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What is a workflow ... d

Precise

C COVID-19 Pubseq Pangenome  SPECIfiCation Computational data pipelines and analytics,

SRy in a language chain codes, handle data flow, manage
inputs | execution on computational platforms.
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tools, CLI, . ~ - Access EOSC computation
contaifiers, : ®=®  and data infrastructure,
workflows = B ) o
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s < s B P S i processing portability and

— optimisation

Software Execution on EOSC computational
platforms / clouds



Increasing widespread tracking rise in data-driven
reproducible analytics, data processing at scale &
professionalisation of data pipelines.
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Explosion of Workflow Management Systems

1. Arvados - CWL-based distributed computing platform for data analysis on massive data sets. https://arvados org/
https://qithub.com/anados/arvados

2. Apache Taverna http://wwwi.taverna org uk/ httpsy//taverna incubator.apache ora/
60. gsubsec https.//github.com/alastair-droop/gsubsec https://doi,

61. YesWorkflow http://yesworkflow.org
62. gw! - Grid WarkFlow https://github.com/gwlarg/gwf hitp://gwt
b ks httpsy/

3, Galaxy http://galaxyproject.org/

4. SHIWA hittps://www shiwa-workflow eu/

5. Apache Oozie htt|

6. DNANexus htps/
Specification-v1.0.

27. Cosmos hitps://cosmos hn
/2014/07/24/biinformatic
hitp://cosmos.hms harvard

Fireworks. hitp:
£10.1002/cpe 35054

64. NGLess: NGS with less work httoy//naless.rtfd io
7. BiebT hitps 28. Pinball https//github.com; g hitps://gi 95, Cumulus https://github com/Kitwar
{fvewviiodatomit 29 bebio hitps://bcbio-nex9e  gg, cromell htpsy/githy %6 High-performance integrated virtua

8. Agave http://agav

S

Chronas htps://github.cOr g7 pagoban - simple Dac %7 C1oudgene http/cloudgene uibkac

9. DiscoveryEnviront 31 Azkaban httpsy//azkaban  gg ki httpsy/github.co 98. FASTR https//bitbucket org/bigr_er
10. Wings hitp:/fwww  32. Apache NiFi Wtpsi//nifLaps  gg. Clinical Trial Processor 2> BioMake https//github com/evolde
11, Knime https./fwwn 3. flowr (R-based) htip/doc: 70, Noodles hitg//nlesc gi 00. remake https://github.com/richfitz/

34 101, SciFloware http://www-sop.inria.fr/t

Mistral https://github.com,
https://dacs.openstack,org
nipype hitp:/nipy.org/mipy
End of Day hitps://github.t
BioDSL https://github.com
BigDataScript hitp://peings 40
Ommics Pipe: uses Ruffus ht
Ensembl Hive https //githu

. QuickNGS http://bifacility.
GenePattern http://www.bi

12. make, rake, drake,
compiling and pa
supperting paralle
https://code.goog

13, Snakemake htps;

14, BPipe hitp//bpipe

15. Ruffus https://gith

16. NextFlow hitp:/ni

17. Luigi. Python pack
https:/luigi.readt!

18, SciLuigl. Helper lit
/pharmbio/sciluig

Swift & Swit/T http://s
. Consonance (runs Seq!
. Dog https://github.con
. Produce https./github

102. OpenAlea httpy//openalea glorge.in
PradalCohen-Boulakia pdf
103, COMBUSTI/O https://github com/ja
104, BioCloud https://github com/ccwan
. LONI Pipeline hitp://pi 105, iana hitp: nicedaomizt
- Cpipe hitps://github.cc 106, Kepler htps//kepler-project org/
. AWE https://github.cor 107, Anduril http://andurilorg/site/
. (PY)COMPSs https://wyv 108, dgsh http://www.dmst aueb.gr/dds,
. KLIKO https://github.ce 109,
505 Workflow hitps://c
/bty40S hitps:/fdoiorg
XNAT Pipeline Engine |
FXNAT/XNAT+Pipeline
. Metapipe htips.//githu
OCCAM (Open Curatio

