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Motivation
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Challenges in configuration and setup of complex scientific simulation software

- Complex library and tool dependencies
- Different execution environments (workstation vs. HPC system)

- Dependencies for older software versions may not be available anymore

= Full reproducibility of scientific result data of simulations is a challenging
task and may even be impossible.
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Encapsulate code, dependencies, execution environment and data into a
portable unit using container technologies

» Allow encapsulation of complex software setups

» Recent developments in scalable (HPC-enabled) container technologies, e.g.
Singularity [1]

» Light-weight form of computer virtualization = High performance [2]
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Outcome

- Provide portable containerized simulation software
- Hiding complex software setups from the user
- Executable on workstations (Linux, macOS) and arbitrary HPC systems
- Integrate into typical scientific workflows
- Ensure reproducible simulation results
- Signed and check-summed container image enhanced with meta-data about
the software configuration
- Archivable container images containing everything to reproduce results
- Investigate long-term archival to meet regulations in safety-critical research
areas
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Container technology: Singularity i
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Singularity'

- Linux container technology, compatible to Docker images
- HPC-enabled by using regular schedulers (single executable)
- Easy to use, flexible workflows, image mobility

- Cryptographically signed immutable images (optional)

Q\
\S)

"http://singularity.1lbl.gov
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larity definition file (recipe)?

1 Bootstrap: docker

2 From: ubuntu

3

4 %help

5 Help me. I'm in the container.
6

7 %post

8 apt-get update

9 apt-get install -y tool_x
10

11 %runscript

12 exec tool_x "$@"

2Singularity defintion file syntax:
https://www.sylabs.io/guides/2.6/user-guide/container_recipes.html
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Container generation: building image
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Turn the definition into an image:

1 sudo singularity build example.simg example.def

This creates the container image example.simg
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hpc-container-maker [3] by NVidia®

- Generates container definitions from a high level Python recipe
- Contains a library of HPC building blocks
- Recipes become programable, e.g. generate multiple variations

- Creates Singularity and Docker definitions

*https://github.com/NVIDIA/hpc-container-maker
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Listing 2: basic.py - Install GNU compiler on Ubuntu

1 StageO.baseimage('ubuntu:16.04"')
2 Stage® += packages(ospackages=['gcc', 'g++', 'gfortran'l])

Listing 3: Generate Singularity definition and build image

1 hpccm --recipe basic.py --format singularity > basic.def
2 sudo singularity build basic.simg basic.def
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ogs-container-maker* builds upon hpc-container-maker and provides

- Building blocks for OGS requirements (e.g. VTK, PETSc)

- A parameterized combinatorial recipe for building OGS and all its
requirements

- Scripts for building common OGS configurations

“https://github.com/ufz/ogs-container-maker
1/
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Listing 4: Co

1 All combinations of the given options will be generated

2

3 --format [{docker,singularity} [{docker,singularity} ...]]

4 --pm [{system,conan} [{system,conan} ...]]

5 Package manager to install third-party dependencies
6 (default: ['conan'])

7 --ompi [OMPI [OMPI ...]]

8 OpenMPI version, e.g. 2.1.1, 2.1.5, 3.0.1, 3.1.2

9 (default: ['off'])

10 --ogs [0GS [0GS ...]]

n 0GS GitHub repo in the form 'user/repoabranch' or
12 'off' to disable 0GS building (default:

13 ['ufz/ogsamaster'])

14 --cmake_args [CMAKE_ARGS [CMAKE_ARGS ...1]

15 CMake argument sets have to be quoted and **mustx*
16 start with a space. e.g. --cmake_args ' -DFIRST=TRUE
17 -DFO0=BAR' ' -DSECOND=TRUE' (default: [''])
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Listing 5: Build options

1  --build, -B Build the images from the definition files (default:
2 False)

3  --upload, -U Upload Docker image to registry (default: False)

4  --registry REGISTRY The docker registry the image is tagged and uploaded
5 to. (default: registry.opengeosys.org/ogs/ogs)

6 --convert, -C Convert Docker image to Singularity image (default:
7 False)

8 --runtime-only, -R Generate multi-stage Dockerfiles for small runtime
9 images (default: False)

ogs-container-maker: create and run OGS within portable Linux container, Lars Bilke 13/21



. . ﬁ HELMHOLTZ
ogs-contal ner-maker: options ENVIRONMENTAL

RESEARCH - UFZ

1 --base_image BASE_IMAGE

2 The base image. 'centos:7' is supported too. (default:
3 ubuntu:17.10)

4  --clang Use clang instead of gcc (default: False)

