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What'’s in this talk... “DARE

DARE Objectives and Provenance Challenges

Active provenance for Data-Intensive Workflows
(Use Case in Seismology)

Provenance-aware Workspaces

Conclusions



_ Capacity to deal with data complexity

DARE
Delivering Agile Research Excellence on European e-Infrastructures

Working environment for professionals wrestling with
challenges involving complexity of methods and data

P‘QQ\\C;?;)\(-\:\ oo |' Scientkists,
R < System & Data Engineers => Research Developers => Domain Expert
.ohvie“a\:“\"g%o& Research developers, _
S 4 A - Mapping between abstract methods and concrete
T applications executed by different enactments seamlessly

00"
Data engineers

- Validation and Traceability of runs and products:

o, % diagnose, monitor, reuse
e .. - Organisation of campaigns reusing data and methods
LI from multiple runs
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- Driven and Evaluated by communities EP iS-enes

EUROPEANPLATEOBSERVINGSYSTEM

Accelerate productivity of expert teams.
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Data Lineage

Lineage is DATA (Retrospective Provenance)

- Data's origins, what happens to it and where it moves over time

» It may include technical metadata: quality test results, reference values
» Ability to trace errors back to the root cause.

» Integrated in workflow systems to trace the data via various changes

- |ts volume depends on its scope!
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Data Lineage

Lineage is DATA (Retrospective Provenance)

- Data's origins, what happens to it and where it moves over time

* It may include technical metadata: quality test results, reference values
- Ability to trace errors back to the root cause.

* Integrated in workflow systems to trace the data via various changes

- |ts volume depends on its scope!

Challenges in Data-Intensive workflows:

Granularity: provenance information can be too coarse or too detailed.
Intermediate Data can be Materialised, as well as Volatile (streaming).

Precision: detailed capturing of data derivations in parallel operators
(what input data contributed to what output).

Relevance: how to manage domain and application specific properties?

Reuse: lack in validation and understanding of the computational method =>
ineffective reuse of results. (Reproduce vs Reuse battle !?)



S-PROV Lineage Model for Stateful Operators
built on ProvONE and W3C PROV

https://purl.dataone.org/provone-vi-dev
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Agents [ varComponent Y

Abstract WF Components : Operators’ Stateful Data

|
prov:itype  s-prov:Comporiént <var:StateDataOld

tmpl:linked var:ComponeniInstance

R—

’——‘—ﬁ\
. prov:tyi)e s-prov:StateData
var:DataGranule tmpl:liriked var:DataGranuleS

wasGeneratedBy fwasDerivedFrom

prov:type s-prov:Data

d-prov:port var:ip var:StateCollection

var:Invocation

wasDerivedFrom

prov:startTime 1970-01-01T01:00:00+01:00
prov:endTime 1970-01-01T01:01:00+01:00
prov:type s-prov:Invocation

Entities and Collections

prov:type s-prov:Data
d-prov:port var:op
tmpl:linked var:DataGranule
tmpl:linked var:Dataln

prov:type s-prov:DataGranule
var:term_var:n

prov:type s-prov:StateCollection

var:DataOut d-prov:port var:ip

Component Componentinstance Invocation

[1
A t actedOnBehalfOf i
gents ,
. prov:type s-prov:StateData )
Concrete Opera tors var:ComponentInstance I mpllinked varDataGranules / var.DataGranul@

[1

| /asDeva
[1

—— prov:type s-prov:Componentinstance ' rovitype s-prov:DataGranule
var:Dataln Qar;c omponentParameters > prov:atLocation var:worker 0 var:StateData wasAttributedTo \I:ar-t.en};l vrfr-f '
— _ tmpl:linked var:Invocation Il ' -
[1
used  wasAssociatedWith fused Il hadMember

[1

var:IntermediateStatefulOut

https://gitlab.com/project-dare/s-ProvFlow/

Il I I B N BN EEEE N

I—L
|
|
|
|
|
|
I3

le
| i
|
|
|
|
|
I

Spinuso, A, Atkinson, M & Magnoni, Active provenance for Data-Intensive workflows: engaging users and developers.
IEEE eScience 2019 proceedings. Bridging from Concepts to Data and Computation for eScience (BC2DC’19) Workshop
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https://purl.dataone.org/provone-v1-dev
https://gitlab.com/project-dare/s-ProvFlow/
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Contextual Metadata
Data Collections and Granules

[ | —
— C—
S —_—

——

< var:DataGranule 5

/

var:Invocation

—— -

wasGeneratedBy \wasDerivedFrom adMember S

seis:network: |V . .
prov:type: synthetic-waveform Domain properties

var:DataOut> s ‘lonqitude:
- e seis:longitude: 13.31229 User’s Context

se!s:calib: 1
: seis:npts: 20000 (eg Seismology)
|
|

seis:station: GUAR
seis:startTime: 1969-12-31T23:59:57.997502Z

seis:delta: 0.01

seis:latitude: 41.7945

seis:sampling_rate: 100

seis:endTime: 1970-01-01T00:03:17.987502Z
sensor_type: acceleration (user defined)
seis:.channel: HXE

location:file://IV.GUAR.HXE.acceleration.png
format:image/png

port:output
1d:063-29599-adde4f14-7c01-11e

Common Metadata Baseline
for Data collections




dispel4py: Data-Intensive processing

Automation ’