B84k

EDGE bioinformatics: Empowering t
http://edge readthedocs.of https://
Pachyderm http.//pachyderm.io/ ht
Digdag https://www digdag.io/

&8k

Chipster http://chipster csc
The Genome Modeling Sys g1,

10.

m,

112. Agua / Automated Genomics Utiliti

113. BioDepot Workflow Builder (BwB) h
/099010

&

19. Luigi Analysis Wor Cuneiform, A Functional W
20. GATK Queue http:

21. Yabi https://ccg.m

&

Anvaya httpi//wwwe.ncbinh
JANVAYA_Main html#HOW

2 Workfl 47. Makeflow http.//cclosend. 84 Copernicus http://www 114. IMP: a pipeline for reproducible reft
seqware Workflow

qusa(\ « 48. Apache Airavata hitp//air2 85, iRODS Rule Language http//r3lab.uni lu/web/imp/ https:/,
| iles to grou

lhzl can be chha‘ 49. Pyflow hitps.//github.comy 86, VisTrails ittps://wwwy 115, Butler https//github.com/llevar/but

50. Cluster Flow http//clusterf 87, Bionode Watermill hity 116- 2dag€ / yadage httpsi/github com,

pipeline/ . ; :
51 Unipro UGENE hitpi//ugen 83, BIOVIA Pipeline Pilotc |17+ HI-WAY: xecution of Scientiic Wor

23, Ketrew https://gitl hitps-//openproceedings.org/2017/

118, OpenMOLE hitps//github.com/ope
fininf 2017.00021

CloudSlang http://www.clo
Stacks http://catchenlab lif

. Dagman A meta-sched
. UNICORE fittps://winw
Leaf http://www.francescor 91, Toil (A scalable, efficier
/BDZKGenomics/toil

24, Pegasus http://pe:
25. Apache Airflow ht
26. Couler hitps://gitt

workflow engines,

A

119, Biopet https://github.com/biopet/b
120, Nephele https/nephele niaid nih.g
121. TOPPAS https://doi.org/10.1021/pri
122. SBpipe https//pdp10.githubio/sbp

amictaols http://omictools

92. Cyle (a workflow engin
93. Autodesk Cloud Comp

Job Description Language.
classified advertisements f
https://edms.cern.ch/uiffile

<

YAWL yet another workfiow language hitps//doiorg/1C

128, GNU Guix Workflow Language https://git roelj.com/guin/qwl gitégn
https//github.com/UMCUGenetics/guix-workflows/blob/master/um

. Porcupine https://timvanm
Pars! (a Parallel Scripting Lil
ECFLOW (Workflow primari
Jecflow+home

132. Ophidia htt;

/ophidia g
Weblicht htjbs Hwellliclits
134. GATE Cloud Attt //Soul

135. SCIPION http://scipion.cob
136. Ergatis htp:aggatis source
137. TIGR "Work
138. Archivematy

standard using gearman/M
Martian http://martian-lang

Biopipe http://vrww biopipt
143. Wildfire http://wildfire bii

BioMoby http://biomoby.o|
SIBIOS http //ieeexplore iee
NGSANE https/github.cor
/NGSANE-a-lightweight-pr
Pwrake https://github.com;
Nesoni https/github.com/
Skam http://skam sourcefor
TREVA http//bioinformatic
EGene https.//wwav.semant

. BioMAJ htf/offoud gt 171 VIPE hty
Conveyor hilg ffc y01 4 o
1230562/ConMyorWwo e 1 sl Bty

160. CoreFlow hitps://www.ncbi.nl
161. dynamic-pipeline https://cod
162. XiP http://xip-hgejp/wikien/!

163. Eoulsan http//wgw @utils.ger
eractive
5. Biol tprfyit oG .

166. SeqPig https:/github.com/H:

170. NG6 http://ng6 toulouse.inra
ww.incogen.con

174. Bioshake https://github.com/

175. SciPipe htip-//acipipe.org

BIOWBI hiipgmine o~y g B & o= | WY @
BioWMS htig//bioi
i et o M et 2 B v

/10.1016/j.commatsci.2015.0¢
178
179
180. Yahoo! Pipes (historical) htps
181,
182
183,

Reflow: a language and runtit
Resolwe: an open source dat:

