DATASET MANAGEMENT FOR REPRODUCIBILITY & REUSABILITY

Read more at psychoinformatics-de.github.io/rdm-course/0O4-dataset-management
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When setting up data analyses...


https://psychoinformatics-de.github.io/rdm-course/04-dataset-management/index.htmlhttps://psychoinformatics-de.github.io/rdm-course/04-dataset-management/index.html

WHY MODULARITY?
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https://github.com/datalad-datasets/human-connectome-project-openaccess

WHY MODULARITY?

e 3. Transparency

Original:

/dataset

|—— samplel

| L a001.dat
|—— sample?

| L a001.dat

Without modularity, after applied transform (preprocessing, analysis, ...):

/dataset

F—— samplel
| F—— ps34t.dat
| L— a001.dat

F—— sample?

| F—— ps34t.dat
| L— a001.dat

Without expert/domain knowledge, no distinction between original and derived
data possible.



WHY MODULARITY?

e 3. Transparency

Original:

/raw_dataset

|—— samplel
| L — a001.dat

|—— sample?
| L— a001.dat

With modularity after applied transform (preprocessing, analysis, ...)

/derived dataset
|—— samplel
| L — ps34t.dat
|—— sample?
| L — ps34t.dat

...

L inputs

L raw
|—— samplel
| L a001.dat

|—— sample?
| L a001.dat

Clearer separation of semantics, through use of pristine version of original
dataset within a new, additional dataset holding the outputs.



A MACHINE-LEARNING EXAMPLE

Code alongor try it later at
handbook.datalad.org/usecases/ml-analysis.html


http://handbook.datalad.org/en/latest/usecases/ml-analysis.html

ANALYSIS LAYOUT

e Prepare aninput data set

e Configure and setup an analysis
dataset

e Prepare data

e Train models and evaluate them

e Compare different models,
repeat with updated data

Imagenette dataset



PREPARE AN INPUT DATASET

e Create a stand-alone input dataset
e Either adddataanddatalad savet, or use commands such asdatalad

download-urlordatalad add-urls toretrieve it from web-sources



CONFIGURE AND SETUP AN ANALYSIS DATASET

e Given the purpose of an analysis dataset, configurations can make it easier to
use:
= -C Yyoda prepares a useful structure
= -C text2git keeps text files such as scripts in Git

e The input dataset is installed as a subdataset

e Required software is containerized and added to the dataset



SHARING SOFTWARE ENVIRONMENTS: WHY AND HOW

Science has many different building blocks: Code, software, and data produce
research outputs. The more you share, the more likely can others reproduce your
results




SHARING SOFTWARE ENVIRONMENTS: WHY AND HOW

e Software can be difficult or impossible to install (e.g. conflicts with existing
software, or on HPC) for you or your collaborators

e Different software versions/operating systems can produce different results:
Glatard et al., doi.org/10.3389/fninf.2015.00012
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SOFTWARE CONTAINERS

e Putsimple, a cut-down virtual machine that is a portable and shareable bundle of
software libraries and their dependencies

e Docker runs on all operating systems, but requires "sudo" (i.e., admin) privileges

e Singularity can run on computational clusters (no "sudo") but is not (well) on non-
Linux

e Their containers are different, but interoperable - e.g., Singularity can use and
build Docker Images



THE DATALAD-GONTAINER EXTENSION

e Thedatalad-contailner extension gives DataLad commands to add, track, retrieve, and
execute Docker or Singularity containers.

pip/conda install datalad-container

e |f this extension is installed, DatalLad can register software containers as "just another file" to

your dataset, and datalad containers-run analysis inside the container, capturing software as
additional provenance

save all
link input, code, output, and software with modifications
datalad containers-run of the dataset

unloqk
get input data output files
-—input for modification
get and use registered software --output

——contalner—-name

container for computation fs @



DID YOU KNOW...

Helpful resources for working with software containers:

repo2docker can fetch a Git repository/Datalad dataset and builds a container image from
configuration files

neurodocker can generate custom Dockerfiles and Singularity recipes for neuroimaging.
The ReproNim container collection, a Datalad dataset that includes common neuroimaging
software as configured singularity containers.

rocker - Docker container for R users


https://github.com/jupyterhub/repo2docker
https://github.com/ReproNim/neurodocker
https://github.com/repronim/containers
https://github.com/rocker-org/rocker

PREPARE DATA

e Add a script for data preparation (labels train and validation images)
e Executeitusingdatalad containers-run



