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Abstract: As the importance of data in today’s research in-
creases, the effective management of research data is of
central interest for reproducibility. Research is often con-
ducted in large interdisciplinary consortia that collabora-
tively collect and analyse such data. This raises the need
of intra-consortia data sharing. In this article, we pro-
pose the use of data management platforms to facilitate
this exchange among research partners. Based on the ex-
periences of a large research project, we customized the
CKAN software to satisfy these needs for intra-consortia
data sharing.
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Management
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1 Introduction

As the importance of data in research increases, the ef-
fective management of research data is of central inter-
est [34]. This affects the personal work of researchers (cf.
Federer et al. [32]) and creates demand for effective tools
for management of research data during everyday tasks.
Various research data management platforms are avail-
able; see [26] for a review. However, such platforms of-
ten focus on the publication and archiving of research
data, which is typically done at the end of the research
project. The management of research data during research
projects, however, requires a different approach with an
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initial focus on intra-consortia sharing, versioning, and
usability. Due to the lack of platforms for intra-consortia
data management, researchers have no reliable way of
sharing data during the actual research process and must
spend a significant amount of time documenting and cu-
rating data at the end. This documentation is often infor-
mal, and metadata is only available in accompanying doc-
uments of varying formats. When it comes to interdisci-
plinary research projects, where researchers from differ-
ent groups rely on mutual data, additional problems arise.
For example, data is often shared via email, cloud storage,
or other “easy-to-use” solutions. This has several draw-
backs with respect to documentation and versioning. It
is, for instance, often unclear whether all project partners
have access to information about recent changes. Often
old versions are deleted, which makes research irrepro-
ducible.

In this article, we propose the use of a research
data management platform for intra-consortia research
data management. The term “intra-consortia sharing” de-
scribes the provision of research data among research
partners.

In the following, we show that intra-consortia data
sharing raises additional requirements to the platform
which are often not satisfied by platforms tailored for long-
term preservation. Based on an example—the Collabora-
tive Research Centre 1270 ELAINE [8], a large interdisci-
plinary research project with researchers from the dis-
ciplines of biomedicine and engineering—we show how
these requirements can be addressed. As a result of our
experience, we show how the CKAN data platform [1] can
be customised and extended in order to serve as intra-
consortia data sharing platform.

First, we analyse the requirements of data sharing
platforms in Section 2. Then, we discuss software tools
with respect to these requirements in Section 3 and present
our implementation in Section 4. Finally, we discuss po-
tential drawbacks and future work for intra-consortia re-
search data sharing platforms in Section 5.

2 Requirements

Current data repository software options have already
been compared with respect to their technical aspects by
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Amorim et al. [26]; however, this work mainly focused
on publication and long-term preservation of research
data. Here, we concentrate on intra-consortia data sharing
within a large interdisciplinary and collaborative research
group during the research process.

2.1 General requirements

Winn [44] summarized the results of a requirements-
gathering exercise that was part of a research data man-
agement workshop in the UK. Supporting these require-
ments, we highlight and differentiate the key aspects for
sharing data during the research.

2.1.1 Intra-consortia data sharing

Intra-consortia research data sharing is the most impor-
tant requirement of collaborative research projects. Re-
search partners should be able to share data as soon
as possible after it is collected. However, documenta-
tion and curation of research data is required in order to
provide high-quality datasets for publication. Addition-
ally, privacy aspects potentially prohibit public data shar-
ing.

In large collaborative research projects, it is likely that
not all project partners are located near to each other, re-
quiring solutions that enable location-independent shar-
ing. Furthermore, it is essential that data permissions
can be adjusted, since the members of the working
group may change over the course of the research pro-
cess.