Walrus https:/github.com/fju
Apache Beam https://beam.a
CLOSHA https://closha kobic

manual-ver1-1-kobic-korean
" b

19565,
/2659/2475637/EuGene-PP
WEP https://bioinformatics
s7-s1

Microbase http://www.mict

154,

155
156. e-Science Central http://wy
157. Cyrille https://bmcbioinfor
158. PaPy httpsy/code google.c

94. Civet NIPS/QIIUD.CO. 123 pray. utp-sieeayitt-(website seems i . oo JODSEOREr Nttps /github.cc

&

Triquetrum hitps://projects.eclipse.org/projects/technol

8

Kronos https://github.com/jtaghiyar/kranas 126

https//github.com/ding:

https//doi.org/10

125. GridSAM httpsy//sourceforge net/projects/gridsam/
Roddy https://github.com/eilslabs/Roddy

127, Sciflo (historical; doesn't seem to be maintained anymore) hitps://web.i
J/sciflo jpl.nasa.gov/SciFlowiki/FrontPage

. This project has received funding from the European Union’s Harizon
Pet S

Y
. WopMars https://github.com
. flowing-clj https:/github.con
. Plumbing and Graph https//1
LabView http://www.ni.com/e
. MyOpenlLab http//myopenla
. Max/MSP https:/cycling74.cc
NoFlo https://noflojs.org/
Flowstone http://www.dsprot

195. STracker https.//jtracker.io/ https://github.com/jtracker-io

196. PipelineDog http://pipeline.dog/ I *
197, DALIUGE httpsy//anxiv.org/abs/17(
198. Overseer https://github.com/fram
199. Squonk https://squonk.it/

200. GC3Pie hitps://github.com/uzh/g:

201. Fre tps://github.cogn/frac
-Etectr
Askl Nt o

204, Eclipse ICE (The Integrated Compt

205. Sandia Analygis Workbench (SAW.

®i67. zymage p.//www-personal
cripting environ
i NS A - otfper\psf/ ol o/

208, NeatSeq-Flow http://neatseq-flov
209. S4M https:/bitbucket org/uqokol

21 t f b e
it % e =gt 2 & 1 g
211, Watchdog - XML Schema-ba 239, Meshroom https://github.cor

https//doi.org/10.1186/512859-0

212, phpfi https://gjghutg®m/phpfio
T S efangs:
s ulio

21
214 Tavaxy: Pattern based workflow sy
215, Ginflow: Decentralised adaptive w
216, SciApps: A cloud-based platform
hittps://Www.sciapps.org/

217 Stoa: Script Tracking for Observati
218, Collective Knowledge (CK) framev
219. QosCosGrid (QCG) http://www.qo
220, High-Throughput Binding Affinity

cybertools/htbac https://aniv.org
. BioWorkbench (Swift-based) http:
. ENVI Task Engine httpsi//gbdxdoc

/Whitepapers/Tabld/2359/ArtMID

engine.readthedocs.io/en/latest/i

NN
NN
BR

~
o

. Pypeline https://github.com/cgar
2

N

4. mpipe http://vmlaker github.io/m

N
M

. idseq-dag httpsy/github.com/cha
226, Piper (based upon GATK Queue) t
227. Apache Object Oriented Data Tec!

HyperLoom https//code itdi.cz/ADAS/loom https//code.itdi.cz/ADA! 2s5g,

. Dask http:/dask pydata

https: b.

Stimela https://qithub.com/SpheMakh/Stimela https:/github.com/S| 260.

017/0: pdf

/~ 2017/wp-c

195. JTracker https/jtracker.io/ https://github.com/jtracker-io

227. pa:;wéb Je(i dri;n ed’D‘alé
228. JX Workflow (DSL for Makefic

/papers/jx-escience-2018 pdi
229. The Adaptable 10 System (AL

/adios
2 epbiges pttgl/bitbuc!
onic R
/examples/README.md

232. Reana https://reana readthed

ij} Suisine Ka kRt pSLiw
344N ':m:t;gm
235. pypeFLOW https.//github.cor
236. Tiny Cloud Engine http://ka.c

