
||ID | SIS

2017 hpc-ch Forum – Containers for HPC
Balazs Laurenczy
ETH Zürich – Scientific IT Services

26.10.2017 1

Pipeline Interoperability Using Containers
in the Context of Personalized Health Research

Balazs Laurenczy



||ID | SIS

§ Motivation

§ Pipeline Interoperability        
e-Science Coordination team             
pilot project

§ EnhanceR project             
follow up to the pilot project

26.10.2017Balazs Laurenczy 2

Outline



||ID | SIS

§ Motivation

§ Pipeline Interoperability        
e-Science Coordination Team             
pilot project

§ EnhanceR project             
follow up to the pilot project

26.10.2017Balazs Laurenczy 3

Outline



||ID | SIS 26.10.2017Balazs Laurenczy 4

Motivation – SPHN

“… nationally coordinated data 
infrastructure ensuring data 
interoperability of local and 
regional information systems with 
special emphasis on clinical data 
management systems enabling 
effective exchange of patient 
data (e.g. disease phenotypes).”

source: https://www.sphn.ch/en/about.html
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Motivation – Requirements from Personalized Health Data

Swiss Personalized Health Network

hospital B

hospital A analysis / computing

hospital C
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Motivation – Requirements from Personalized Health Data

§ Sensitive medical data exist in many different location
§ Computing goes to the data, not vice versa
§ Hard requirement of SPHN to share the pipelines with other SPHN members

§ Improve the sharing of software within the Swiss Scientific IT Services via the 
usage of containers
§ Need for a framework to fetch, validate, deploy and run containers
§ Helps to lower the effort to make a pipeline available on a different infrastructure (no need to 

install dependencies, etc.)

Swiss Personalized Health Network
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Pipeline Interoperability project – Goals

§ Assess pipeline interoperability between the different HPC clusters of 
Switzerland using container technologies
§ Pipeline: chain of data-processing software (e.g. bioinformatics workflow)
§ Pipeline interoperability: the possibility to run the same pipeline on different physical 

infrastructure with the same outcome / output
§ Container: OS-level virtualization method for running software without launching an entire VM

§ Challenge of using containers on an HPC infrastructure
§ Docker and Singularity
§ Interaction with scheduler

§ Create a community of container-developers / -deployers / -maintainers / -users
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Pipeline Interoperability project – Community

Scientific IT Services
S3IT
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Pipeline Interoperability project – Summary & Outcomes
§ Technology used:

Docker most used software container platform – unavailable on HPC environment due to high 
privilege requirement

Singularity HPC-friendly container platform that has compatibility with Docker

§ Milestones (completed by all members of the community)
§ Singularity installation and basic “hello world” pipeline running 
§ More complex pipeline (bioinformatics oriented)
§ Docker → Singularity conversions via different means (Dockerfile, Dockerhub, own registry, etc.)

§ singularity-pipeline python runner module

§ Guidelines document  (http://bit.ly/guidelines_containers)
§ gathers know-how and best practices
§ defines standards for achieving pipeline interoperability
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Pipeline Interoperability project – Milestones

./configure
make
sudo make install

$PREFIX/etc/singularity/singularity.conf

mount home = yes Defines if the user home folder should be available 
inside the container by default.

mount tmp = yes Defines if the /tmp folder from the host should be 
available inside the container by default.

bind path Define multiple paths from the host system which should be 
available inside the container by default. A typical use case is to configure the 
cluster’s shared scratch file system or the cluster’s projects file system to be 
available inside the containers.

enable overlay = yes This option is very interesting as it enables the use 
of the use of the overlay file system (overlayfs) so that paths which do not 
exists inside the container are created on the fly. For example, …

§ Singularity installed
Extracted from the guidelines document
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Pipeline Interoperability project – Milestones

# build the Docker image using the "Dockerfile"
sudo docker build -t hello_world_pipeline .

# convert the Docker image to a Singularity image
sudo docker run -v /var/run/docker.sock:/var/run/docker.sock -v 
$(pwd):/output -- privileged -t --rm singularityware/docker2singularity 
hello_world_pipeline

§ Singularity installed
§ “hello world pipeline” 

building

“hello world pipeline” Dockerfile

hello world pipeline
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Pipeline Interoperability project – Milestones

§ Singularity installed
§ “hello world pipeline” 

building

§ ”hello world pipeline” 
running

“hello world pipeline” Dockerfile
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Pipeline Interoperability project – Milestones
“bioinformatics pipeline” Dockerfile

§ ”bioinformatics pipeline” 
building
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Pipeline Interoperability project – Milestones
“bioinformatics pipeline” bash script

§ ”bioinformatics pipeline” 
building

§ ”bioinformatics pipeline” 
running

$ singularity exec [CONTAINER_FILE_NAME] [TOOL_INSIDE THE CONTAINER] [PARAMETERS_FOR_TOOL]
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Pipeline Interoperability project – Milestones
# build the Docker image using the "Dockerfile"
sudo docker build -t hello_world_pipeline .

