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Workflow 1: Dataintegration & harmonization
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Long-tail data:

small, tabular, site-based datasets

collected by individual researchers

often different in formats, units, semantics etc.
little data curation and mostly not shared

but contain very valuable information

Trait data integration workflow:

harmonizes quantitative individual-level plant trait
data

captures data from heterogeneous sources
(taxonomic revisions and ecological datasets)
standardizes data using terms from existing
ontologies



Workflow 1: Dataintegration & harmonization
| e

Trait measurements ata Ontologies
in spreadsheets vider
Spreadsheets from taxonomists and Capturing trait measurements from the field or o E-
ecologists herbarium specimens ?
Traits:
Cotmn Metadata forms TOP, TO
Herbari |Country [Plheigh |Stemhei [Stemdia [[Sheathl Rwh“dm |‘ - ’—‘ ETS, Dwe
ny panama 2 sproadsh -
ny panama 4 Thesauri
ny panama 3 0.95 20
ny panama 5 1.13 23
mo panama 3 0.68 =
mo panama 2 0.68 16.5 T ot standardication
mo panama 4 0.89 Column heacer AL GBIF
V||
Loop for
Dlongitude [Elevation [Sex Stemheight |Stemdiameter |Petiole ey Kew
102.4 300 0.8 0.52 15 w}m o tabl format 'Tld .
114.18 pistillate refarance systom
pistillate 0.4 8.7 Stem height . epsgio”
sterile 5.7 -
s = o
114.13 staminate
114.16 pistillate 0.87 10 Stem diameter Core table . % s
105.21 pistillate o I
108.31 372]sterile 1.5 45 « R B
106.25 pistillate 325
105.21 staminate I 1_1 1_1
Taxon Measurement or Occurrence
extension Fact extension eﬂéﬁion

Lenters et al. 2021 Ecological Informatics




Workflow 1: Dataintegration & harmonization

Trait measurements Data Ontologies
in spreadsheets provider
- [ .
ntologies 1or traits Additional metadata standards Y
Traits:
Metadata forms TOP, TO
Column -
headers. |\ [ Metadata:
Home Terms~ Guides~ Raw ETS, DwC
Top spreadsh
¥
1 Thesauri
HOME | FACETED SEARCH | HIERARCHY SEARCH | INDEX SEARCH | REFERENCES | API | ADMINISTRATION Da rWI n Core
A Thesaurus of Plant Characteristics for Ecology and Evolution Darwin Core is a standard maintained by the Darwir = Maintenance Inter up. It includes a glossary of terms (in other
TOP, a Thesaurus Of Plant characteristics, defines standards for a functional approach to plant diversity by stabilizing the terminology for contexts these m‘ght be called propeme; e\ements, ﬁe‘dsr Co‘umnsr att”bmesf or concepts) intended to facilitate the Sha”ng of
concepts widely used in ecology and evolution. TOP provides names, definitions, formal units and synonyms for more than 700 plant information about biological diversity by providing identifiers, labels, and definitions. Darwin Core is primarily based on taxa, their -
characteristics: plant traits and environmental associations. . i
occurrence in nature as documented by observations, specimens, samples, and related information.
TOP can be searched via : Data integration
, filtering the available information by grouping terms into facets Table formatting Taxonomic
, providing a tree that progressively unfolds and a search field where terms or TOP identifiers can be entered d int ti standardization
, a complete alphabetical list of all concepts defined in TOP and Integration
" Column header J{BBIF
Ecological Trait-data Standard abulary  iAbout standardization

1 E l [ {T -t-d ta St d d "‘;32,;"’ ;
Plant Trait Ontology cological Irait-data standar Kew

dataset
Florian D. Schneider, Malte Jochum, Gaétane LeProvost, Caterina Penone, Andreas Ostrowski, Nadja K. Simons l .—'
v0.10, released: 28 March 2019 Wide to long table format Coordinate
V b { reference system
| = ocabulary —

epsgio

This defined vocabulary aims at providing zll essential terms to describe datasets of functional trait measurements and facts for ecological p i
research.

= Sowmiead & Snseay Fonepase

A controlled vocabulary to describe phenotypic traits in plants.