240. LSST Data Management http
\ https://github.cor
2f2. cgps //docs.prefectic
243, Apache SCXML engine https
https://commons.apache.org
244. IceProd https://github.com/V
245. AnADAMAR http://huttenhov
246. Luna httpsy//luna-lang.org/
247, Passerelle https://code.goog|
248, Kurator-Akka https://github.c
249, Jug https://doi.org/10.5334/j
250. Node-RED https://nodered.o
251. Databolt Flow https://github.
252. Frictionless Data Package Pip
253
254. Volcano https://github.com/v
255. Dataloint https://datajoint.io,
256. DIRAC3 (LHCb grid software)
257. Orange https://orange biolat
258. Ensemble Toolkit (EnTK) http:

DataFlows https://github.con

/btxd03

261
2

&

263. SecDATAVIEW
heterogeneous
264, Giraffe Toals ht
265. CERAMICCA - ¢
https:/feeramic
266. uap - Universal
data analysis. h

es€a

language/cwiltc

269, CWLEXEC - CW
270. drmr https://gi
271, Autosubmit - a
https://www.bs
https://autosut

27
27
ucible re

Netflix Conduc
Pipengine http:
MyQueue http:
. Drake R packac
. MaDaTS https
279. Cadence hitps;
Merlin https://r
281. Janis hitps.//jar
282, AlphasQL http:
2
284, durabletask htt
285,
286,

&

3. zeebe hitps//g

lumina State L
Mateur http/A
/654974/attach
287. SimStack hitp:/
288, Maestro Workf
289. HyWare https/
290. HyperFlow httg
291. BRANE Framen
292, ApolloWF http:
293, 1S-EPOS Platfor

BioQueue http://www.bioqueuc.uryr inapa.rymi

mir3pipelines https://mlir3pipelines.mir-org.com/
Kedro - Production-Ready Data & ML Pipelines ht!
2. DATAVIEW - DATAVIEW is a big data workflow management system. nttps://github.com/shiyongiu/DAIAVIEW

systems-an:

294. pyinvoke: Pythonic task management & command execution, uses python as workflow language.
http://www.pyinvoke.org/

295. targets R package https://cran.r-project.org/package=targets

296. Compi https://doi.org/10.7717/peerj-cs.593 https://github.com/sing-group/compi https://www.sir

297, Trigg : Event-b. i

298. Google Clou
workflows. https://cloud.google.com/workflows/docs

299. PanDA Workflow Management System: https://doi.org/10.1051/epjconf/201921403050 https://do

01530} 03 hi\s oy /P2QD/ S

ch-Notebooks

301, BD-Processor https:/github.com/big-data-processor/bd-processor/

d Orc of https://github.com/triggerflow/tr

Google Cloud and HTTP-based API services \

: O and

302. redun (yet another redundant workflow engine) https://github.com/insitro/redun

303. pyiron (The materials science IDE) https://pyiron.org/

304. looper (pipeline submitting engine) https://github.com/pepkit/looper

305. dagster (Python based data orchestration platform) https://dagster.io/

306. StackStorm (Devops automation engige) https://stackstorm.com/

stack deep learning workflows) https://esipfed.github.io/Ge

lion engine https://github.com/getpopper/popper

309. Cloud Build: Build, test, and deploy on our serverless CI/CD platform https://cloud.google.com/bu

310. Task/Taskfile: A task runner / simpler Make alternative written in Go https:/github.com/go-task/ta

311. pypyr: task runner for automation pipelines script sequential task workflow steps in yaml conditior
error handling & retries https://pypyr.io/

312. SimTool/Sim2Ls: Jupyter notebook-based pipelines of Simulation Tools for the HUBzero platform |
https://github.com/hubzero/simtool https://simtool.readthedocs.io/ https://doi.org/10.1371/journ

313. SidelO: A Side 1/O system framework for hybrid scientific workflow (no project/source code availab
/10.1016/j,jpdc.2016.07.001

314, Flyte https:/flyte.org/

315. StreamFlow https://streamflow.di.unito.it/

316. Jupyter Workflow https://jupyter-workflow.di.unito.it/

317. Nnodes: a simple workflow manager for Python functions and command line tools https://github.

318. Orchest: A GUI for

319. Wasmflow: platform for building applications out of WebAssembly code containers https://github
Jwasmflow https://wasmflow.com/