# convert the Docker image to a Singularity image
sudo docker run -v /var/run/docker.sock:/var/run/docker.sock
-v $(pwd):/output --privileged -t --rm
singularityware/docker2singularity hello_world_pipeline

# pull from DockerHub
singularity pull docker://blaurenczy/esct-pipeline-
interoperability:hello_world

# pull from SIS “private” repository
singularity pull --size 1024 
docker://sissource.ethz.ch:5005/balazsl/esct-pipeline-
interoperability:hello_world

§ Docker -> Singularity 
conversion via Dockerfile

§ Docker -> Singularity 
conversion via DockerHub

§ Docker -> Singularity 
conversion via alternative 
Docker registry (GitLab)
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Pipeline Interoperability project – Runner module

§ Runner module   
singularity-pipeline

Alexander Kashev
Faculty Science IT Support
Universität Bern
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Pipeline Interoperability project – Runner module

“hello world pipeline” YAML description file

singularity-pipeline

BUILD
Singularity
containers

RUN
Singularity
containers

VALIDATE
Singularity
containers

hello_world_pipeline.img hello_world_pipeline.yaml
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VALIDATE

myContainer.img

myContainer.yaml

testOutput.txt

testData.dat

PASS
or

FAIL
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Pipeline Interoperability project – Runner module
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Pipeline Interoperability project – Runner module

myOwnData.txt

$ singularity-pipeline build

$ singularity-pipeline test

$ singularity-pipeline run
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Pipeline Interoperability project – Guidelines
http://bit.ly/guidelines_containers 1. Executive summary

1.1 Motivation & Goal
1.2 Main achievements

2. Guidelines
2.1 Singularity
2.2 Installation / configuration of Singularity
2.3 Building Singularity containers
2.4 Example pipelines

2.4.1 Basic “hello_world” 
2.4.2 Bioinformatics 
2.4.3 Additional examples

3. Best practices & technical topics addressed
3.1 Path binding
3.2 Container Validation
3.3 Container metadata and runner module
3.4 Container design strategies 

4 Outlook & open questions
4.1 Container Security
4.2 Advanced HPC and containers
4.3 Shifter and Singularity
4.4 Other interoperability aspects
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Pipeline Interoperability project – Orchestration strategies

package the whole pipeline inside the container
and “just run it”

package tools inside the container 
and call them from your pipeline”

package the whole pipeline inside the container
and execute it in a more flexible way (execute only 
parts of it, change options, etc.)
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Pipeline Interoperability – follow up

§ Coordination and Community

§ MelArray
§ a bioinformatics use case

§ GPU Singularity containers

§ MPI Singularity containers
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MelArray – a containerized bioinformatics pipeline

§ Aim: Convert a bash script based bioinformatics pipeline (MelArray) 
into a containerized Snakemake pipeline
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§ GPU Singularity container
§ Tested with TensorFlow and Python3
§ Tested with different versions of Python3, TensorFlow, CUDA
§ Testing done on the Leonhard cluster (on GTX 1080)
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Pipeline Interoperability – GPU Singularity containers

§ MPI Singularity container
§ Currently testing with openmpi 2.1.0
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Pipeline Interoperability – GPU Singularity containers

§ MPI Singularity container
§ Currently testing with openmpi 2.1.0

HOST

CONTAINER
/usr/lib64/cuda
/usr/lib64/cudnn

/cluster/lib64/nvidia /usr/lib64/nvidia

/cluster/lib64/cuda
/cluster/lib64/cudnn
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Conclusion

§ Combining Docker and Singularity to achieve pipeline interoperability
§ technology scouting, best practices, guidelines / documentation

§ Pipeline interoperability project is show case example of a successful 
collaborative effort within eSCT / EnhanceR

§ Proof of concept that containers are a viable approach for the upcoming SPHN-
related IT challenges
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ETH Zürich
Balazs Laurenczy
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Guidelines document:
http://bit.ly/guidelines_containers
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