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ABSTRACT

Scientific research has always struggled with problems related to
reproducibility caused in part by low data sharing rates and lack of
provenance. Credibility of the research hypothesis comes into ques-
tion when results cannot be replicated. While the growing amount
of data and widespread use of computational code in research has
been pushing scientific breakthroughs, their references in scientific
publications is insufficient from a reproducibility perspective.

The NSF funded Open Science Chain (OSC) is a cyberinfras-
tructure platform built using blockchain technologies that enables
researchers to efficiently validate the authenticity of published data,
track their provenance and view lineage. It does this by leveraging
blockchain technology to securely store metadata and verification
information about research data and track changes to that data in
an auditable manner.

In this poster we introduce the concept of "research workflows",
a tool that allows researchers to create a detailed workflow of
their scientific experiment, linking specific data and computational
code used in their published results in order to enable independent
verification of the analysis. OSC research workflows will allow for
detailed provenance tracking both within the OSC platform as well
as external repositories like Github, thereby enabling transparency
and fostering trust in the scientific process.

CCS CONCEPTS

« Information systems — Data provenance; Integrity checking.
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1 INTRODUCTION

The credibility of research findings are compromised when results
from the study cannot be replicated. Reproducibility is increas-
ingly becoming a problem in multidisciplinary research with the
emergence of big data, more complex computational methods and
technologies [1]. According to recent study [3], many published
Computer Science research hypotheses were not replicable within
the context of the referenced computational code. Out of the 613
articles published in 13 top-tier systems research conference pub-
lications, the study found that only 25% of the results from the
articles are replicable due to various reasons including modified
data or unavailable data. Independent verification of scientific hy-
potheses is critical for the advancement of research, especially with
the growing use of data and computation to achieve these results.

2 OPEN SCIENCE CHAIN

While there are several research data sharing repositories (e.g.
figshare, Dryad Digital Repository) that focus on making research
data available, they lack the ability to securely track lineage and
authenticity in an immutable manner. The National Science Foun-
dation funded Open Science Chain (OSC) is building a cyberin-
frastructure platform, using consortium blockchain technologies,
with the goal of enabling a broad set of researchers to efficiently
share, verify and validate the authenticity of scientific data while
preserving the provenance.

The OSC cyberinfrastructure comprises a consortium blockchain
platform implemented using the open source Hyperledger Fabric
framework, middleware services for interacting with the platform
and a web portal that lowers the complexity barrier for researchers
to utilize the system [10]. Researchers register verification informa-
tion (eg. SHA256 hash) and additional metadata information about
the data in the OSC blockchain. The actual data itself is stored
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ol-chain. Storing only the metadata and veriXcation information
of the dataset in the blockchain is more practical and eX cient in
an era of Big Data. It also enables researchers to share veriXcation
information for sensitive datasets that cannot be shared publicly
due to privacy restrictions or licensing reasons. When updates are
m de to a dataset or data collection in OSC, all metadata changes
including the SHA256 hashes for each and every Xle in that data
collection are tracked in the blockchain, enabling users to view a
d tailed immutable history of that dataset over time.

3 RESEARCH WORKFLOWS

While registering data with OSC can provide immutable prove-
nance tracking for a digital object, scientic experiments typically
involve a combination of algorithms or computational code, raw
data and derived products. In several cases researchers make use
of data and code owned and maintained by other providers and
which is maintained and updated external to OSC. Computational
code is increasingly used in data transformation, processing, inte-
gration and analysis including modelling or visualization. This is
consistent across popular science gateways like the NSF funded
OpenTp ography [9] and the NSF/NIH funded Neuroscience gate-
way [5] and others where users are guided through a structured
scienti¥c wo kXow th t involves applying one or more algoritin s
to a dataset to produce a derived product or result. In some cases,
the original dataset can be updated (e.g. spatial dataset undergoes
a p ojection change or data gets corrected) or the algorithm itself
gets updated which can produce results that diXer from the original
scienti¥c experiment.

Research workKows in OSC will provide researchers the abil-
ity to create a detailed workXow linking data and computational
code metadata along with additional documentation detailing the
experiment (e.g. dependencies, parameters) and store it in the OSC
blockchain to enable independent reproducibility of their scientiXc
experiments. OSC research workXows can help independent re-
searchers reproduce the original scientiXc experiment by explicitly
referring to specilc instances or versions of the data or compu-
tation code used along with a detailed narrative to understand
the experiment. Research workXows also have the ability to no-
tify the original creator of the workMow if the referenced data or
computational code undergoes changes or updates.