320. < platform, high c ing utility for processing shell commands o\
asynchronous queue. https:/doi.org/10.1145/3491418.3535138 https://github.com/glentner/hype

container

running and https://github.com/or¢

321, Covalent: Pythonic distributed workflow tool used to prototype and run high performance classicz
https://github.com/AgnostigHQ/covalent

322. Icolos: workflow manager for structure-based
/lcolos https://doi.org/10.26434/chemrxiv-2022-vqbxg
323. dwork Task graph scheduler with a minimalistic API. https://github.com/frobnitzem/dwork

chemistry https/githul

324. pmake parallel make developed for use within batch jobs https://docs.olcf.ornl.gov/software/work
/pmake.html#workflows-pmake

tutz, Maxim-Mikheev, Michael R..Cruspe; Nebaejsa Tijani¢, Samuel Lampa, et al. (2022): Existing Workflow systems. Common Workflow
Language wiki, GitHub. hiips://s.apache.org/existing-workflow-systems updated 2022-08-30, accessed 2022-08-30.
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https://workflowhub.eu

ay

WorkflowHub

FAIR Workflow Registry

Launched Sept 2020

EOSC service provided by ELIXIR, EOSC-
Life, The University of Manchester

Open Development

This project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No 824087

afyWorkflowHub ~ QBrowse » | Search here Search | %

WorkfiowHub is a registry for describing, sharing and publishing scientific computational workflows.

Click here to see

The registry supports any workfiow Inis native repository. ’ COVID-19 related workflows

WorkflowHub aims to facilitate discovery and re-use of workflows in an accessible and interoperable way. This is achieved through extensive use of open
‘standards and tools, including Common Workflow Language (GWL), RO-Crate, BioSchemas and TRS, in accordance with the FAIR principles.

® o

Discover Contribute About

Latest additions Find content

x X-omics ACTIONdemonstrator analysis workllow
Workllow - added 5 days ago

x IndexReferenceFastant
Workllow - added 22 days ago

= CroMasSt: A workflow for domain family curation through cross-
# mapping of structural instances between protein domain databases
- Archive ouverte HAL

e — alignment Assembly Bicinformatics covid-19
§ < CroMaSt A workflow for domain family curation through cross- CWL Galaxy GATK4 Genomics INDELs Machine

mapping of structural instences between protein domain databeses Learning Metagenomics Nextflow Python ma. ma-seq
workfow - added abos L monih ago RNASEQ SNPs Transcriptomics workflow Workflows

DRC_biochemical_tECBD (Show

Workllo - added about 1 month ago

Integrations
Authentication Ontologies Assign DOIs
=2+ LS LOGIN C DataC|teo
Publish Programmatic access Markup

{jsonapi | P Bioschemas

283 workflows

11 system types

110 teams

103 organisations

360 people



https://workflowhub.eu/

FAIR Workflow registry for EOSC

V)
Workflow-system agnostic

V)
Q Search for and discover workflows

V)
Q Metadata standardization
(CWL, schema.org, custom tags, RO-Crate)

@ DOI publication, citation & credit
@ Collections, Teams, Organizations and Communities
@ Programmatic access: GA4GH TRS API, RO-Crate
@ Registry, not repository
Workflows can live elsewhere, e.g. GitHub

@ Integration with EOSC execution platforms

This project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No 824087

d.WorkﬂowHub Querowse »  + Create - Search here. ——1

& Jupyter Notebook Mutation Free
Energy Calculations using BioExcel
Building Blocks (biobb) version 4 getest-

Eoveniew  @Files  ERelated items

Workflow Type: Jupyter

Mutation Free Energy Calculations using BioExcel Building
Blocks (biobb)

Based on the official pmx tutorial.

This tutorial aims to illustrate how to compute a fast-growth mutation free energy calculation, step by step, using the BioExcel Building

Blocks library (biobb). The particular example used is the Staphylococcal nuclease protein (PDB code 1STN), a small, minimal protein,

appropriate for a short tutorial.