» standardized trait names, metadata information and unambiguous identifiers (URI) -ﬁ‘o Sl

for each term ——— -

Taxon Measurement or Occurrence
extension Fact extension extension

VI ®

Lenters et al. 2021 Ecological Informatics




orkflow

Name (dataset provider): Guilherme Elias

Date (dd/mm/yyyy): 20/04/2020
Dataset name: Arecaceae#l
Reference: Elias, G. A., Colares, R., Antu...

D Decimal degrees

D Degrees-minutes-seconds

UT™

verbatimCoordinateSystem:

verbatimSRS: SIRGAS 2000 / UTM zone 225

LivingSpecimen
PreservedSpecimen
basisOfRecord:

FossilSpecimen

HumanObservation

O000w®

MachineObservation

Data integration & harmonization

Metadata form

Quantitative traits Fillin ¥ (name) Fillin ¥ (unit)
Plant_height H m
Stem_length
Stem_width Tree Girth cm

Leaf_sheat_length
Petiole_length
Petiole_thickness
Peduncle_length
Peduncle_width
Distance_scar_bracteole
Prophyll_length
Peduncle_bract_length
Apical_leaflet_length
Apical_leaflet_width
Apical_leaflet_angle
Apical_leaflet_vein_count
Basal_leaflet_angle
Basal_leaflet_length
Basal_leaflet_width
Median_leaflet_length
Median_leaflet_width
Leaflet_number

Taxon
scientificName
genus
specificEpithet
infraspecificEpithet
originalNameUsage
morphotype
verbatimTaxonRank

Measurement or Fact

measurementDeterminedDate
measurementDeterminedBy

Occurrence
identificationID
recordNumber
institutionCode
verbatimLatitude
verbatimLongitude
verbatimElevation
country
stateProvince

Fillin §
Species

Fillin &

Fillin §

Trait measurements Data Ontologies
in spreadsheets provider
JJ I . I .
Traits:
Metadata form: TOP, TO
Column .
headers. [ 1 Metadata:
ETS, DwC
Raw
spr h
¥
Thesauri
==
Data integration

Taxonomic
standardization

1L GBIF

Table formatting
and integration

Column header
standardization

Loop for 2309,
| [ Kew
| —
Wide to long table format Coordinate
I—I reference system
| epsgio”

|

Core table 8 a

a g ®

5 £ 2

3 -

= 1 =l

o Q

& S E g

Taxon Measurement or Occurrence
extension Fact extension extension

Lenters et al. 2021 Ecological Informatics



Workflow 1: Dataintegration & harmonization

.
I h eS au r I Trait measurements Data Ontologies
in spreadsheets provider

& T

Metadata form 1 Metadata form 2 - o |
Quantitative traits Fillin & (name)  Fill in & (unit) Taxon Fillin & Quantitative traits  Fillin & (name)  Fillin 3 (unit) Taxon Fillin 8 headers |‘ ' I:I Metadata:
Plant_height H m genus Plant_height genus Raw ETS. Dwe
Stem_length species Species Stem_length Stemheight m species Species -
Stem_width Tree Girth cm infraspecificEpithet Stem_width Stemdiameter cm infraspecificEpithet %:E'
Leaf_sheat_length Leaf_sheat_length
Petiole_length Occurrence Fillin & Petiole_length Occurrence Fillin &
Petiole_thickness institutionCode Petiole_thickness institutionCode Herbarium

verbatimLatitude Y verbatimLatitude -

Measurement or Fact Fillin 8 verbatimLongitude X Measurement or Fact Fillin & verbatimLongitude —
measurementDeterminedDate verbatimElevation measurementDeterminedDate verbatimElevation Data integration
measurementDeterminedBy country measurementDeterminedBy Collector country Table formatting Taxonomic

and integration standardization
I S, QGBIF

| —~ Rt L

Loop for K e
i eW
Metadata thesaurus ‘ ‘ Units thesaurus } ==
Spreadsheet: 1 2 Spreadsheet: 1 2 — Coordinate
. i N reference system
Plant_height H Plant_height m | I—I .
Stem_length Stemheigth Stem_length im ;» Cpsg.lo
Stem_width Tree Girth Stemdiameter Stem_width cm icm
Leaf_sheat_length Leaf_sheat_length i
Petiole_length Petiole_length i
Petiole_thickness Petiole_thickness : -
. Core table 2 a
genus a 8 3
species Species Species o g E E
infraspecificEpithet . '_\w E §
measurementDeterminedDate
measurementDeterminedBy Collector 1—1 I ‘_1
institutionCode Herbarium
n . Taxon Measurement or Occurrence
verbatimLatitude Y extension Fact extension extension
verbatimLongitude X
verbatimElevation \W
country