2.1.2 Versioning

Data versioning is a central goal in research data man-
agement, as it documents data processing and speci-
fies the exact data that are used for scientific investiga-
tions. Dataset modifications can be of different nature:
1. Datasets are extended over time, e. g., with iterative data
collection; 2. Data is pre-processed, e.g., outliers are re-
moved; and 3. Datasets are curated, e. g., researchers im-
prove documentation or metadata. Tracking the develop-
ment of data is important for traceability and reproducibil-
ity [38]. Additionally, it is important that researchers can
both: document which version of a dataset they use and
also have fast access to that dataset. Furthermore, new
versions of the dataset should be shared using the same
method as for earlier versions.
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2.1.3 Provenance

Provenance of data—documentation about how the data
was generated—is essential for its credibility and (re-)us-
ability. How data was collected and pre-processed is of par-
ticular interest when analysing the data. This is not limited
to software and hardware—the workflow employed by re-
searchers is also important. Thus, a key requirement for
intra-consortia data repositories is to document changes
to research data. Additionally, the platform should facili-
tate the curation of data with additional information and
metadata. The access via programming interfaces allows
further provision of provenance information about the re-
search process (see e. g., [31]).

2.1.4 Compatibility with existing infrastructure

Compatibility with existing infrastructure is crucial for all
institutional services. Important considerations when in-
tegrating a new platform with such services include: 1. use
of central authentication mechanisms, 2. use of computing
resources of the data centre including backup and security
mechanisms, and 3. availability of an API to integrate with
existing services.

Country-specific laws and practices have to be sat-
isfied alongside institutional policies. Depending on the
particular consortia and, thus, depending on the corre-
sponding countries, data protection mechanisms can be
very different [30]. Though the General Data Protection
Regulations (GDPR) aim at harmonising these differences,
consortia with partners outside of the EU still face these
problems.

2.2 ELAINE-specific requirements

The Collaborative Research Centre (CRC) 1270 ELAINE is a
large interdisciplinary collaborative research project with
a focus on electrically active implants. In particular, it con-
centrates on novel electrically autonomous implant solu-
tions that electrically stimulate bone, cartilage, and the
brain. Researchers from medicine and biology, electrical
and mechanical engineering, material and computer sci-
ences, and physics are involved, resulting in high interdis-
ciplinarity.

Research in the CRC 1270 ELAINE includes computa-
tional simulations as well as wetlab experiments. Further-
more, the types, sizes, and formats of the data collected,
curated, and analysed within these experiments are het-
erogeneous. However, frequent collaboration between dis-
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Figure 1: Overview of the interaction between computational simulation and wetlab investigations. Data collected during wetlab experi-
ments are used to create, calibrate, and validate simulation models. Prediction from the validated simulation models are then used to es-
tablish further research hypotheses to be proved in wetlab experiments.

ciplines requires homogeneous solutions to enable all re-

searchers to share their data. A typical research workflow

is as follows:

1. Data from wetlab experiments are collected and pro-
vided to research partners;

2. A bio-medical simulation model is created using wet-
lab data;

3. Computational simulations are performed to investi-
gate systems behaviour; and

4. The simulation results and findings are employed to
improve and refine the wetlab investigations again.

An illustration of this workflow with respect to the data
generated and used is depicted in Figure 1.

2.2.1 Data interview concept

In order to assess the actual requirements of the partici-
pating researchers with respect to research data manage-
ment, we conducted semi-structured data interviews [29]
in representative groups of the CRC 1270 ELAINE. For this
purpose, we developed and used guidelines for data inter-
views [36]. The objective of the data interviews was to gain
an overview of how different steps of the data lifecycle are
implemented within the different research groups. They
included questions concerning typical research topics, ex-
periences in publication, and archiving of research data.
Furthermore, they included questions about the types and
amounts of research data that are typically produced. In
order to cover both a broad overview of the entire re-
search group with respect to general processes in the re-
search field, but also problem-specific experiences and
best practices, the project leader and another experienced

researcher were surveyed in each interview. The data in-
terview, then, was done as conversation that was guided
by the questionnaire.

2.2.2 Results of the data interviews

In all, eleven interviews were conducted, each of them
with a duration of approximately two hours. These inter-
views were considered a sufficient sample as they repre-
sent the majority of the participating disciplines.

