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* The motivating challenges of neuromnformatics and big data science
* CBRAIN for Big Data Processing and Workflow Management

* The software ecosystem for reproducibility and interoperability



The Challenges in Neuroinformatics

International Interdisciplinary

Big Data Big Computation .
Collaboration Health Research

What does it take?
Infrastructure and services for accomplishing science

Longitudinal Acquisition, Storage and Curation, Interoperability, Reproducibility, Transfer,
Anonymization, Security, Privacy, Ethics, APIs, Validation, Quality Control, Protocol Checking,
Preprocessing, Analysis, HPC, Cloud,

Provenance, Ontological Standardization, Data Harmonization, Upgrades, Maintenance, Bug Fixes,
User Interfaces, Bootstrap, Tracking, Extensibility, Data Management, Summary Statistics, Workflows,

Development, Tool Integration, Data Sharing, Download, Multi-Modal Linking, Querying, Image
Processing, Visualization, Networking, System Administration, Partnerships, Funding, HR
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Big Data Processing cbrain

CBRAIN orchestrates large amounts of data and computation running on remote
High Performance Computing and Cloud resources.

Makes big science easier, manageable, reliable and reproducible!



Big Data Processing cbrain
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http://journal.frontiersin.org/article/10.3389/fninf.2014.00054/abstract

Features of CBRAIN cbrain

* Convenient, secure web access and API * Flexibility to adapt to extremely
heterogeneous computing and data sites

 Lightweight core components, low
requirements for deployment and operation * Full audit trail (data provenance) and logs
across all user actions

* Distributed storage with automated,
multipoint data movement, and cataloging e Scalability (no architectural bottlenecks)

* Transparent access to research tools and
computing (HPC and cloud)

https://github.com/aces/cbrain

Full ecosystem security and monitoring



Features of CBRAIN cbrain

Enables distributed execution of software pipelines

My Account

Dashboard

oo T
cbrain - bcaron - Tasks

Projects  Messages Resources  Support Forum Rev: (last updated 1m ago) Logged in as Bryan Caron

earch for anything

ign out

Update Aftributes ~ For Failed Tasks ~ For Completed Tasks ~ Terminating And Cleaning Up ~ Archiving ~ Filters ~

Switch to List View (128 tasks) Total task space used: 46.2 MB

25 per page.

Task Type

Execution Server A ¢ Run Number

+ Civet 211 sub-01_ses-test_Tiw.mnc bcaron Bridges? 3 x Failed 0 bytes 2021-05-20 12:45:28 EDT  2021-05-20 12:46:46 EDT

+ Civet 211 sub-01_ses-test_Tiw.mnc bcaron Bridges? 3 x Failed 0 bytes 2021-05-20 12:55:37 EDT  2021-05-20 12:56:38 EDT

+ Civet 1.1 sub-01_ses-test Tiw.mnc bcaron Graham 3 % Completed 0 bytes 2021-05-20 13:28:30 EDT  2021-05-20 20:56:50 EDT ...
EslFirst 5.0.9 My test taks! bearon Converter-2 Completed 1 V(25.7 MB) 2021-08-10 17:06:47 EDT

+ FMRIprepSingleSubject  20.2.0 bearon Beluga 25 x Failed 0 bytes 2021-12-15 13:51:54 EST  2021-12-16 21:25:26 EST
FreeSurfer Recon_all  v7.1.1 bearon GrahamPlatform Completed 1 V(299.7 MB) 2022-03-16 13:17:34 EDT  2022-03-16 23:26:10 EDT

@ FMRIprepBidsSubject  21.0.0 bearen Narval 46 x Terminated 0 bytes 2022-05-11 14:51:49 EDT  2022-05-11 14:52:34 EDT ..

@ FMRIprepBidsSubject  21.0.0 bearon Narval 46 x Failed 46.2 MB 2022-05-11 15:50:07 EDT  2022-05-11 15:54:36 EDT

Workdir archiving status symbols: ~ ¢: On Cluster  V: As File

Aggregates multiple distributed file systems into uniform view

Lobar urtace paroeleton (vl rtervectons Lob~40, Right=2¢)




Why use CBRAIN? cbrain

Access to Big Data and Big Computing

e Easy access to a full range of lab-based through to large-scale ARC resources including Alliance systems
e Access to a diverse range and scale of datasets and storage for high-speed, high throughput computing

Reproducible science

¢ Deployed, standardized, and tested over 115+ software tools
e Software runs exactly the same, no matter where it executes

Scale up your science

* Web-based platform makes it easy to execute large computation easily
e High degree of parallelism can accelerate your science

Collaborate and Share your science

* Work in a virtual organization sharing data with your team anywhere in the world
e Make your pipelines and results available to others




What is Boutiques?