Lenters et al. 2021 Ecological Informatics



Workflow 1: Dataintegration & harmonization

Tr:'sii measurements Da_la Ontologies
in spreadsheets provider
& T
¥ Traits:
——— Metadata forms TC;: ?ﬁ
scientificName verbatimTraitName traitName traitValue traitUnit traitlD taxonlD measurementlD  occurrencelD :‘::;::‘r’; H
Syagrus romanzoffiana Tree Girth Stem_width 76 cm http://purl... 1 NA 1 | :Féﬂgl-
. . . . R
Syagrus romanzoffiana  Tree Girth Stem_width 60 cm http://purl... 1 NA 1 Tralt data mOblIlzatlon . spreadsh ‘—y—’_l
Syagrus romanzoffiana Tree Girth Stem_width 87 cm http://purl... 1 NA 2 H - H ¥
Syagrus romanzoffiana H Plant_height 1300 cm http://purl... 1 NA 2 > 138’993 IndIVIdua‘I tralt Thesauri
Syagrus romanzoffiana H Plant_height 800 cm http://purl... 1 NA 2 measurements for 50
Syagrus romanzoffiana H Plant_height 1300 cm http://purl... 1 NA 2 . . .
Rhapis evansi Stemheight Stem_length 80 cm http://purl... 2 1 3 Standardlzed tralts Coverlng
Rhapis evansi Stemdiameter Stem_width 0.4 cm http://purl... 2 1 3 551 unlque palm Spec|es b ; ;
Rhapis excelsa Stemheight Stem_length 150 cm http://purl... 3 2 4 0 ata integration
Rhapis excelsa Stemheight Stem_length 250 cm http://purl... 3 2 4 (22 /0) Table formatting Taxonomic
Rhapis excelsa Stemdiameter Stem_width 0.87 cm http://purl... 3 3 5 and integration Sta“:ard'zam“
Rhapis excelsa Stemdiameter Stem_width 1.36 cm http://purl... 3 3 5 f.:',:'d':"m:':;?:,: J\BBIF

Loop for

s Kew

l dataset

Extension tables T P
-

Occurrence Measurement or Fact €PSg10
measurementlID o -
: measurementDeterminedBy <« o
Royal Botanic Gard o basisOfRecord Taxon Measurement or Occufr::t
I ‘ e-w extension Fact extension extension

Lenters et al. 2021 Ecological Informatics
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Workflow 2: Automated data streams

ECOLOGY LETTERS [for Ry

SYNTHESIS

Towards the fully automated monitoring of ecological communities

1.2 4

| Thomas E. Gorochowski'* |
| Hjalte M. R. Mann™ @ |

Marc Besson | Jamie Alison™ | Kim Bjerge®
Toke T. H;f)ye‘]‘7 | Tommaso Jucker'

Christopher F. Clements'

Automated biodiversity monitoring:

* (nean)real-time observations

« sampling of remote areas and at unfeasible times

» high-frequency observations without observer
disturbance

Monitoring
steps

1. Data collection

3. Knowled ge extraction Computer audition & VISIO'I"I packages
Machine learning

Traits Abundances
Behaviour Ph)(/»sif"OQV x 15
7/& M” Velocity 4‘ x9
® ®
Vi ™ xa8

Distributions Interactions
& 7
s ® @do®

Automated
technologies

Acoustic wave recorders

Chemical recorders
Electromagnetic wave sensors
Sensor networks
Wireless sensors




Workflow 2: Automated data streams

'rf/__/\\/ Insect cameras Automated Moth  Wildlife cameras AudioMoth Bird radar ~ Aeroecology
e N : Trap " Cam
7~ N -
//‘ (\.32,.1,, S
| Emmon
/'“Q/@md
/O m" W\obrlmd \/ Enschcdc
A il Gnrecht €66 N';.;;; Autonomous deployment of sensors
D 50 I « Power supply:
“‘ Ej; o solar panels (12V/50-60W/100W) & batteries
| g 5 I\'Ie‘n‘llo Dusseldorf (AA or 12V)
GT; mﬁ;ﬂen . WA\ »‘:Z:ngen o main power (230 volts AC, 200-300 W)