TRAIN MODELS AND EVALUATE THEM

e Add scripts for training and evaluation. This dataset state can be tagged to
identify it easily at a later point

e Execute the scriptsusingdatalad contailners-run

e By dumping a trained model as a joblib object the trained classifier stays
reusable






WHEN EVERYTHING IS TRACKED: A REPRODUCIBLE PAPER

Demo: Fully recomputing a real scientific paper (DIY)

e Peer-reviewed paper published in Behavior Research Methods [Dol 10.3758/513428-020-01428-x]

e Freetoreproduce at https://github.com/psychoinformatics-de/paper-remodnav more details in the Datalad
handbook http://handbook.datalad.org/r.html?reproducible-paper.

e Full video: https://youtube.com/datalad


https://www.youtube.com/watch?v=nhLqmF58SLQ
https://doi.org/10.3758/s13428-020-01428-x
https://github.com/psychoinformatics-de/paper-remodnav
http://handbook.datalad.org/r.html?reproducible-paper
https://youtube.com/datalad

ANTICIPATE CHANGE!



EXHAUSTIVE CAPTURE ENABLES PORTABILITY

= text document
/> source code
‘¢ binary file
. regular file
file reference:

identity and
availability

Precise identification of data and computational environments, combined for
provenance records form a comprehensive and portable data structure, capturing
all aspects of an investigation.

Easily take your stuff with you, whereever and whenever you move on!



SERVICES

Pull requests Issues Marketplace Explore

L] psychoinformatics-de / studyforrest-data-phase2 ¥  Owach~ 1 *star 5  YFork 6
<> Code Issues 4 Pull requests 1 Actions Projects 0 Security Insights Settings
studyforrest.org: Phase2 data (movie, eyetracking, retmapping, visual localizers) [BIDS] http://studyforrest.org Edit

Manage topics

D 75 commits ¥ 2 branches © 1 release 41 2 contributors [z View license
|
Branch: master v New pull request Create new file = Upload files  Find file Clone or download ~
E‘ mih [DATALAD] dataset aggregate metadata update Latest commit a6623bf on May 11, 2018
B datalad [DATALAD] dataset aggregate metadata update 2 years ago
B code Fix type in physio log converter (fixes gh-11) 2 years ago
i src Recover lost segment from eyetracker (closes gh-3) 4 years ago
B stimuli Add BIDS-compatible stimuli/ directory (with symlinks) 3 years ago
B sub-01 BF: Re-import respiratory trace after bug fix in converter (fixes gh-11) 2 years ago

e make the difference for advertisment, discovery, convenience
e butimply gigantic dependencies
e often impossible to "take over"

Make sure data/metadata are self-contained
to facilitate/enable transition to another service



IS IT REALLY WORTH THE
INVESTMENT?




FAIRLY BIG: PROCESS THE UK BIOBANK (IMAGING DATA

Researcher login Participant log in Contact us

biobank™

Enabling scientific discoveries that improve human health Enable your research | Explore your participation | Learn more about UK Biobank Q,

Enabling your vision to improve public health

Data drives discovery. We have curated a uniquely powerful biomedical database that can be accessed globally
for public health research. Explore data from half a million UK Biobank participants to enable new discoveries

to improve public health.

Data Showcase Future data releases

UK Biobank is a large-scale biomedical database and research resource, containing in-depth genetic and health
information from half a million UK participants. The database is regularly augmented with additional data and is
globally accessible to approved researchers undertaking vital research into the most common and life-threatening
diseases. It is a major contributor to the advancement of modern medicine and treatment and has enabled several
scientific discoveries that improve human health.

o /6 TBin43 million files in total

e 42,715 participants contributed personal health data
e Strict DUA

e Custom binary-only downloader

e Most data records offered as (unversioned) ZIP files



CHALLENGES

e Process data such that

= Results are computationally reproducible (without the original compute
infrastructure)

= Thereis complete linkage from results to an individual data record download
= |t scales with the amount of available compute resources

e Data processing pipeline

= Compiled MATLAB blob

m 1h processing time per image, with 41k images to process
= 1.2 M output files (30 output files per input file)

= 1.2 TB total size of outputs



FAIRLY BIG SETUP

Processing with the proposed workflow o e R e

i Le'fvfr‘s""a"" | v
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Pipeline

Public
cloud
storage

Containerized

pipeline v
P o=

Input data

Institutional
storage

42,0-[}9 BIDS-structured
participant datasets
Access restriction Metadata access Data access \]_ _L

Public access

Authorized researchers

e UKB Datalad extension can track the evolution of the complete data release in DatalLad datasets
e Full version history
e Native and BIDSified data layout

Wagner, Waite, Wierzba, Hoffstaedter, Waite, Poldrack, Eickhoff, Hanke (2021). FAIRIy big: A framework for computationally reproducible processing of large-scale data.