« Fully-automated integration of applications

« Deployment on heterogeneous computing resources through containers

« Comprehensive input validation through a strict JSON schema o

. Flexible application description through a rich JSON schema .,,

A
https://github.com/boutiques 1. Create & publish
tool with descriptor
Giga Science, 7, 2018, 1-11 Scientist |
gcl EN? ;\:r'::r:\;:l.’:;::s Publication Date: 23 March 2018 * = | { } |

platform 2. Configure data & analysis & Repository Container Index
Tristan Glatard®*, Gregory Kiar?3, Tristan Aumentado-Armstrong®?, Execution Platform

Natacha Beck??, Pierre Bellec*, Rémi Bernard??, Axel Bonnet?,
Shawn T Brown??, Sorina Camarasu-Pop®, Frédéric Cervenansky®, E
Samir Das??, Rafael Ferreira da Silva®, Guillaume Flandin’, Pascal Girard®,

Krzysztof J. Gorgolewski?, Charles R.G. Guttmann®, Valérie Hayot-Sasson?,
Pierre-Olivier Quirion®, Pierre Rioux3, Marc-Etienne Rousseau™
and Alan C. Evans®?

TECHNICAL NOTE

()
Dl

% 3. Launch analysis

Figure 1. Publication, integration, and execution of applications with Boutiques.



Software Tools cbrain

(==1E1TR) 115+ Tools

: fMRI Analysis : : fMRI Preprocessing ) [ Structural MRI ] : Genetics :
i Tractography : i PET : [Arterial Spin Labeling ] i EEG :
[ Data Conversion Tools ] [ Statistics 1

@ ) @ N

\\o”/ o® cb

\ / \ / orchestration
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Global User Community cbrain

m User Growth
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m Users mIntl Users CA Users Virtual Orgs m Countries

1400+ users, 193 sites in 32 countries "




Connected Resources cbrain

Digital Research Alliance de recherche ‘ ']
Alliance of Canada numérique du Canada J J U L I c H

Forschungszentrum

XSEDE SUR- Bl
WPSC SDSC 888 e

T* P P TEXAS ADVANCED COMPUTING CENTER
L*a 7\ | Powering Discoveries That Change The Worid

M UNIVERSITY OF MINNESOTA
Driven to Discover®

200k+ tasks launched for >5M+ CPU hours processed since 2020 aWS
44M+ files, 415 TB registered files currently in CBRAIN



Process, Store and Share Data

Share the project and the derived data Process data using a variety of tools

@) nene Dashboard Projects  Storage My Account Documentation  Logout
Select Tool
du or documentation = Too
Search econt Semcn{ ] ReconAll
Y sl masowiagiant o Tags: Anatomical, FreeSurfer, maz, nifti
JAteck a !, Freester, mgz, i O A ool it
pun Type. Tags: Anatomical, FSL
§ . Togs: Anstomica, FSL. Anatomical -
Add Users to project 'Test for documentation' gy ) Cilndcs fsi_anat
e O e Tage: Anatomical, FSL
ipro2mi Oon Civet
Asiprozmine
. O Functonsl Tags: Conversion, Experimenta, minc & Funtianst Togs AatomiceljiMNJ; min<:
EMALLS 0 _— ! Civetcombiner
Enter one or several commas. You can also or D i e 0 scientinc Tags: Anatomical, MNI, minc

Software Package: CIVET Qc tool

Software Package: Civetcombiner O Freesurter Tags: Anatomical, MNI, minc
) Freesurtor Tags: Anatomical, MNI, minc O Fst -
Orst

=% oemamne O exporimentat
0 expurimena Togs: Convrsion, MicTae, e, mine O i
B e O MincToakit
=i Tage: Converson, Expeimentl dem, e O aseat
INVITE O ceear . dam,
Tags

Minc2analyze

ags: Conversion, MincToolt, anslyse, minc O mgz
=g [
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0 e Tags: Conversion, MincTool, v, minc s
£ don Mincaverage O fem
J Tags: Imaging, MincTook O anaivse
O anaves