 Data transmission:

(J’a 4G (SIM cards) l';_'-\\
« wired network

F)LRXDEE

%') arise-biodiversity.nl

ARISE monitoring demonstration sites: https://www.arise-biodiversity.nl/teammonitoringdemonstration



https://www.arise-biodiversity.nl/teammonitoringdemonstration

Workflow 2: Automated data streams

Number of devices Data volume

~ 2.5 months/device
~ 1 Mio images
~ 715 GB

10 x DIOPSIS insect cameras

~ 6 months/device
~ 770,000 images
~ 452 GB of data

47 x wildlife cameras

~ 5.5 months/device
~ 6,000 audio files
~ 16 TB of data (compressed)

26 x AudioMoth

~ 1 year

~ 26 TB raw data

~ 0.5 TB derived data
(signatures, thumbnails, PDP
+ MSSQL database)

1 x Birdscan MR1 Radar

ARISE monitoring demonstration sites: https://www.arise-biodiversity.nl/teammonitoringdemonstration



https://www.arise-biodiversity.nl/teammonitoringdemonstration

Workflow 2: Automated data streams

0 Digital sensors e Data transfer 9 Data upload @ Data management e Data archiving

vM| ARISE MDS
==|Virtual Machine

D,
data archive

Automatic transmission Handled by device Handled by VM

iﬁiil

‘

Manual download Handled by local software for managing data download and upload Handled by VM

©)

\ 4

ﬁi 1

Metadata
- from digital files (date, time,
model, size etc.)
- from user (site, location,
device ID, height, LAT/LONG
etc.)

Smart devices API call handled by device, data upload handled by VM

ARISE monitoring demonstration sites: https://www.arise-biodiversity.nl/teammonitoringdemonstration



https://www.arise-biodiversity.nl/teammonitoringdemonstration

Workflow 2: Automated data streams

0 Digital sensors e Data transfer 9 Data upload @ Data management e Data archiving

vM| ARISE MDS
==|Virtual Machine

D,
data archive

Handled by device

Manual download Handled by local software for managing data download and upload

Smart devices API call handled by device, data upload handled by VM

ARISE monitoring demonstration sites: https://www.arise-biodiversity.nl/teammonitoringdemonstration
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Workflow 2: Automated data streams

Remote monitoring of sensor performance

Oct 30 Mov 6 MNow 13 Mov 20 Maow 27 Dec4 Dec 11
2022

(Near)real-time data viewing

Battery usage

ifecameral files 100

Show search tools

1

a0

Battery %

20

Date

Pictures taken

B images ransmitted

50 —— Daily report

T : - s B ' ;

. " . < o [ o . . 20
GP_1_27052022_wildlifecamera1_2022-12-09_10-43-11_(18P_1_27052022_wildlifecamera1_2022-12-09_10-43-07_(113P_1_27052022_wildlifecamera1_2022-12-09_10-41-42_(2)

20

Mumber of pictures aken

10

Dec 11

Date

ARISE monitoring demonstration sites: https://www.arise-biodiversity.nl/teammonitoringdemonstration
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Workflow 3: Big data processing

Cell Remote sensing data with 3D information:
REVIEWS T« large data volumes (e.g. multiple terabytes of raw
data)

Standardizing Ecosystem Morphological Traits * many software tools are not open-access
from 3D Information Sources « processing requires a high degree of

specialization

R. Valbuena,'#314*@ B O’'Connor,' F. Zellweger,>* W. Simonson,’ ° Vel’y important because they prOVide 3D

P. Vihervaara,® M. Maltamo,® C.A. Silva,”® D.R.A. Aimeida,” F. Danks,’
F. Morsdorf,’® G. Chirici,'" R. Lucas,'® D.A. Coomes,? and N.C. Coops13

Vertical distribution

Forest height

measurements of ecosystem structure

(a) Forests (b) Agricultural and open (c) Reedbeds and
: landscapes marshlands
Tree species Canopy openness = t ed
S orest edge
Hedges > =