FAIRLY BIG WORKFLOW

a) User-facing dataset view b) Processing flowchart d) RIA store dataset representation
/home/me/ Dataset Link Link Develop Workflow Result /data/store/
@ results/ created input processing  workflow execution consolidation/ 893/8de76-0302-45b5-9825-3c6ce3f3fffe/
gv git/... w:él;ntglfllté:m data pipeline — merge bra:ches/___ c6ce3f3ttfe y’@g
.datalad/. .. v izgfs}g .
README . md -- T — objects/. ..
sub-100100/inforoi.tar.gz / \ T — —
. annex/
native.tar.gz = R —
surface.tar.gz s TR — objects/

vbm.tar.gz A

R — '55(}Xg/HD5E-52796322--bd9938c ...4bb14af .tar.gz
sub-.../inforoi.tar.gz m C) Ephemeral workspace bv/r4/MD5E-52873442--45feal3. . .fb983ca. tar. gz

code/ (V/45/MD5E-52643567--ac54321 . . .345eeed. tar.gz
e Z3/cx/MDSE-s2931364--d23cfa3. . .d2f11e2. tar.gz
submit . spec 993/00£b0-ea39-4fd2-b36d-2afcle9ab7hd/. .. >
v'
pipeline/
container. sif ~ 14a/5e5b6-d30d-11ea-8836-b4969157768¢/...  <Lap»>
@ inputs/

g - 800/467ae-d521-11ea-8bfT-aclf6bbcddde/ <G> 8
<> qub-100123/ .. i o >
= Pipeline X ) T
<=  ses-2/anat/sub-100123_ses-2_Tlw.nii.gz File e

b0 v v ; SRSk efd/ab9ca-d51c-11ea-aalb-ac1f6bbcd742/. .. ¢

sub-. ../ "=.___ v V Content identity and o x

vh > Dedicated ephemeral n[::::::: 1;‘:13;:?: " -
Sub-... o, k f h

<> Dataset with file

—

=== content absent

/

7

e Common data representation in secure environments

e Content-agnostic persistent (encrypted) storage

e All computations in freshly bootstrapped emphemeral environments, only using
weifQEmation from a.fully, selfzcontained PDatalad dataset



FAIRLY BIG PROVENANCE CAPTURE

# perform and capture a computational e
%

datalad containers-run \

-m "Compute subject &{subid}" \

n cat
-—input "inputs/${subid}/*TIw.nii.g
-—output "${subid}" °
"<arguments for container invocation>"

A datalad containers-run y.
call in each compute job -
performs file retrieval, -

; -
i / I
computation, and j @ nputs

provenance capture. v W
A datalad rerun call v (‘\\\:{/)'

can reproduce it exactly.”. @

Author:  Jane Doe <=j.doe@fz-juelich.de=

Commit: Jane Doe <j.doe@fz-juelich.de=

[DATALAD RUNCMD] Compute sub-6025043/ses-2

== Do not change lines below ===

I

"chain™: [],

"emd": "singularity exec -B {pwd} --cleanenv code/pipeline/.datalad/
environments/catfimage sh -2 -u -x -c [...]'

"dsid": "8938de76-0302-45b5-9825-3chce3f3fffe",

"exit": 0,

"extra inputs": [

"code/pipeline/.datalad/environments/cat/image"

1.