Schuster

HBHL

vohitter Dashboard  Projects  Storage My Account  Documen

e e e e e O e (1t updatod Om ago) Lagged i o5 Veren Sch

| cbrain - Test for documentation - Files

> Lanch | 1 Upload | |+ Download | ®Copy | “Mowe | @ Compress | i Uncompress | 1 Delele 5 More.
1 files currently selected (select all, clear) (1entry, 23.1M8) ]
2 8 1 £ 0 S
- FILES MEMBER | EDITORS: 0 PENDING IN|
0 riesa 5% croation: S sme ¢ e dectAccess ¢ Provider 8¢ Dascription
v D TEST DOCUMENTATIONMI ¢ NIMIfle wehuster 20200828 23.1m8 Read Only vainstore
NAME Synchronization symbols:  ¢: InSync -: ProvNewer .: CacheNewer x: Corrupted  4: ToCache 1: ToProvider
Test for documentation
MAINTAINER
vehuster
TYPE
My Work Project (@) nany | Verona Schost Dashboard  Projec Storage My Account  Logout

DESCRIPTION
Test for Documenation

MEMBERS - e omer e poes B

vehuster MA ATEST DOCUMENTATION i ehust i flo n1Ms




Data Processing and Visualization

—Content
Change view: | Surface Viewer .
% | Q
Files:
CIVET Output
Surface File: (| .
—Content Surface Overla Surface Viewer ™

P Color Map: Choose File  no file selected
Change view: | CIVET Qutput -

Show Displayable Contents

LCIVET Urector X 1

File Size

. CBRAIN_GrahamPlatform-1477704-1.params.ym| 1.0 kB

References.txt 6.0 kB

L an Al g
=
3
&

surfaces Expand

temp Expand
thickness Expard

transforms Expand

verify Expand

Extract Files from Collection

[2020-11-16 09:18:10 UTC] CivetOutput revision ©395894c Pierre Rioux 2017-04-19
[2020-11-16 09:18:10 UTC) post_process() CbrainTask::Civet rev. bfSeldf3 Created/updated by task Civet@GrahamPlatform/1477704 from file sub-01_ses-test_Tlw.mnc.

Disk Space History

Date Space Delta
2020-11-16 04:18:10 EST (4 hours, 59 minutes and 35 seconds ago) + 671.0 MB
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Data Processing and Visualization

Functional

cbrain_files_admin_bryan.B366/functional.nii

File
functional. nii

structural.nii

Overlay

Overlay

Structural

cbrain_files_admin_bryan.8366/structural.nii

Size
40.4 MB

4.1 MB




Interactive Data Exploration

e (CBRAIN API - users can mteract programmatically with data and tools

é Jupyter

API

Session Management Tools Tasks Data Handling
Authentication Tool selection Task submission File upload / download
Authorization Libraries and packages loading Task status querying File search / selection
Access Control and import Task management File read | write

In [24]: file_to_load = 'sub-1004359_ses-PREBL00_run-001 Tlw.nii.gz' #specify filename as strin - = -
b anat_file = nib.load(file_to_load) #loading an et (71 ieiqh{em scan ? 1 5. fMRI visualization
print(anat_file.shape) #3D shape <L
- B [26): from nilearn.image.image import mean_img
file to_load2 = 'sub-1004359_ses-PREBL00_task-encoding run-001_ bold.nii.gz’' —
1 time or the 4th dimension

bold file = nib.load(file_to_load2) #loading an fMRI (BOLD) scan mean_fmri = mean_img(bold_file) #Compute the mean of the images over t

print(bold file.shape)#dD shape
from nilearn.plotting import plot_epi, show
plotting.plot_img(anat_file) #General purpose plotting, no specific preset plot_epi(mean_fmri) #plot cuts of the image (by default 3 cuts: Frontal, Axial, and Lateral)

plotting.plot_anat(anat_file) #Anatomical image plotting
Out[26]: <nilearn.plotting.displays.OrthoSlicer at 0x7f352ecce908>

(176, 240, 256)
(64, 64, 32, 183)

Out[24]: <nilearn.plotting.displays.OrthoSlicer at 0x7£352Zeae9b70>
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Access to Large Datasets

+ tools for genetics

biobank’

More than 3000 patients including those with
Parkinson’s and ALS, with genetic data
accessible via NeuroHub

Improving the health of future generations

* Centralized and efficient handling and processing
* 40000 participants with imaging data + tools to load into PyTorch C-BIG
« 200000+ participants with genetics and phenotypic data Repository

HBCD (HEALthy Brain and Child Development) Study

» 7500 participants study on the effects of opiate addiction
ome Project P P y P

E C O N P (50+ datasetS) Adolescent Brain Cognitive Development ™
I
1 P C N O * 12000 participants

* NIH wants major NeuroHub components within its data curation, dissemination plan
17



Canadian Open Neuroscience Platform
()N F
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130 §
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SIMON

Creators: Laboratoire MEDICS
Version: 1.0 Date Added: 2019-04-26 Date Updated: 2021-11-12
Modalities: MRI, MRI License: CC BY-SA

