

Integration with Container

Commit

CI Server: 

Compile & Test in

Container

Extend Container with

compiled Software

[https://doi.org/10.1038/nbt.3780]

Containerization | Continuous Integration | elPaSo Demonstration
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Continuous integration with GitLab

Build Tests

Shared/Specific Runner

(Docker Executor)

CI Pipeline

Artifacts

(Job outputs)

Push code

Trigger a pipeline
Deploy

Container Packages & 

Registries

Variables

(Global env

variables, 

keys, etc.)

.gitlab-ci.yml
Preparation

✓

✓

✓ ✓

✓

For each 

job

Containerization | Continuous Integration | elPaSo Demonstration
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Continuous integration with GitLab

Build Tests

Shared/Specific Runner

(Docker Executor)

CI Pipeline

Artifacts

(Job outputs)

Push code

Trigger a pipeline
Deploy

Container Packages & 

Registries

Variables

(Global env

variables, 

keys, etc.)

.gitlab-ci.yml
Preparation

✓

✓

✓ x

✓

For each 

job

Containerization | Continuous Integration | elPaSo Demonstration
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Typical continuous integration pipeline

 Typical CI pipeline incorporates:

 building the software

 running extensive test suits

 providing rapid/continuous feedback to the developers

Containerization | Continuous Integration | elPaSo Demonstration
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Advantages of CI

 Increases code-sustainability

 Increases quality of software development

 Decrease in repetitive manual process

 Software is always ready to use

 Increased robustness of the product

 Easiness to locate and remove defects

 Decrease in rate of project failure

[E. Soares, et al.: The Effects of Continuous Integration on Software Development: a Systematic Literature Review. 2021]

Containerization | Continuous Integration | elPaSo Demonstration
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Part 2: Hands-on exercises | Create a CI pipeline
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Part 1: Write the Configuration File

 Navigate to the Pipeline Editor

 Define stages, images and scripts

Hands-on exercise: CI using GitLab

Containerization | Continuous Integration | elPaSo Demonstration
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Part 2: Push and check Pipeline status

Hands-on exercise: CI using GitLab

Containerization | Continuous Integration | elPaSo Demonstration
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Part 3: GitLab Runners

 Settings, CI/CD, Runners

 GITZ Runner

 Local Runner

 Group Runner on a Server

Hands-on exercise: CI using GitLab

Containerization | Continuous Integration | elPaSo Demonstration
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Part 4: Job Artifacts

 In .gitlab-ci.yml, use “artifacts” keyword

 Step 1: For unit-tests job, collect “report_unit_tests.html”

 Step 2: For acceptance-tests job, collect “report_acc_tests.html” and “./data/result.mat”

Hands-on exercise: CI using GitLab

Containerization | Continuous Integration | elPaSo Demonstration
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Part 5: Test coverage visualization

 Code coverage is detected with regular expression

 With pytest use:

 Step 1: Collect coverage for both unit-tests and acceptance-tests

 Step 2: Use GitLab-Badges

Hands-on exercise: CI using GitLab

Containerization | Continuous Integration | elPaSo Demonstration
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Best practices
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Best practices | Containers

Containerization | Continuous Integration | elPaSo Demonstration

 Use Docker containers during code development

 Share Docker images and Dockerfiles

 Smaller images

 Use proper base image → start with alpine (5 MB) instead of Ubuntu (188 MB)

 Use multistage builds → One image for builds, tests and another for running by copying 

application artifacts

 Minimize the number of layers in a docker image

 Delete unwanted artifacts

 When in CI

 Assign version your docker image. Example: Git commit hashes

 Do not store passwords, keys, tokens, etc in images → Supply during runtime (GitLab Variables)

[https://docs.docker.com/develop/dev-best-practices/]
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Best practices | CI

 “Commit early and commit often”

 Strive to have successful CI pipelines

 Do not generate the same image every time → Host centrally in a registry for faster pipeline and for 

saving resources

 Do not hard code sensitive information in .gitlab-ci.yml → Use GitLab Variables (Settings > CI/CD > 

GitLab Variables)

 Showcase your CI achievements with GitLab Badges (Settings > General > Badges)

[https://about.gitlab.com/topics/ci-cd/continuous-integration-best-practices/]

Containerization | Continuous Integration | elPaSo Demonstration
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Part 3: Demonstration of elPaSo container approaches 

and CI pipeline
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elPaSo | About

Elementary Parallel Solver (elPaSo)

 Performs vibroacoustic analysis in the modal, 

static, time and frequency domain

 Based on FEM, BEM, SBFEM

 Efficient computing strategies - parallel computing, 

model order reduction

tu-bs.de/en/ina/institute/ina-tech/research-code-elpaso
Source: InA/TU Braunschweig

Containerization | Continuous Integration | elPaSo Demonstration
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elPaSo | CI Pipeline

https://git.rz.tu-bs.de/akustik/elPaSo

Preparing
environment

Software 
compilation

Unit and
acceptance testing

Documentation –
tutorial and technical

Release of stable
software images

Containerization | Continuous Integration | elPaSo Demonstration
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elPaSo | Software architecture

elPaSo

x64, Linux

Pure MPI, Hybrid MPI + OpenMP Threading

GNU

Intel PETSc SLEPc ARPACK

SMP Architecture Cluster Architecture

Meta Data

XML VTK

HDF5

Compilers Math Routines

MKL 

BLAS

MKL 

LAPACK

Algebraic

packages

Intel MPI Open MPI
MPI

support

MUMPS PARDISO
Sparse

solvers

Source: InA/TU Braunschweig

Containerization | Continuous Integration | elPaSo Demonstration
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elPaSo | Containerisation

https://git.rz.tu-bs.de/akustik/elPaSo/container_registry

Primary image  : Standard environment (heavy, used by developers and CI)

Software image: Built software with all dependencies (lightweight, used by users)

Our platform choice:

 Docker images

 Singularity images from respective docker images when executing in parallel

Primary images

elpaso-baseimage-ubuntu-x64

elpaso-baseimage-intel-ubuntu-x64 

Software images (stable releases)

elpaso-gnu-ubuntu-x64:$CI_COMMIT_SHA

elpaso-intel-ubuntu-x64:$CI_COMMIT_SHA

Containerization | Continuous Integration | elPaSo Demonstration
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elPaSo | Managing dependencies

Containerization | Continuous Integration | elPaSo Demonstration

PETSc SLEPc

ARPACK

HDF5

MKL

OpenMPI

3rd Party Libraries
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elPaSo | Managing dependencies

Containerization | Continuous Integration | elPaSo Demonstration

CONAN registry in GitLab
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elPaSo | Managing dependencies

 Easy elPaSo installation

 Time consuming 3rd party library installation can be avoided (1.5 hours → ~1 minute)

 Reduced Docker image size in CI ( 32 GB → 7 GB [Intel] | 1 GB [GNU] )

 Docker script for elPaSo dependencies is now least complicated

Containerization | Continuous Integration | elPaSo Demonstration
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Coming up next in workshop series
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Suresoft workshop series

Every 4 weeks

1. Version Control using Git June 13

2. Clean Code and Refactoring July 11

3. Introduction to Software Testing August 8

4. Introduction to Continuous Integration (CI) 

using GitLab and Containerization September 5

5. Principles of Software Engineering October 10

6. Introduction to Design Patterns November 7

7. Working with legacy code TBA

8. Test Driven Development TBA

9. Documentation TBA
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Thank you for your attention