“inputs”: [

"inputs/ukb/sub-6025043/ses-2/anat/sub-6025043 ses-2 T1lw.nii.gz",

"code/cat_standalone_batch.txt",
"codeffinalize_job_outputs.sh"
]J
"outputs": [
"sub-6025043/ses-2"
1.
"pllllld": |I-I-
}
~~~ Do not change lines above
sub-6025043/ses-2/inforoi.targz | 1 +
sub-6025043/ses-2/native.targz |1 +
sub-6025043/ses-2/surface.targz | 1 +
sub-6025043/ses-2/vbm.targz |1 4
4 files changed, 4 insertions{+)

i

<@ Basic commit metadata

Author, Agent, Date, Time,
and Commit Message

Transformations

Command call/
Container parametrization

Software container image

Origin: http://containers.ds.inm7.de/..
Version: dfabd975eaB888ed33bf714c67

Input data

Qrigin: hitp:/ /ukb.ds.inm7.de/ ... /bids
Version: 0cTi0bd5140ddeld7291b1572

Expected output data/folder

Captured output data
Path, Content hash

wemner et 2020y e AGRLEXEGLLION Individually reproducible without HPC access



FAIRLY BIG MOVIE

Reproducible processing of 41,180 brain images from the UK Biobank with Datalad

e Rendered exclusively from information captured by Datalad in the output

dataset. Full video: https://youtube.com/datalad
e Two full (re-)computations, programmatically comparable, verifiable,

reproducible -- on any system with data access


https://www.youtube.com/watch?v=UsW6xN2f2jc
https://youtube.com/datalad
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Hanke, Pestilli, Wagner, Markiewicz, Poline & Halchenko (2021). In defense of decentralized research data management. Neuroforum, 72, 17-25.




TRAINING AND GUIDELINE DEVELOPMENT

Version controlled

All elements involved in the generation of research outputs - from
raw ar derived data to software - evalve. Changes in these
building blocks influence the resulting research output?.

L S e, s

uniguely & un- Most version control tools
ambiguously facllitate common
identify digital files. sclentific workflows such

A pragmatic approach to
reusable research outputs

as (remote) collaboration
and reuse

Identifying precise inputs of a research cutput is a prerequisite for

retracing, trusting, and reproducing its genesis, and is possible —
o 1 . - . 1.3 when version control systems unambigously track digital files.
Adina S. Wagner*, ).-B. Poline®, Michael Hanke*- Full control
- Changed Mistakes are not forever
i B rINM-7, R ©
o building anymore. Previous _
2 blocks? results, code, or data T oert
o i can be brought bock “anqe.% o g&%ﬁdmne,\ﬂ
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FA' ng difficul‘t The FAIR principles’ center around richly curated outputsl -

_ metadata to reach maximal reusability. In practice, . )
— 0110u is di e
</> —| 10110 creating fully FAIR resources is difficult in systems A tl n bl
= 9990 that yet lack or fail to incentivize the necessary C o G e
stc:l_ndords and procedures. But reusability should T e e e,
be improved nevertheless. e e . oo ey
QEnEI’GlE research outputs

{process provenance) are

© Quality .
The miox omouit Validity

of valid process - Metadata can
provenance exists proven ta be valid
at cutput crection - when processing
later reconstruction based an them

can be costly ar results in adagquate
incomplete

Science is an incremental process that produces and
builds on more than journal articles'. Code, data,
results, or tools of previous finished or unfinished
projects (research outputs) fuel new undertakings.

Reusing research objects allows for reproduction, We highlight four widely accessible strategies thot

verification, and extending existing work, evidence can elevate reusability as a byproduct of pragmatic volatile, but required 105 outputs. Valid
synthesis, and minimizing duplicate efforts®. The more %HH research data management, even when achieve reproducibility”. Capturing this information at the "::‘]“"-‘F";‘ D
= " = Aasis for
reusable outputs are, at any stage of a project, the better. 11110 compliance to FAIR is not yet possible. time of its creation, by its expert reusability,
creators, and basing subsequent Reuse &
FAIR processing on it, improves Recompute
Reusable digital metadata quality and validity Readily available
REUSABILITY CHECKLIST e -
Can you answer the following questions about your research output? Bhjeets® ©ven If does not comply to e
outputs community standards. |deally, it tronsparency and
) . ) ) - 2 Mted a Common is simply structured, machine reproducibility of
Are all elements of your project unambiguously identifiable? Use version control for code and data: Git, DatoLod ! readable, and validated by use. processing for
versioning features of cloud services (.g, AWS). Use them project e s e o e e eriginal )
continuously, not only as a last step prior to publication. files < Flexibility
(J which version of your script was used to generate the output? - v ai research oulp utsém FAIR m:J:gu;sgrs_
[0 what is the precise software environment your analysis was run in? Ensure that everything in your project can be versioned research objects Medular units can
C] Exactly what data, at which version, have been used? enshrine software environments in software containers be reused more
write your code into scripts instead of using GUIs, include poster/ easlly, In more
all relevant files in your project O U G r » abstract. txt cantexts.