With respect to the initially introduced breakdown
into simulation- and experiment-based research groups,
the following distribution was identified. Five research
groups collect their data by experiments only (all of
them were from the biomedical sciences), while two re-
search groups use simulations that rely on data from other
groups. The remaining four research groups do simula-
tions based on data that were collected through exper-
iments within their own group, but enhance their data
with data from other groups. During the interviews, we
found that the researchers had varying levels of experi-
ence with research data management tools and practices.
This also included different levels of awareness about
the necessity of good documentation when research data
is shared with collaborators. We found that email, mo-
bile, and cloud storage are predominant media for the
internal sharing of datasets. This is in line with the ex-
periences described by Aldridge et al. [25], but prevents
key aspects of research data management such as ver-
sioning and provenance (see Section 2.1). Most of the re-
searchers have no experience in publishing data beyond
necessary supplements, but in contrast have significant
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experience in sharing data with collaborators within re-

search projects.

With respect to the research data being maintained,
the predominant types of digital research data are:
Measurement data includes results from biomedical

and engineering experiments. These data are often
maintained in a table-like structure and thus formats
like CSV or Microsoft Excel are employed. While the
layout of such tables is heterogeneous, the size of such
data is typically negligible when it comes to storage
size requirements.

2D images generated from microscopes typically pro-
duce files in TIFF format with a size of several MB,
which is a handy size for data management. When it
comes to image series, however, which for instance re-
construct the proliferation of individual cells, the size
massively increases to several 100 MB to GB.

3D image data from medical imaging like CT or MRI are
used as basis for 3D models. While only a few standard
formats such as NifTI and DICOM exist for biomed-
ical imaging, there are many formats available for
representing the resulting 3D models. Here, the pre-
dominant format is STL, but proprietary formats for
commercial modelling and simulation frameworks are
also used. The size of 3D image data ranges from sev-
eral MB to several GB.

Source code is produced in different tasks, ranging from
the description of simulation models, algorithms, and
workflows to scripts for statistical data analysis. This
includes a wide range of general purpose program-
ming languages such as R, Python, and Matlab as well
as domain-specific languages.

Simulation models typically consist of both 3D image
data and source code that are extended by program-
specific configurations for the simulation. The results
of the simulation are stored in different formats, rang-
ing from plain tables (e. g., CSV) to complex and struc-
tured data e. g., VTK, HDF5 or XML with different stor-
age requirements ranging from KB to TB. While inter-
mediate simulation results easily reach sizes of several
TB, in practice, the size is reduced before the analysis
and it is usually not necessary to retain the original
simulation result.

2.2.3 Summary

The results of the data interviews show that there is a
pressing need for new intra-consortia data-sharing plat-
forms, as current methods are neither traceable nor se-
cure. Furthermore, besides the initially stated require-
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ments, a homogeneous set of data types is employed.
While some of them are documented by the devices that
created the data (e.g., 3D imaging), most research data
needs additional documentation in order to be (re-)used.
With respect to the actual size of the research data, we
found a range from small files (KB) to large files of sev-
eral GB. Finally, we derive two additional requirements:
the ability to work with large files and increased usability
through the support of particular file types.

3 Related work

The number of tools available for research data man-
agement has increased as researchers have become more
aware of the need for them. However, their features dif-
fer dramatically. The technical aspects of repository soft-
ware have already been analysed by Amorim et al. [26]; we
focus our analysis on the support of intra-consortia shar-
ing within collaborative and interdisciplinary research in-
vestigations. Specifically, we discuss the requirements in-
troduced in the previous section. We distinguish between
code and data (see [35] for differences) when it comes
to intra-consortia sharing, as software development has
yielded sophisticated tools like version control systems
which can easily be set up for projects. In the following,
we analyse conventional methods of data sharing.