/ Reed and shrub density
. [ ]
Fields Reed height

N

I A

Horizontal distribution

Kissling et al. 2017 Research Ideas and Outcomes



Workflow 3: Big data processing

LIiDAR (a) LiDAR sensors Recording Point cloud
nght .Detec.tlon And ) / Airb Full waveform Discrete echo Low point High point
Ranging (LIDAR) Sfte"'te - rbome. 1‘ density density
) aser Laser <o ./ & N
technology provides Scanning Scanning 4 ——
3D point clouds of = (
vegetation, terrain 5
. ' ©
and infrastructure g <
. . =
from which metrics of e .
ecosystem structure Q
can be derlved. Large footprint Small footprint Amplitude
) ] Cover Height Horizontal variability Vertical variability
LIDAR metrics (e.g., canopy cover, (e.g., mean, maximum) (e.g., canopy height (e.g., Shannon evenness,

heterogeneity) Foliage Height Diversity)

penetration ratios)

Statistical properties
of 3D point clouds
characterizing
vegetation structure

Bakx et al. 2019 Diversity and Distributions



Workflow 3: Big data processing

SoftwareX 12 (2020) 100626

Contents

lists available at ScienceDirect

SoftwareX

journal homepage: www.elsevier.com/locate/softx

Original software publication

Laserchicken—A tool for distributed feature calculation from massive

LiDAR point cloud datasets

C. Meijer **, M\W. Grootes?, Z. Koma”, Y. Dzigan *, R. Goncalves?, B. Andela?,
G.van den Oord?, E. Ranguelova?, N. Renaud ?, W.D. Kissling

? Netherlands eScience Center, Science Park 140, 1098 XG Amsterdam, The Netherlands
® Institute for Biodiversity and Ecosystem Dynamics (IBED), University of Amsterdam, P.0. Box 94240, 1090 GE Amsterdam, The Netherlands

Module: Filter

H

: v
Environment —I

Check for
updates

Module: Features

Enriched
targets
Paint Cloud

=

Environment _l_ismf ]
LASILAZIPLY Point Cloud neighbours
file ) Y
Module: Load L :
Maodule:
Targets Normalization
LASILAZIPLY Module: Compute neighbors
file Targets ———
Point Cloud

Meijer et al. 2020 SoftwareX

l

Module: export

Laserchicken software:
« cross-platform Python tool for extracting
statistical properties of 3D point clouds
« free and open-source software (FOSS)
« designed for efficient, scalable, distributed
processing of multi-terabyte datasets

Table 1

Features currently implemented in Laserchicken..
Feature name Formal description Example of use References
Point density ’\“— where V is the target volume or area  Point cloud spatial distribution
Pulse penetration ratio E,ﬁ%:‘ﬂ Tree species classification [17]
Echo ratio 100- % Roof detection [18]
Skewness "i, -y %Z] Vegetation, ground, and roof classification and detection  [19]
Kurtosis £ A Vegetation, ground, and roof classification and detection  [19]
Standard deviation Classification of reed within wetland [20]
Variance Classification of reed within wetland [20]
Sigma Z /> +—— where R; is Adapted from [20]

the residual after plane fitting
Minimum Z Zmin Simple digital terrain model in wetlands [20]
Maximum Z Zmax Height and structure of forests [21]
Mean Z Nl -3z Height and structure of forests [21]
Median Z Zmedian Height and structure of forests [21]
Range Z 1Zmax — Zmin! Height and structure of forests [21]
Percentiles Z Height of every 10t percentile. Height and structure of forests [21]
Eigenvalues Ars Az Az, with [A4] = [A2] = |As] Classification of urban objects [22]
Normal vector eigen vector vy Roof detection [23]
Slope tan(arccos(v; - E)). where k = 0,017 Planar surface detection [24]
Entropy Z — ¥ Pi - log, Py, with P; = TN‘N Foliage height diversity [25]
and N; points in bin i ’

Coefficient variance Z Urban tree species classification [8]
Non-ground density absolute mean Urban tree species classification [8]

Band ratio

% with Z; and Z; provided by user

Height and vertical structure of vegetation
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Laserfarm — A high-throughput workflow for generating geospatial data
products of ecosystem structure from airborne laser scanning point clouds

W. Daniel Kissling ™ b,* Yifang Shi™ b Zséfia Koma™°, Christinan Meijer 4 ourKxu,
Francesco Nattino !, Arie C. Seijmonsbergen , Meiert W. Grootes ¢

Laserfarm workflow:

High Performance Computing (HPC) workflow for
processing multi-terabyte LIDAR point clouds
Deployable on various computing infrastructures
(e.g. cluster of virtual machines, cloud computing
environments)

