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» Neuroscience Gateway (NSG)

* Integration of NSG and Open Science Chain (OSC) — Using
the Neuro-Integrative Connectivity (NIC) tool for improving
Al readiness through provenance metadata
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The Neuroscience Gateway (NSG)

* Provides simple and secure access through portal and programmatic
services, to run neuroscience modeling and data processing software on
high performance, high throughput and accelerators compute resources

« Aplatform for neuroscience software dissemination

* http://www.nsgportal.org

* Free and open to any academic and non-profit researchers worldwide

NSG catalyzesand democratizes computational and data processing
neuroscience research and education for everybody including
researchers and students from underrepresented institutions
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NSG - Access and Software Dissemination
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NSG: Growth in Number of Users and Supercomputer-time Allocations

NSG Allocation since 2013
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NSG growth and impact in multiple dimensions

Multiple NSG training/workshops yearly since 2013: at SfN,
CNS, CogSci conferences, other

* Virtual and hybrid during the last few years

Special training for Hispanic Serving Institution teaching
faculties and their collaborators—in 2021 and 2022, Poster
at SfN with Prof. Elba Serrano, NMSU

NSG used in classroom teaching

Continuing since 2011 Research Experience for High School

* HPC, EEG data analyzed using EEGLAB, and modeling
using the NEURON software

Undergraduate studentinterns

HPC: High-performance computing
HTC: High-throughput computing

Cognitive/experimental neuroscience — mostly HTC

Computational neuroscience — mostly HPC
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Publications https://www.nsgportal.org/citation.htm;
(since 2013)

* Neuroscience publications, presentations, posters:238
(that we know of)

* Cyberinfrastructurerelated publications,
presentations, posters: 67

* Educational projects/publications (MS/PhD thesis) and
Training/workshops: 48
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Open Science Chain (OSC)

https://www.opensciencechain.org

* Uses a consortium blockchain to maintain integrity and provenance associated with
published datasets

* Independent verification of datasets while promoting reuse and reproducibility
* Implemented using the open-source Hyperledger Fabric Framework

 Stores the cryptographic hash of the data (e.g. SHA256 checksum) as a manifest in the
blockchain along with the metadata

e Actual data are not stored as a part of OSC (scientific data could be large)

* Generates an identifier for the information stored on the blockchain

e Uniquely ties together metadata elements such as contributor information, location of the data and
cryptographic hash of the data

* ‘append only’ structure prevents altering or deleting previously entered data
e Dataare therefore verifiable and immutable - essential for reproducibility and audits

* Provides programmatic access to the blockchain a python-based command line utility
* Allows registered external platforms and hubs to connect and use the blockchain
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Neuro-integrative Connectivity (NIC) Tool

A compositional workflow-based tool that analyzes brain functional connectivity patterns in neurological disorders
using electrophysiological signal data such as EEG recordings

NIC tool available on NSG for users

Uses a modular software architecture to support end-to-end EEG data analysis
* JSON-based data format for efficient analysis, computation of coupling measures representing interactions between brain
regions, and the use of algebraic topology methods to characterize brain interaction patterns
Data pre-processing module: transforms EDF data to the Cloud wave Signal Format (CSF)

» JSON-based CSF file format is self-descriptive, containing study metadata, channel-specific metadata, clinical event
annotations and fragments of signal data; enhances human readability; allows distributed storage; efficient access;
integration with parallel processing

Signal coupling measure computation module: computes quantitative measures of the coupling between signal
recordings from different electrodes

* Coupling measures (non-linear correlation coeff, phase coherence, linear correlation coeff) are stored in text files for
subsequent analysis

Topological data analysis module: uses coupling measure values to generate algebraic topology structures

* Generates algebraictopology structures such as simplicial complexes representing high-dimensional interaction patterns
using persistent homology methods

* Generates a single output file with values correspondingto the birth, death and dimension values of algebraic topology
structures

* Subsequently analyzed using statisticaland ML methods
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Provenance Metadata in NIC Tool

* NIC workflow tool involves the recording of unique provenance metadata elements to enable
* accurate recording of the context of each experimental study
* subsequent reproducibility and compliance with FAIR guidelines for neurological studies in the future

* Figure illustrates various metadata associated with each NIC module
* Each NIC module (green) has its own distinct set of metadata requirements (grey) to generate output (blue).
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NSG-OSC Integration Usingthe NIC Tool
Stored the standardized metadata information associated with the data generated by the NIC tool into the OSC

