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The steps of the framework. 1-4 are
set up by a bootstrap script based on
user-input. Main features are version
control, ephemeral work-spaces &
computational provenance

Big datasets challenge infrastructure &

compute

reproducibility alike. It takes much to store and compute the

largest datasets, it takes even more to do so in a way that

aids transparency & reuse. We developed a framework for

scalable and reproducible processing, connecting container

1. Create a Dataset

<
> ¢ datalad create ukb-vbm

technology, job scheduling, and version control tools, with ©

oroof-of-principle analysis on UK Biobank imaging data.

UK Biobank
servers

2. Link input data

$ datalad clone -d . \
${datastore}#~ukb-bids

"

DatalLad! is a data management

Containerized
pipeline

& data publication tool based on

popular version control systems
3. Link processing pipeline (Git, git-annex). Its datasets ease

public or private data retrieval or

$ datalad clone -d . \ | | distribution by st ining dat
tituti :
${containerstore}#~cat code/cat Srt'f,r;:e'ona P";';ia;g"d Istribution by streamiining datd
$ datalad containers-add \ Input data ’/, ! access for the desired t(]rget
\ '
code/cat/... --name cat . j ’ ¥ audience, and are central in the
\ P4
42,000 BIDS-structured NS radl framework. UKB data was
tici d - 2 )
. participart datasets retrieved and structured to BIDS
# draft a datalad (Contalners—)run Access restriction Metadata access Data access I \ . . . h
# command for analysis granularity ------ Authorized researchers Public access Into one dOtOSGT per SUbJeCt wit
# of your choice (e.g., subject) & Processing with the proposed workflow P >...'.E.“.r.t.h.‘?r..“.5.":.°.f..t.h.‘?.'.e.5.”.'.t.s .................................... datalad-ukbiobank?.
# create 1ts ephemeral workspace.
# Pick job scheduler and resources
+1/bin/bash ¥ datalad containers-run executes The framework links different analysis components
. # fail on any issue, show commands 29 # the "cat" computational pipeline.
4. Deve'op CompUte JOb :efa"—'e ;‘:m—l:wnt“ for readability : fi?:iii?j lxrii;rli“alaftu"l’iof(dbi?;l:les (dOtO, prOceSS|ng plpellne> OS O dOtOSGt h|erOrChU. A
dssource="§1" » # provenance record
Pushgitremote="s2" davalad comtainers xun N e v generic compute job defines an analysis subset (e.q,
-n cat \ . . . . .
# obtain the amalysis dataset, which explicit \ one subject), and, during parallel computing with a job
# also tracks the required 1inputs --output "$isubidlr”
wirvani bttt o s s o SCheduler (e.g, HTCondor, SLURM), bootstraps an

"<container invokation arguments>
# END OF APPLICATION-SPECIFIC CODE

' # register location for result

ephemeral work-space by cloning the top-most

# deposition, separate from the input

# job scheduler % % %

# source for performance reasons only 2 # push result file content to the . .
st Temots sdd outputstore o# configuzad "storsge-ramote’ dataset. It retrieves relevant input data and software
. ¢pusngitremote “ aatala pus -=-T0 Storage-remote
$ condor_submit ... ‘ .
$ SbatCh # all job results will be put into & # push branch with provenance records COntOIHerS from Compressed Storgge, COthreS
o« o o # a job-specific, dedicated branch 7 # needs a global lock to prevent
BT checkon b e - $lock *$DSLOCKPILE® git push execution provenance on a branch, and pushes results
# START OF APPLICATION-SPECIFIC CODE — outputstore

{ # pull down input data manually,
onl rd -based file

command

back. The number of concurrent jobs are adjusted to

-9.

only needed for wildca # log entry to mark non-error exit

. echo SUCCESS

& # selection in the next

»7 datalad get -n "inputs/ukb/${subid}"”

fit available resources for scalability.