Computational code is typically maintained and distributed via
multiple diverse platforms with versioning capability like the pop-
ular repository hosting service GitHub. Scientic datasets can be
deposited for wider distribution in various funding agencies recom-
mended domain specillc data sharing repositories [6] [4]. For this
reason, OSC research workMows tool was designed with the capa-
bility to link data and computational code from not just OSC but
other external third party data and code repositories like GitHub,
etc. We are in the process of enabling additional third pat y code
and data repositories (e.g. Bgshare) integrations in the ® C research
workNows.

3.1 Use Case

A researcher is working with pre and post event lidar data of 2016
Mw 7.0 K mamoto, Japan, earthquake, which ruptured 40 km of
the Futagawa-Hinagu Fault Zone on Kyushu Island available from
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OpenTopography [8] [7]. Both of these OpenTopography datasets
are registered with the ® C platform. The researcher then proceeds
to use a windowed implementation of the Iterative Closest Point
(ICP) algorithm [2] to calculate the 3-D surface deformation pro-
duced by the earthquake using a code available via GitHub and
uses the results of these analysis to produce a hypothesis. In or-
der to ensure that the results of the analysis are transparent and
more importantly reproducible, the researcher has the ability to
create a scienti¥c workMow in OSC for this experiment, linking
the specillc versions of the OpenTopography datasets used along
with the location of the GitHub repository hosting the Iterative
Closest Point algorithm code. The OSC scientic workKow will
pull metadata for th t GitHub repository and maintain a reference
to that speci¥c version of the code. The researcher also has the
ability to provide additional details including spatial extents and
other algorithm parameters used to enable others to replicate the
experiment. A complete representation of this scienti¥c workMow
is shown in Ngure 1.

Scientific Workflow

Title: 3D surface displacement caused by the 2016 Japan M7 Kumamoto earthquake

Description: The analysis of 3 dimensional surface displacement cased by the 2016 Je

two datasets from OpenTopography - the Pre-Kumamoto Earthquake (16 April 2016) Ruy

(https://doi.org/10.5069/GOXP7303) and the Post-Kumamoto Earthquake (16 April 2016)

https://doi.org/10.5069/G9SX6BAT. Spatial region of surface displacement was -16030.9

-15031.150421 (Xmax) and -23648.113617 (Ymax). The 3-D surface deformation produc

windowed implementation of the lterative Closest Point (ICP) algorithm available via Gitk

ID: osc-28e76268-5f2f-4e25-badc-b9264807bab3

Contributor: viswanat@sdsc.edu

OSC Data:

e Pre-Kumamoto Earthquake (16 April 2016) Rupture Lidar Scan
Description The 16 April 2016 M7 Kumamoto earthguake ruptured the Futagawa-

southwestern Japan. The lidar dataset collected by Air Survey Co., L
rupture zone. The acquisition of the imagery closely brackets the timi
dataset was acquired on 15 April 2016 and the post-earthquake data

e Post-Kumamoto Earthquake (16 April 2016) Rupture Lidar Scan
Description The 16 April 2016 M7 Kurnamoto earthquake ruptured the Futagawa-
southwestern Japan. The lidar dataset collected by Air Survey Co., L
rupture zone. The acquisition of the imagery closely brackets the timi
dataset was acquired on 15 April 2016 and the post-earthquake data

GitHub Repositories:
o https://github.com/symao/libicp
Description C++ Library for lterative Closest Point fitting. http:/fwww.cvlibs.net/so
plane icp implementation. Add a robust threshald to improve the pre
Git Hash 5b9784ed08i63fa607e6e8462418e0{340929324

Contents ChMakelists txt 798f302a743932b610ff843300e40018bdebabed
README.TXT b765f346792f6b586294532d655h13182c8202d5
Ssrc Ofcb9ab716feacb5cb71845b1¢081aef30dd2iéb

Figure 1: Sample research workflow for 3D surface displace-
ment modelling caused by the 2016 Japan M7 Kumamoto
earthquake
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Additionally if there is an update to any of the two datasets or
there is a new push to the ICP GitHub repository, the researcher
who created the research workflow will be notified. The researcher
can optionally update the workflow and all changes are securely
tracked in the OSC blockchain, thereby providing a provenance trail
to the workflow itself. Other researchers reviewing this workflow
will also be made aware if any digital entity referenced in the
scientific workflow has newer versions or have been updated.

4 SUMMARY

Preserving detailed linkages to specific instances of data and algo-
rithms in scientific experiments especially those used in publica-
tions is vital to ensure reproducibility and integrity of the hypothe-
sis. The research workflows capability in the Open Science Chain
platform provides an efficient and secure solution for researchers
to enable reproducibility and transparency to their scientific exper-
iments.
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