3.1 Conventional data sharing

Though research data management best practices have
long been proposed (see for instance [27, 33, 43, 28]), they
have not been adopted in practice. With respect to intra-
consortia data sharing, we observed the following data-
sharing methods: 1. attachments to e-mails, 2. flash-drives
and external HDDs, 3. cloud storage, and 4. shared direc-
tories. All of these solutions suffer from major drawbacks
when it comes to meeting the requirements of research
data management, which are summarized in Table 1.
While e-mail attachments are an easy way to share data
with research partners, it is not possible to revoke permis-
sions once provided. Updating the data to a new version
requires informing research partners and re-distributing
data, but changes are typically neither tracked nor docu-
mented within the e-mail. As e-mail attachments are re-
stricted in size, researchers often switch to mobile or cloud
storage, both of which allow large file handling, but do
not require documentation of changes between versions.
While mobile storage requires a redistribution of the data
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Table 1: Sharing corresponds to Intra-consortia Sharing; Infrastructure corresponds to Compatibility with Existing Infrastructure. @ repre-
sents unsatisfied requirements; @ represents partially unsatisfied requirements.

Method

Sharing  Versioning Provenance Infrastructure Large Files

e-mail
flash-drive
cloud storage
shared directory

general repository software

electronic laboratory notebooks
general project management platforms
version control systems

e
e

e
e

00o0O
0000

o
000
00

in case of changes, cloud storage automatically synchro-
nises the data while overwriting older versions. Addition-
ally, mobile storage suffers from security issues (for exam-
ple, if a researcher loses the storage device) and data pro-
tection laws often prevent the usage of cloud services such
as Google Drive or Dropbox. Institutional storage is often
bound to shared directories, which neither track nor doc-
ument changes. Versioning is here often implemented by
hierarchies of folders.

3.2 Research data management platforms

Public services for data publication such as Zenodo [24]
and figshare [9] as well as public research data manage-
ment services such as the Open Science Framework [14]
are not suitable for the use of intra-consortia data sharing.
Researchers often want to keep their data inside the in-
stitution (cf. Tenopir et al. [42]), and country-specific data
protection laws often prevent the upload of research data
to third-party services. Thus, local instances that provide
this functionality must be deployed. Many software tools
have been developed that aim at supporting (research)
data publication and management. These can be catego-
rized into:

1. general repository software such as CKAN [1], Data-
verse [2], and DSpace [5];

2. electronic laboratory notebooks such as elabFTW [6],
RSpace [19], and openBIS [12];

3. general project management platforms such as Red-
mine [18], OpenProject [13], and Microsoft Sharepoint
[20]; and

4. version control systems such as SVN [21] and GIT [10].

Many repository tools are aimed at data publication and
are often not specifically tailored to internal sharing. Data-
verse, for instance, enables the maintenance of private
drafts of a dataset, but versioning is limited to published

datasets. The core functionality of CKAN does not allow
private sharing of datasets with other users, as its main
purpose is the provision of open data. DSpace, in combina-
tion with the CRIS extension, provides many required fea-
tures for intra-consortia sharing. However, as DSpace pro-
vides much more functionality, the user interface is rather
complex which affects usability.

Electronic lab notebooks often facilitate the upload
of data as a supplement to lab protocols and share the
data with research partners. However, electronic labo-
ratory notebooks are specifically tailored for document-
ing research experiments and do not address researchers
from computational sciences. Furthermore, file version-
ing and curation with metadata is often not supported.
Provenance tracking, instead, can potentially be better in-
tegrated inside ELN solutions as the protocols document
the experiment producing the data.

General project management software often supports
uploading files or the integration of version control sys-
tems such as GIT and SVN. Version control systems (VCS)
are aimed at the textual tracking of differences between
files. This method does not translate well to large images
or other binary formats, as only the binary changes are
recorded. Furthermore, dataset curation and documenta-
tion is not facilitated in such systems. Although there ex-
ist VCS management systems like gitlab that provide addi-
tional functionality like wiki and issue tracking, their use
requires extra effort from researchers.

4 CRC1270 ELAINE DataHub

The CRC 1270 ELAINE DataHub is an instance of the open
source repository software CKAN with several extensions.
Here, we introduce the CKAN software and its underly-
ing concepts. Afterwards, we highlight the versioning that
is currently supported in the DataHub followed by cus-
tom extensions that were developed and installed. Finally,
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Figure 2: Screenshot of the graphical web interface displaying a
dataset within the CRC 1270 ELAINE Datahub.

we briefly discuss the implementation of the production
setup.

