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Today’s research projects do not only rely on computer assisted methodology and digital
resources, but increasingly devote significant resources into creating new digital resources
and methods.
A pillar of the scientific work is the reproducibility of published results. For computational
methods it is often difficult or even impossible to recreate the exact same software stack of
the published results [1]. More and more journals require to provide source code and other
computational resources as additional material to publish a paper [2].
CiTAR1 - Citing and Archiving Research, a 3 year Baden-Württemberg state project, is
developing infrastructure to support computer assisted research. A major outcome of the
project are means to publish, cite and provide long-term access to virtual research
environments e.g. form of virtual machines and scientific processes in form of containers.
Virtual research environments or similar public facing services are typical outcomes of
research projects. Their long-term availability and accessibility is however an open question.
The costs for maintaining a server and/or software after the end of a project are usually not
covered, especially if these projects are only of interest for a small and specialized research
community. Leaving an unmaintained, outdated machine connected to the internet poses a
latent and increasing security risk.
As part of this process, a CiTAR publisher is able to upload an image (e.g. a VM) which is
then in a fully automated process analyzed and technically normalized, to ensure future
compatibility with emulation or virtualization infrastructure and thus ensure long-term
preservation options [3].
Published, archived and in particular citable research environment imply long-term access.
Hence the second challenge of the CiTAR project was efficient and secure access to the
archived machine. As this machine has been archived to remain in its original state, a
(permanent) internet connection could be harmful. Furthermore, most of these machines
target small groups and won’t be accessed that often. We addressed this problem set by
on-demand, cloud-based provisioning, i.e. a visitor of the respective landing page initiates
the startup of the instance. In order to provide (secure) network access [4].
Furthermore, container technology has been quickly adopted as a tool to encapsulate and
share complex software setups, e.g. in the domain of computational science. With growing
significance of this class of complex digital objects their longevity is also of growing
importance. We have analysed a container’s long-term preservation risks [5] and have
developed a normalization process to unify container’s to single homogenous class of digital
objects. Based on this, we have implemented an emulation-based preservation strategy -converting them into a generic archival representation and providing a generic runtime
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environment -- as well as necessary workflows to maintain access to software-based
research methods.
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