Files: 1820 Size: 84.0 GB Subjects: 1 Formats: NIfTI

ARK ID @: hitps://n2L ne/ark:/98998/d7zmp70228pBcBhxdj

BigBrain dataset

Creators: BigBrain project
Version: 1.0 Date Added: 2020-01-12 Date Updated: 2022-05-02

Modalities: histology ~License: Creative Commons Attribution-N I-ShareAlike 4.0
Files: 316 Size: 1125GB Subjects: 1 Formats: MINC, NIfTI

Public License

ARK ID @: hitps:/in2L.ne/ark:/99999/d7r3hp4793419234m3

Learning Naturalistic Structure: Processed fMRI dataset

Greators: DuPre, Elizabeth
Version: 0.1.0 Date Added: 2020-02-07 Date Updated: 2021-06-02
License: other-pd

Files: 240 Size: 13.9GB Formats: TSV, NIfTI, TXT

ARK ID @: hitps://n2t net/ark:/99999/d7pKfBf5vTmm6p17¢

Advanced Search Page (NEXUS)
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Recent Developments

* Some recent highlight features:
* New Boutiques mtegrator - more modular, easier maintenance and tool integration
* Users can link their account using Globus Auth for Federated Identity Management
* Data Providers access files in SquashFS / ext3 overlays with singularity bindmount

* large datasets are then friendly to HPC file systems

* Fully supported S3 Data Provider configurable with distinct regions and endpoints
* User can create APltokens for connections from external applications
* User definable networked storage resources managed through SSH keys
* User storage resource quotas on storage provided centrally by CBRAIN

Platform interoperability is key to building researcher communities and their success

A NeuroHub :



hat is NeuroHub?

Dashboard Projects Storage Messageso

+ ADD PROJE

1 Next »

CONP-VisualWorkingMemory

admin_prioux

CONP Dataser. See
https://portal conp cajdataset?
id=projects/visual-working-memory

Files: 25 Tasks: 0 (&) Users: 2

CONP-SIMON

admin_prioux

Access control project for CONP-SIMON dataset

Files: 5 Tasks: 0 [ Users: 2

My
Account

Documentation

CONP-BigBrain

admin_orioux

Access to files in the BigBrain datasets obtained
from CONP. Public.

Files: 317 Tasks: 0 (&) Users: 2

Multi-modal
data management

Data analysis

Data Storage & Sharing
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NeuroHub Ecosystem

Services

Data Management

‘ Data Sharing

Data Exploration

Big Data Processing

Data Storage &
Accessibility

Open Publishing

(in the future)

_—a o . . . o o - o e e e . -
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NeuroHub Ecosystem

Data Sharing

22n000 2 OSF Datag

Data Exploration

. = @studio
biobank™ Jupyter

J=" @A python’

Big Data Processing

Data Storage & Accessibility

computa | caleul

sl btor ° uk
« biobanhk ¥conp

»
L PRRkngon

Open Publishing (in the future)
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NeuroHub Ecosystem Features

Easy-to-use interface and rich API Securely store and share data

Access to high performance computing Access large international datasets
Capture and curate multi-modal Datasets suitable for machine learning
data
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NeuroHub for Reproducibility and

Interoperability

Which dataset version you worked on

Know which software version you have used

Be able to relaunch on new datasets : Replicability

Cost and maintenance aspects

Leverage expertise that cannot be built locally

Build the bridges across communities and across platforms )



Large Scale Projects

Canadian Consortium
on Neurodegeneration in Aging

C-BIG

Adolescent Brain Cognitive Development®

C O N P Teen Brains. Today’s Science. Brighter Future.

PCNO (/_;)

THE HEALTHY BRAIN

&, GLOBAL

X BRAIN
G CONSORTIUM
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Future Directions

Additional CBRAIN Data Provider types to support cloud-based storage

(e.g., Google Drive / Cloud, Microsoft SharePoint, ..)

Update the CBRAIN Portal web interface to improve and simplify the user experience
* C(Cleaner and more intuitive workflows
* Enhanced self-help functionality

Updated look and feel based upon modern Ul design

Adapt CBRAIN for generalized use for scientific workflows across HPC and Cloud infrastructures

A NeuroHub

Update the NeuroHub Portal web interface to be a clean entry point into the ecosystem

27



Conclusion

International Interdisciplinary

Big Data Big Computation .
Collaboration Health Research

Infrastructure and services for accomplishing science

CBRAIN and NeuroHub are core components for reproducibility and mteroperability
* Interoperate orintegrate — not reimplement

Standards are game changers

Community and use-case based development and governance

28
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