4.1 CKAN

CKAN is a web-based open-source software repository that
enables users to share datasets along with metadata. The
main strength of CKAN is its rich programming interface,
which is provided alongside a graphical web interface (see
Figure 2). When it comes to metadata, CKAN is very flex-
ible: the minimal required set is very small but can be
subsequently enriched with further information. Together
with the DCAT-extension [3], CKAN provides support for
linked data. In general, the CKAN core provides very fo-
cused functionality that can be extended by plugins, of
which a large number exist.

4.2 Intra-consortia sharing

CKAN’s core functionality aims at making data publicly
available. However, by employing an adjusted version
of the PrivateDatasets-extension [17], we enabled private
data sharing. The extension provides the ability to make
a dataset private and to configure a list of the users that
are allowed to access the dataset. Furthermore, we em-
ploy the CKAN core functionality of defining organisa-
tions to enable all researchers within the same organi-
sation to read and modify the datasets of the organisa-
tion. This can be used either to configure project-based or
working-group-based sharing by default; we opted for the
former.

# Organizations ELAINE INF  Datafor: ALiteralure... Changes  7d3a7182-4ba3-4611-9b88-a81

Changes
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Figure 3: Comparison of two versions of a dataset within the CRC
1270 ELAINE DataHub displaying that the description has been
changed and a new file has been added.

4.3 Versioning

We developed a versioning mechanism for CKAN to track
changes to datasets and metadata and provide detailed
summaries about such changes. Whenever a user updates
adataset, CKAN maintains information about the changes.
This information is then analysed by comparing consecu-
tive entries in the change log and provided via API and user
interface. Figure 3 contains an example of this compari-
son. Our versioning mechanism handles new file uploads
and changes to all default resource and dataset metadata
fields, as well as changes to custom metadata fields and
changes to fields associated with extensions.

4.4 Preview extensions

Visual exploration of research data without installing spe-
cialised software tools increases usability. The CKAN core,
as well as several extensions, already provide preview
functionality for a number of resource formats, such as
measurement data, textual data, and PDF files. Based on
our data interviews (Section 2.2.2), we identified the need
for two additional resource formats: 2D and 3D medical im-
ages as well as simulation models.

Viewer for medical images

The Papaya Viewer extension is based on the open-source
Papaya JavaScript framework [15]. It facilitates the preview
of DICOM and NifTI files, two of the most common medi-
cal imaging file formats, which are frequently used within
the CRC 1270 ELAINE. When a user navigates to such a re-
source within the DataHub, the extension automatically
loads the desired file and displays an interactive preview
which is completely rendered on the client side. Users can
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Figure 4: A DICOM file displayed by the Viewer extension. (Source of
displayed example: https://www.dicomlibrary.com/).

explore 3D images and step through time series files within
the preview. Figure 4 shows a DICOM file displayed by our
extension.

Viewer for 3D models and simulations

The VTK.js Viewer extension is based on the open-source
VTK.js JavaScript framework [23] by Kitware, Inc and pro-
vides previews of STL, OBJ, and some VTK file formats.
Similarly to the Papaya Viewer extension, when a user nav-
igates to a supported resource in the DataHub, the exten-
sion will automatically render and display the desired file
or set of files in a preview embedded in a web page. Users
can interact with 3D models and simulations in the pre-
view. Figure 5 shows an STL file displayed by the exten-
sion.

4.5 Production setup

In companion to the extensions already presented in the

previous sections, we further integrate the following:

1. LDAP [11] and DisablePWReset [4] are used to enable
central authentication mechanisms;

2. PDFView [16] and VideoViewer [22] provide further
preview features for PDF and videos; and

3. ELAINETheme [7] is a custom theming of the CKAN in-
terface specific to the CRC 1270 ELAINE.

In order to provide easy setup and deployment, we employ
the Docker software to build a production environment of
this software stack. Docker is a containerisation solution
which, similar to virtual machines, enables encapsulation

‘ol 4 DataHub

# Organizations ELAINE A2  Data for: Establishment of... ~ Kortikalls_lochirel_smooth.sil

Kortikalis_lochfrei_smooth.stl

Embed

Figure 5: An STL file displayed by the VTK.js extension. (Source
of displayed example: http://purl.uni-rostock.de/rosdok/
id00002450).

of software inside portable and isolated environments [37].
Thus, by providing a specification of this container in a so-
called ‘Dockerfile’, the software can be built and run on
different hardware.