Motivation to study the reuse and reproducibility of the application

Used the existing OSC command line utility to store and update the metadata

NSG-NIC-OSC integration is the first test of the design and will enable such integration for other NSG tools

Metadata associated with a tool running on supercomputers via NSG:

* Number of servers, number of processors, estimated time to run on the supercomputers and name of the input file
* Specific tools will have their specific parameters tied to the tool
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Development Work for NSG-OSC Integration Using the NIC Tool

A new table was introduced within NSG’s MySQL database

* Captures essential data elements, including the job identifier (job id) for the application, the status of job execution (such as
‘completed’, ‘queued’ or ‘running’) within the NIC module and the unique OSC-ID

 OSC-IDis generated and logged upon the successful addition of the corresponding information associated with running the
NIC tool within NSG framework to the OSC blockchain

A programmatic module was developed to facilitate the transfer of relevant metadata as an artifact to the OSC
blockchain

Automated scripts were developed to invoke the submission process to OSC using the command line utility
Metadata associated with both the NIC tool and the job are captured
The cryptographic checksum of the data used in the experiment was calculated and appended to this artifact.

The OSC command line utility initiates connection to OSC and transfers the information to be stored in the
blockchain

The chain code of the blockchain can identify duplicate entries in which case the transaction is rejected and
the statusis updated in NSG

Upon successful inclusion in the blockchain, an OSC-ID is generated and sent back to NSG which is then added
to the MySQL table

When the data or metadata evolve for the same experiment, updates are identified and sent to the
blockchain, thus maintaining the provenance of the data or metadata of the experiment
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Data and Metadata Stored in Blockchain
* Additional provenance metadatainformation
includes (i) specific file path where the
associated files are located, (ii) the
cryptographic hash integrity information
of the input and out-put files, (iii) the

contributor email, (iv) informationrelated .
to runningthe job on the HPC resource such
as the number of processors used, Title: Converter scltware jeb run 01 NSG
(v) the version of the NIC software is also R s
included in the transmission il i co A
Submed by: nsgprod@sdsc.ecd
e OSC provide customized metadata fields R——

10; osc-B97eabctc130-4452.80209.2e4b0% Teabn

. . . URL: hiips./\vwww.nsgrenalorn

* Using OSC’s search API, information already e i
Stored in the blOCkChain Ca n be eXtra Cted for M"“::ft; 8.-:‘." AVOOUNSCne_cormenes_oarse™NCEW LOB-NC_CONVERTER_EXFANSE L2511 1853837 A4 T 2AASESSADOSISEE CCAH LPDSOEDF b
|ndependent ve r|f|cat|on a nd futu re reuse innenit e e A Kek NS inie_onernrinr_paessNGITN-JOU-N G_CON RTTEUEXPANSE -C261 TISENITAATZAAN S ADOKISN COAM PV DF isub-

Usorsatorsempe UNOANSGnC_corvaner porseNGEW-JOB-NC_CONVERTER _EXFANGE 0261 1853387 AT 2AASE READDEMSE CCAMH UPDEOED 500
IS ot rpe NSNS _oorrnier _carse™ICEN - OB-N C_CONVERTEA_EXFANSE -CO8 1 THSSSRT ALV 2AASE SSADOKSEE CCAH LPDSLEDF uts-

e Future planincludesto integrate the search
API with the NSG portal which will allow
researchers to search for datasets or
workflow processes that have been run on
NSG for reuse

Sivagnanam, S., Yeu, S., Lin, K. et al. Towards building a trustworthy pipeline integrating Neuroscience Gateway and Open Science Chain. Database (2024) Vol.
2024: article ID baae023; DOI: https://doi.org/10.1093/database/baae023 (accepted)
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the Neuro-Integrative Connectivity (NIC) tool for improving
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> Conclusion
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Conclusion

« We presented integrating NSG and OSC platforms to support reproducibility in neuroscience research using
novel blockchain techniques with the NIC workflow tool

* Work is ongoingto include such metadata capture of other NSG tools such as the computational neuroscience software
NEURON

* NEURON is one of the most used computational neuroscience tool used for modeling of single and network of neurons

« We plan to explore the possibility of using the information stored in the blockchain to identify analogous files
used in creating neuronal models or in EEG studies

* We will also explore integration of citation data that can help researchers track and reference prior work
more efficiently, fostering a culture of knowledge sharing and intellectual collaboration

e Other science gateways in phylogenetics, Cryo-electronmicroscopy uses the same gateway software
framework as NSG and there is potential for OSC integration
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