Compute jobs record actionable process provenance about any

E Use software

development routines
for data analysis

file's genesis with a datalad (containers-)run command. This [
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orovenance includes analysis input, output, software, and

: : . " ehain® Recompute
commands. Computing in ephemeral workspaces ensures that it [REEEEEEE . >
. : cmd”: "singularity exec -B {pwd} --cleanenv your
6. Result consolidation is complete and thus portable. Beyond transparency, this allows | code/pipelaneli, 1 sh el cul = e NL T ,
"dsid”: "8938de76-0302-45b5-9825-3c6ce3f3fffe”, colleagues
Z# octopus-merge all "job" branches consumers to automatically rerun Check exit’: 9, . | o multi-TB
. ; ; . o . . extra_inputs”: ["code/pipeline/.datalad/environments/cat/image"], .
$ git merge -m "Merge results” \ individual JQbS on their own |Qp’[ops recomputations forq "inputs”: ["inputs/ukb/sub-6.../ses-2/anat/sub-6..._Tlw.nii.gz", CII'\CI'QSIS -
$(git branch -al re "10b’ . . . . "code/cat_standalone_batch.txt",
(g I grep ) ) uSing the datalad rerun COmmOﬂd, b|narg ldentltg "code/finalize_job_outputs.sh”], on your
"outputs”: ["sub-6025043/ses-2"], |thop!

and inspect recomputations’ computational reproducibility. owd”: ")

In the framework, datasets have a common representation (a

Scalability test: UK-Biobank

- internal

directory tree) familiar to wusers, and an

representation (a RIA store?) that can host a dataset of arbitrary size

storage

Key workflow metrics:
41180 T1-weighted brain images from the UKB imaging dataset were analyzed with
subject-wise compute jobs. Each compute job:

and number of files in fewer than 25 inodes, with minimal

Analyze datasets
that exceed your

computational resources

Common representation

server-side requirements, & optional

- processed one image for voxel-based morphometry* using a Singularity> container content compression and encryption.

- required one CPU hour
- needed 4 GB RAM

Key computing metrics:

- created 4 tar archives, stripped from irrelevant sources of variance

- needed 5 GB disk space N Storage representation (RIA store)
image quality metrics

/data/store/

: : ; : @ @ — ses-2/
893/8de76-0302-45b5-9825-3c6ce3f3fffe/ & v
. _ . ion AN — anat/ ...
Low disk space HTC: - - esso : < .
P Inode-constrained HPC. 20{ & =2 800/467ae-d521-11ea-8bf7-ac1f6bbcdsde/ @8 — dwi/
. . . . - ¢ ¢ \V, — func/ ...
- Up tO 600 JObS Ot a t|me - 3125 JObS C]'t a t|me branches/. .. L hon-bids/ ...
- - ] ’ | config — dMRI/
- Processing time: 6 weeks - Processing time: 10 hours refs/. ..  fieldnap/ ...
_ . i . . . 1.6 1 objects/. .. FMRI/
Recomputations yielded >50% binary identical results with i
the exception of cortical projections. L 1o Fiir
1.2 - ° L— swi/ ...
S E E — ses-3/
'g - 1.0 - # clone one participant dataset from the store L anat/
e uk N i-__. $ datalad clone riat+file:///store#800467ae-d521-11ea-8bf7-ac1fbbbc444e sub-10.. L dwi/
.Q am S = 05 - $ cd sub-10.. L s
application no. 41655 g E , , . . , , , , # retrieve all of the subjects data from the archives in L —b'c'j.}
1.5 2.0 2.5 3.OIQR 3.5 4.0 4.5 5.0 # the store non—-p1a4s . e
$ datalad get .
ssssssssssssss 8
J it ioe N 1 i i
B | Foto iy 4 ‘?‘ N by i Halchenko, Y. O. et al. §.2021). doi: 10.21105/joss.03262 1
=L T T "I_P B (N c Hanke et al. (2021) doi: 10.5281/zenod0.4773629 © 4
= : © 3 Poldrack et al. (2021). doi: 10.7490/f1000research.1118494.1 E
-g NS 191966 BMBF 01GQ1905 " ..d_’ * Gaser & Dahnke, http://www.neuro.uni-jena.de/cat -I:-;
S NSF 112266 BMBF 01GQI4T1 e 12020 £U3153 12020 EU3153 NAL SCIENCE CENTRE o *Kurtzer et al. (2017). doi: 10.1371/journal.pone.0177459 =



https://github.com/psychoinformatics-de/fairly-big-processing-workflow
https://www.nature.com/articles/s41597-022-01163-2
https://youtu.be/YDtEKUWUPTQ
https://github.com/psychoinformatics-de/fairly-big-processing-workflow/blob/main/bootstrap_ukb_cat.sh
https://www.youtube.com/watch?v=UsW6xN2f2jc
http://datalad.org