Free and open-source software (FOSS) tool
Implemented in Python and available as Jupyter
notebook

Kissling et al. 2022 Ecological Informatics
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WOrkfIOW 3 B|g data. pI’OCGSSing Microsoft Azure Cloud

Laserfarm workflow tested on multiple IT infrastructures and platforms sl Vicrosof

Ml Azure

SURFsara HPC Cloud and Grid

’ B ‘ e —— : LifeWatch
, SARA 4 High Performance Computing & data :
| Infrastructure for science and industry = =
- \ — = ® ——
= ‘ : — LifgWtch =
https://www.surf.nl/en/about-surf/subsidiaries/surfsara/ — ——
HPC Cloud Data storage (dCache) L J_\
» Cluster . .
. Multi-core « Distributed data storage SURFsara Spider
system

processors for
multi-threaded
applications

* Fast network for
distributed memory
applications

* Cluster of machines that
mimics a large disc
« Data storage: 100 TB

Kissling et al. 2022 Ecological Informatics
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Workflow 3: Big data processing

Data products of ecosystem structure:

« 10 m resolution raster layers of ecosystem
structure

« 25 LIDAR metrics of ecosystem height, cover
and structural complexity

* GeoTIFF files

« can be readily used by ecologists in a geographic
information system (GIS) or analytical open-
source software such as R

Contents lists available at Sciencalirect

Data in Brief

journal homepage: www.elsevier.com/locate/dib

Data Article

Country-wide data of ecosystem structure
from the third Dutch airborne laser scanning
survey

W. Daniel Kissling2P+ Yifang Shi*?, Zs6fia Komaa<,
Christiaan Meijer?, Ou Ku®, Francesco Nattino®, v v ‘
Arie C. Seijmonsbergen?, Meiert W. Grootesd Ecosystem height (2014-2019) Ecosystem cover (2014-2019) Ecosystem structural complexity (2014-2019)

95th percentile of normalized height (m) Pulse penentration ratio Shannon index
AUniversity of Amsterdam, Institute for Biodiversity and Ecosystem Dynamics (TEED] PO. Box 94240, 1090 GE
Amsterdam, The Netherd ands

b ifeWWaich ERIC Virtwal Loboratories and Innovations Centre (VUIC), University of Amsterdam Famulty of Science,
Science Park 904, 1098 XH Amsterdam

CAarhus University, Department of Biology, Center for Sustainable Landscapes Under Global Change, Ny Mun kegade
116, 5000 Aarhus C Denmark

4 Netherlands eScience Center, Science Park 402 (Matric [T}, 1098 XH Amsterdam, The Nethedands

Kissling et al. 2022 Data in Brief
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Notebook-as-a-VRE (NaaVRE): From private notebooks to a
collaborative cloud virtual research environment

Zhiming Zhao'*® | Spiros Koulouzis'?® | Riccardo Bianchi'? | Siamak Farshidi'® |
Zeshun Shi'® | Ruyue Xin'® | Yuandou Wang!® | Na Li'® | Yifang Shi**® |
Joris Timmermans?3© | W. Daniel Kissling?*

Notebook-as-a-VRE:

* building a VRE by extending the notebook
environment of end-users

« current design based on Jupyter, but other
environments (e.g. R-Studio) can also be
considered and supported

Zhao et al. 2022 Software: Practice and Experience




Virtual research environments

NaaVRE

Component containerizer

» turns cells of python code
into standardized RESTful
APl services and Docker
containers to make them
reusable (FAIR-CELLS)

[ ,@ Client side (e.g. Jupyter environment

System architecture of NaaVRE

, Y ( Notebook-as- )|
. AVRE knowledge Distributed Distributed a-VRE \
: base | Workflow bus VRE ledger dashboards ): '

Experiment manager

» provides a workflow of
services with customized
data flow and data input

= Semantit? _ Remote Provenance/ eScience NaaVRE
i = search engine infrastructure Log explorer DevOps i > Services
. automator : ’ Market place

Component
Contalnerlzer AA

Experiment Distributed Data
manager mesh ./

1
4

....................................................................................................................

Remote infrastructure automator

» automates the workflow execution on
remote cloud environments (e.g. container workflow (centralized option = WebDAV,
deployment and workflow scheduling) decentralized option = IPFS)

Distributed Data mesh
» supports data management in the

Zhao et al. 2022 Software: Practice and Experience
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