5 Discussion and conclusion

From our experience within the CRC 1270 ELAINE, re-
searchers are, in general, willing to publish their scien-
tific data as a supplement to an article, but are wary of the
additional effort required for documentation and mainte-
nance. Additionally, there are often concerns about pro-
viding the data to the public before the publication is ac-
cepted. We provide a workflow for researchers that enables
private sharing during the review process along with the
option of publishing the data. Making data available dur-
ing the review process is key to enable a thorough review,
and the barrier for researchers that are sceptical about
data publication is lowered. Further advantages over pub-
lication of data beforehand include: Researchers already
use our DataHub for documentation and data sharing dur-
ing projects and, thus, have a strong basis for documenta-
tion of the dataset at the time of publication. Furthermore,
they are able to integrate feedback from the review process
before publication of the data. The CRC 1270 ELAINE data
publication workflow is depicted in Figure 6 and was used
for the publication of Raben et al. [40].

In this paper, we analysed the requirements of intra-
consortia research data sharing in large collaborative and
interdisciplinary research projects based on experiences
from the CRC 1270 ELAINE. Starting with general require-
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Figure 6: CRC 1270 ELAINE workflow for the publication of research data by employing the CRC 1270 ELAINE DataHub. After scientific data
is produced by a simulation or wetlab experiment, the researcher uploads this raw data into the DataHub and shares it within the CRC.

A phase of improving the dataset by adding additional file formats, documentation, and curation follows. The dataset, afterwards, can be
shared privately with the reviewers by providing specialised access information in the paper draft. The reviewer comments are integrated
before finally the dataset is published inside a long-term preservation repository.

ments for intra-consortia data sharing platforms, we con-
ducted semi-structured data interviews in order to as-
sess the requirements of the particular research groups.
The CKAN software, including several extensions, has
been shown to satisfy many of the requirements for intra-
consortia data sharing in large collaborative and interdis-
ciplinary research projects such as the CRC 1270 ELAINE.
The main drawback of CKAN is that it does not yet provide
a versioning system for resources. Although researchers
can manually create new datasets and create relations
to indicate the specific version of the dataset, this raises
the burden on the researcher instead of the tool. Fur-
thermore, CKAN cannot easily cope with very large files
due to technical limitations of e.g., transmission pro-
tocols. A workaround is to use shared folders, but cre-
ate proxy datasets inside the platform with links to the
shared folder. This workaround is limited by keeping both
the shared folder and the proxy dataset up-to-date. How-
ever, compared to the use of cloud services, integration of
the CKAN into the operating system’s file explorer would
lower the burden for many researchers. Despite these cur-
rent limitations, we agree with Winn [44] that the func-
tionality of CKAN is a good starting point for research
data management repositories for many projects. Further-
more, a key aspect for improving (re-)usability of datasets
(cf. Wilkinson et al. [43]), the semantic integration into
Linked (Open) Data, can be performed by employing the
DCAT extension [3]. This extension enables integration
with other Linked Data knowledge resources [39] to find
and reason about novel coherences. While this is an impor-
tant step towards high quality research data, researchers
first have to provide datasets and sufficient documenta-
tion.

Future work includes the extension of the CRC 1270
ELAINE DataHub regarding the versioning of resources as
well as the development of further previews in order to
make the use of the software even more helpful for inter-
disciplinary projects.

The modifications and extensions of our CRC 1270
ELAINE Datahub are publicly available at Github: https:
//github.com/SFB-ELAINE. Furthermore, this platform in-
tegrates into the Virtual Research Environment concept of
the CRC 1270 ELAINE proposed by Schréder et al. [41].

Funding: Funded by the Deutsche Forschungsgemein-
schaft (DFG, German Research Foundation) — SFB 1270/1
- 299150580.
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