e r alprint pdf
Can ur project speak for itself?
HOLEPRO) [~ Structuring projects into medular I‘WB':I\NJ
O - I _ Capture processing parametrization/invocation units that constitute unombiguous materials/ ion
Is the pCIerE'[rIZG'[.IDI'I of your analysis CCI.dIFIEd and simply structured? (in config files/Make-files, bash scripts bundling all execut multi-use components (such as infographic / Comehany
D Is relevant processing metadata (e.g. configuration, parametrization) ion steps, outomatic execution coplure) as an entry point raw data, processed daota, or - ::f.:"m"';y Clebrnd Briored
0 machine-readable, and is used by toals and scrupts? , into yeur project! software) improves the o dk srovenance structuring alds
Has relevant process metadaota been validated vio direct use? Ensure that . ing on this it transparency of a project, & allow chart_pdf understanding, especially
i ? processing relying matadata uses =
D Can you and athers infer what has been done to abtain a result (by reading configurations from files, elc) in order to test individual modules to be performance / ResERoOtu T for non-domain experts
¢ g recombined ond reused easily figures/ and researchers
its validity. declare dependencies
2020.pdf unfamiliar with a project.
O hewe Knclividial ol 2019.pdf to Individual modules
Are your project's components modular units? Ll el oo L lfies Lo 8 2018 pdf 1o capture their
you caon declare and link them as building blocks.

§ X . when files have different dependencies Moduies con
D Can someane unfamilior with your project infer all relevant elements just Modularize whe be reused

based on the structure of your project? P
D Is everything that can be reused set up as a stand-alone entity?
[:] Does your project declare dependencies to all relevant elements of the
processing?

purpose
rierred from

the structure
Portable
When your project is portable, it can move between users or

infrastructures and run successfully without adjustments. This
requires completeness (every required element should be

» target audiences (row data vs. results)
» confidentiality (personal vs anonymous),

* levels of accessibility (proprietary vs. open formats)
* evolutionary pace (foctual data vs. ongoing study)

Is your project ready to move?

Ensure independence from sy idiosyncrasies (no

L!'I'R

D Does your project contain all relevant elements for successful execution hard-coded absolute paths, no infrastructure-specific included in the project and identifyable), documentation (how are Infrastructure
(code, data, software environment, )7 processing components) processing steps executed, what do they do ond what do they independence
' ) T need), ond outomation (see Actionable; Even when original
([ Do your scripts reference project elements with only relative paths? Ensure completeness: all required elements shol ¢ g compute
P —
(0] Can you move your project to o different computer, or from local to of your project. Document everything, and, ideally, environments are Reproducibility
cloud Infrastructure, ond execute it without adjustments? automate. not accessible,
Portability benefits from previous traits! processing Is Trust and verify

possible. outputs by (re-)

' Mons, 8. (2018) Data o for Cipan Science: * Kennedy, 0. M., ot al, (2019). Everything Matters: The ReproMim computing them

¥ FAIR Principles. CRC Press. ISBN 8780815348184 Perspective on Asproducible Neursimaging. der org/L0 3389/ nint 201900001 on different systems.
* Thanas, . (2017), Research Data Reusability: Conceptual Foundations, ke, T E. et al. (2018). Data avaiability, reusability, and analytic

E Barriers and Enabling Technologies. ) 02 scibility, dai.org/10, 1098/ri0s, 180448 Portoble projects can run on your laptop, but also your next

= Wilkinson, M. D. et al.. (2016). Th * Da Smedt, K. et al. (2020). FAIR Digital Objects for Science: From Data Pleces ﬂ loptop, your friends workstation, the cluster, or the cloud

€ data management and s to Actianable Knowledge Units. doi.org/10.3390/pu bications 8020021

Adina S. Wagner, Jean-Baptiste Poline, Michael Hanke. A pragmatic approach to reusable research outputs. 10.7490/f1000research.1118575.1 More hands-on details in the DatalLad handbook at
http://handbook.datalad.org



https://doi.org/10.7490/f1000research.1118575.1
http://handbook.datalad.org/

AFTER THE WORKSHOP

If you have a question after the workshop, you can reach out for help:
Reach out to to the DataLad team via
= Matrix (free, decentralized communication app, no app needed). We run a weekly Zoom
office hour (Thursday, 4pm Berlin time) from this room as well.
» the development repository on GitHub

Reach out to the user community with
= A question on neurostars.org withadatalad tag

Find more user tutorials or workshop recordings
= On Datalad's YouTube channel
= |nthe DatalLad Handbook
= |nthe DatalLad RDM course
= |n the Official APl documentation


https://matrix.to/#/!NaMjKIhMXhSicFdxAj:matrix.org?via=matrix.waite.eu&via=matrix.org&via=inm7.de
https://github.com/datalad/datalad
https://neurostars.org/
https://www.youtube.com/channel/datalad
http://handbook.datalad.org/en/latest/
https://psychoinformatics-de.github.io/rdm-course/
http://docs.datalad.org/