The non-equilibrium free energy calculation protocol performs a fast alchemical transition in the direction WT->Mut and back
Mut->WT. The two equilibrium trajectories needed for the tutorial, one for Wild Type (WT) and another for the Mutated (Mut) protein
(Isoleucine 10 to Alanine -110A-), have already been generated and are included in this example. We will name WT as stateA and Mut as
stateB.

wild Type (WT) Mutant (Mut)

54 SN 54 >

% %

M

SEEK ID:

DOI: 10.458546/workflowhub workflow. 55, 4‘* .
Versions &
Version Histo
4 status
Version 4 (latest) Created 16th Sep 2022 at 10:35 by Genis Bayarri

Update to BioBB 3.8.%. taken from Git commit 520069

@ Hep - & My ltems A& Finn Bacall -

() viewon GitHub [ Request Contact (g Subscribe | {&} Download RO Crate

Authors &
Credit

@ Creators and Submitter

Creators

& Genis Bayarri, § Adam Hospital
Submitter

& Genis Bayari

Discussion Channels

BioExcel Workllows
Tutorial
Documentation
Saurce Material

Launch on MyBinder

Gitation Scopy

Bayari, G., & Hospital, A. (2022).
Jupyter Notebook Mutation Free
Energy Caiculations using BioExce!
Building Blocks (biobb).
‘WorkflowHub. https://doi.org
110.48546
s o GALTAE OW.55.4

Citation &

License

License

'sociatit v

deorkﬂowHub



This proj
2020 reseca

Workflow-system agnostic

Import from native repositories

Git integration

Versions, any stage of development

Automated metadata extraction
Include documents, test data

ject has received funding from the European Union’s Horizon
rch and innovation programme under grant agreement No 824087

d
QGitHub Ay O git

Snakemake workflow catalog nf-core :5

J).

IWC - Intergalactic Workflow Commission

= Galaxy
PROJECT

‘0_ %”\

WorkflowHub




Helping EOSC communities
make FAIR workflows

This project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No 824087



Supporting workflow communities in EOSC

afsWorkflowHub ~ QBwnse -

Teams
Query

Search here.
Created At

Any time
Space
Independent Teams
COVID-19 Bichackathon
Australian BioCommons
BioExcel
EOSC-Life
ELIXIR

+ Create ~

Search here.

95 Toams found

Default Condensed Table

AGRF BIO

Search &

|

AGRF
- Space Indapendent Teams

Applied Computational Biology at IEGHMGU

The AGH

- dsopinas,

Space Independent Teams

nitps
Iappiied-computatonas-biology
Australian BioCommons
= Space: Australian BoCommons
Public web page: s /i bIocommons org s
AyLab

or b

- rogate between the
Space Indspendent Toams
Public web page it /v | oty

BioBB Building Blocks

& The Biok:

This project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No 824087

©Heip~  WMylems [ Carolo Goble +

© New Team

i Tide(A-Z) v,

afsWorkflowHub ~QBowse-  HCeste - Seacniee Search

=%l Ereely accessible ready to use

global infrastructure and workflows for
SARS-CoV-2 monitoring

Eoverview  iE Related items

The COVID-19 pandemic is the first global health crisis to occur in the age of big genomic data. Although data generation capacity is wel established and
suffcently standarcized, analytical capacity s not |‘n ‘establish analytical capacity it is necessary to pull together global computational resources and deliver the
best open source universally accessible resource. Such a resource should not be controlled by a single
research group, institution, or country. Instead it should be ity of users who ensure that the system remains

operational with current tools. A yis alsa essenti 'Iarlir.i\htmgmetvpesofﬂlsowrsemededhmhbes}anﬂwdpmd\m
Bringing together public compatational research infrastructure from the USA, Europe, and Austraa, we developed a distrbuted data analysis pat

goals. It i accessible the world and is designed for the analy: pidly growing collections of
datasets. We demonstrate its ulility by detecting allelic variants in high-quality existing SARS-Cov-2 d and by of COG-

UK data.

“\esclu’mﬁ: publication asﬂumd to IhE warkflows in this collection can be currently accessed as preprint. All data and documentation is available at the
project hi
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