5 --gui Builds the GUI (Data Explorer) (default: False)

6 --docs Setup documentation requirements (Doxygen) (default:
7 False)
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Available at jenkins.opengeosys.org/job/ufz/job/
ogs-container-maker/job/master/build

- User defined container image generation

- Specified OGS configurations are bundled into images
- Image is generated by Jenkins
- Generated images are temporarily archived on Jenkins for easy access

() Build #140 (Mar 24, 2019 12:11:02 PM)
Started 1 day 0 hr ago

[#add description Took 14 min

o Build Artifacts

Dockerfile 11.46 KB &
) B

[ ubuntu_17.10-0gs-fe4be7ae-openmpi-3.1.2-system-dev.sif 305.80 MB &

<.
@
=

<.
@
=
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Container maker service on Jenkins
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098 ufz/ogs@master

Build OGS in container (Github user/repo@branch)

format
orma docker

Container format, e.g.: docker singularity
openmpi_versions
penmpt 312

OpenMP versions, e.g.: off 2.1.22.1.53.0.1 3.1.2, .

pm system
Package manager to install third-party libs, e.g. system conan
cmake
CMake args, have to be quoted and must start a space e.g. " -DFOO=BAR"
convert
Convert docker image to Singularity?
runtime
Create a runtime only image (contains just the built binaries and runtime dependencies)
deploy

Deploy Singularity images.
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OpenGeoSys Books  Releases Docs  Discourse Q

!

Here you can find the latest version of OpenGeoSys. But be warned: although this version was successfully tested by the contin
integration system it may be unstable or incomplete.

2 Latest development version

Downloads for the current development version of OpenGeoSys can be found on our continuous integration system:

> Latest successful Jenkins Build with Downloads

¢+ Current Release: OpenGeoSys 6.2.0 &

Released on Wednesday, Mar 20, 2019, ©) GitHub release

& Windows & mac0s

 OpenGeoSys + DataExplorer + Utilties * OpenGeoSys + DataExplorer + Utilities
« OpenGeoSys ( with Python bindings #) + DataExplorer + Utilties

A Linux [ Singularity container
* OpenGeoSys + Utllties o ogs6.2.0-serialsif —
« OpenGeoSys + DataExplorer + Utilties « 0gs-6.2.0-openmpi-2.1.2:sif
« OpenGeoSys (with Python bindings #) + Utilties © 0gs-6.2.0-openmpi-3.1.2if
« OpenGeoSys (with Python bindings #) + + Utilties
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1  singularity exec ogs-6.2.0-serial.sif ogs some/path/project.prj

- Starts a container,
- mounts home directory inside the container,
- passes current working directory,

- runs OGS exe with passed project file.
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1 # Run serial benchmark with output validation (via vtkdiff)

2 singularity exec o0gs-6.2.0-serial.sif ogs -o _out -r [ogs-sources]/Tests/Data/Mechanics/Linear [ogs-sources]/
Tests/Data/Mechanics/Linear/disc_with_hole.prj

3 # Run parallel benchmark with MPI

4  mpirun -np 4 singularity exec o0gs-6.2.0-openmpi-2.1.2.sif ogs -o _out_mpi [ogs-sources]/Tests/Data/Mechanics/

Linear/disc_with_hole.prj
# Run other contained executables, e.g. vtkdiff
singularity exec o0gs-6.2.0-serial.sif vtkdiff --help

# Shell into container

singularity shell ogs-6.2.0-serial.sif

10 # List files in the container

11 Singularity ogs-6.2.0-serial.sif:...> 1ls /usr/local/ogs/bin
12 ... ogs tetgen vtkdiff

13 # Exit the container and get back to your hosts shell

14 Singularity ogs-6.2.0-serial.sif:...> exit
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- Check MPI compatibility (versions, host vs. container) on HPC environments
- Utilize multi-application / -configuration container with SCIF [4]

- Conduct HPC simulations on multiple environments

- Implement signing of containers

- Implement user feature requests ...

ogs-container-maker: create and run OGS within portable Linux container, Lars Bilke 20/21



ﬁ HELMHOLTZ

Conclussions
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- Encapsulate OGS with all development and/or runtime dependencies in a
single file (+ data)

- Use ogs-container-maker to generate arbitrary container definitions
- Use the Jenkins interface to generate container images

- Build the container once, run everywhere?

- Download prebuilt container: opengeosys.org/releases
- ogs-container-maker: github.com/ufz/ogs-container-maker

>..has to be proven...
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Thank you!
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