Automates pipeline executions
Concurrent, distributed computations
Stream-based model

Mapping (_
Sequential
Multiprocessing
MPI
Apache Storm
Apache Spark (Prototype)

. Workflow Composition

Python Library
Groupings

‘ Optimisation

Multiple streams
Avoids |/O operations

JARE

Key-features: Automatic parallelisation/mappings, concurrent & stream-based, configurable provenance

https://gitlab.com/project-dare/dispel4py
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Provenance Configuration
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Provenance
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~ 0

[l

Apply

. : Monitor
configuration

N\ Validate

Execute

Reusable

Provenance Type

Domain Metadata

Contextualisation Types

[: SeismoType J

[ NetCDFType :]

C—

é\/ Precision of Data Derivations

Pattern Types

g :\ [ SinglelnvocationFlow :]
[ AccumulateFlow J
[ SlideFlow :]
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Active Provenance Capturing

Provenance Configuration

Domain Metadata

Contextualisation Types

[: SeismoType J

. ’ -
. Formulate i AbDI
Specif ¥ | Configuration confi pSthion Monitor
Workfiow [ —— ° e Validate
types, clusters, | I NetCDFType
[ sensors,.. ! Execute
: .
[ . \
- . é\/ Precision of Data Derivations
[
[
c t i Provenance \I > Reusable Pattern Types
omponen Type ly Provenance Type
: i [ SinglelnvocationFlow ]
- >
I Il B B B = .
[ AccumulateFlow J
Research Developers
* Develop libs of ProvenanceTypes for Contextualisation and Precision
[ SlideFlow ]
Scientists (Workflow Users)
« Combine and Assign ProvenanceTypes to WF Functions ~ R
* Enrich descriptions with semantic tags ASTGrouped
_ y
System Managers g A
- Selective Lineage activation to narrow the focus of the lineage (metadata values-range) Nby1Flow )
\_

* Tune the impact of provenance on the infrastructure (real-time systems)
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Test Case:
Seismic Rapid Assessment

Rapid Ground Reusable Heterogeneous Tasks running at different scale.

Motion May require human monitoring and intervention

Assessment
(RA)

run waveform

Choose/upload

selsmic simulation Compare/integrate
wavespeed & . : Store data,
h Waveform Ground Motion synthetic and
mes metadata,

Preprocessing Parameters observ.ed ground orovenance
motion data

Choose/upload
seismic source
(point or fault)

Gather
observed data
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Test Case:
Seismic Rapid Assessment

Rapid Ground Reusable Heterogeneous Tasks running at different scale.

Motion May require human monitoring and intervention

Assessment
(RA) MPI Simulation

run waveform

Choose/upload

selsmic simulation Compare/integrate
wavespeed & . : Store data,
h Waveform Ground Motion synthetic and
mes metadata,

Preprocessing Parameters observ.ed ground orovenance
motion data

Choose/upload
seismic source
(point or fault)

Gather
observed data

v
Data Analysis

Data Staging




Configuration - Contextualisation Types

Waveform
Preprocessing

(" PE_ReadData25 )

koutput_real

output_synt )

(PE_sync_cutOW (PE_sync_cutSW

(  output )

{

input
PE_taperl
\_ output )

'

input

/

4 N

PE_remove_response2

output

'

4 input )
PE_filter_highpass3
N output )

Y
( input \

kPE_plot_stream4 )

'

4 input
RotationPE11
\_ output /

'
( input )

kStoreStreaml 3)

(  output )

4 input
PE_taper6
\_output

4 input h
PE_pre_filter7
\_output

4 input )

PE_filter_highpass8

N output y

4
( input \

kPE_plot_stream9 )

'

input
RotationPE12
\_ output

'
( input )

btoreStreamMj

'provone:User’': "aspinuso',
's-prov:description’
's-prov:workflowName'
's-prov:workflowType'
's-prov:WFExecutionInputs':
's-prov:save-mode' -
's-prov:WFExecutionInputs':

"provdemo",
"waveform preprocessing pipeline’,
"seis:preprocessing"”,

[{.---}]1,

'service',

[{.---}]1,

# defines the Provenance Types and Provenance

's-prov:componentsType' :

{'s-prov:componentsType' :

{ 'PE ReadData':

'PE_taper':

{

{

'PE_remove response' :{

'PE_plot stream':

'StoreStream’:

'S—-prov:
'S-prov:

'S-prov:
'S—-prov:

'S—-prov:
'S—-prov:

{'s-prov:

“DARE

Configuration Profile in JSON with Provenance Types

Clusters for the Workflow's Components
type':[ 'SeismoType' ],
prov-cluster': 'seis:DataHandler'},

type':[ 'SeismoType' ],
prov-cluster': 'seis:Processor'},

type':[ 'SeismoType'],
prov-cluster': 'seis:Processor'},

type':[ 'SeismoType' ]

's-prov:prov-cluster': 'seis:Processor '},

{'s-prov:type':[ 'SeismoType'],
's-prov:prov-cluster': 'seis:DataHandler'}}}



Configuration - Contextualisation Types

Waveform
Preprocessing

(" PE ReadData25 )

koutput_real

output_synt)

( PE_sync_cutO\ ( PE_sync_cutS\

output

output
4 input )
PE_taperl
\_ output )

/

input

4 N

PE_remove_response2

output

'

d input )
PE_filter_highpass3
\_ output )

4
( input \

kPE _plot_stream4J

'

input A
RotationPE11
output

'
(" input )

 StoreStream13 )

/

{

'provone:User’':
's-prov:description’
's-prov:workflowName'

"aspinuso",
"provdemo”,
"waveform

'

M inoat. )
mput -prov:workflowType'
PE_taper6 rov:WFExecutionInputs  : -
\_output 's-pXoVv:save-mode' : 'service',
\ :WFExecutionInputs': [{...}],
the Provenance Types and Provenance
4 input ) l
mponentsType :
PE_pre_filter7 -prov:componentsType' :
\ output {'PE_ReadData': { 's-prov:
\' 'S—-prov:
4 - A
input 'PE_taper': { 's-prov:
PE_filter_highpass8 - ' S—-prov:

\_ Output )

v 'PE_remove response':{ 's-prov:
(» o «\ S—-prov:
Q’E-PIO‘-S“eam‘)) . ——— 'PE plot stream': {'s-prov:
l 'S-prov:prov-g
- N :
input starttime: 2013-02-16T21:16:09.240000Z
RotationPE12

 output

'
(" input )

kStoreStreaml4 )

delta: 0.01

calib: 1

sampling_rate: 100

“DARE

Configuration Profile in JSON with Provenance Types

preprocessing pipeline",

Tseisipreprocessing’, Je——— Semantic Tagging

Clusters for the Workflow's Components

type':[ 'SeismoType'],

1,

:Processor '},

type' |

type':[ 'SeismoType

ProvenanceType for
WIS ELELE

Contextualisation



Inline metadata injection

Waveform
Preprocessing

pipeline
JSON
Description
(eg. from file)

Manual
Extensions

“DARE

(" PE ReadData25 )

seis:preprocessing

koutput_real output_syntj

Functions encoded in Python

(PE_sync_cut0)  (‘PE_sync_cut5 ) User Defined Metadata injection into Lineage traces
( ouput ) { ouput )
'/ def plot stream(stream, output dir, tag):
" input " input — o ®
stats = stream[0].stats d S el
P]i;tta‘:‘?l Pijtai‘:m filename = "%s.%s.%s.%s.png" % 1 p
Nl \ (stats[ 'network'], stats['station'], @J QB{}Z
j \' stats[ 'channel’'], tag)
4 input A 4 input
PE_remove_response2 PE_pre_fijer7 path = os.environ[ 'STAGED DATA'] + '/' + output dir
N output J Y, dest = os.path.join(path, filename)
l stream.plot (outfile=dest) User Defined Metadata
[ g ] | = {'location': "file://" + ket.gethost +"/"+dest
PE_filtor_highpass3 E_filter_highpass8 prov = { location S lle: socket.gethostname() est,
'format': 'image/png’,
L output y output ) _
'metadata’: {'origin': tag}}
4 4
( imput ) ( imput ) return {' d4p prov': prov, ' d4p data': stream}
kPE_plot_strearn4 ) kPE_plot_stream9 J
4 input ) 4 input )
RotationPE11 RotationPE12
\_ output \ output )

'
(" input )

kStoreStreamB )

l
(" iput )

kStoreStreamM J




Monitor, search and analyse results

through lineage

fmagnoni - Runtime Instances monitor - API-60f24878-fe46-4b2a-915f-e8... <«

Open Run  Refresh View View Inputs Get W3C-PROV iDrop Radial
ID Compon... Last Ev... Dataco... worker Message  Changed

1 StoreStr... StoreStr... 2019-09... 90 d4p-ope...

2 Rotation... Rotation... 2019-09... 30 d4p-ope...

3 PEfilter... PE_filter... 2019-09... 30 d4p-ope...

4 PE filter... PE_filter... 2019-09... 30 d4p-ope...

5 PE_pre_... PE_pre_... 2019-09... 30 d4p-ope...

6 PE_tape... PE_taper6 2019-09.. 30 d4p-ope...

7 PE_plot... PE_plot.. 2019-09... 30 d4p-ope...

8 StoreStr... StoreStr... 2019-09.. 89 d4p-ope...

9 Rotation... Rotation... 2019-09... 30 d4p-ope...
10 PE_filter... PE_filter... 2019-09... 30 d4p-ope...
11 PE_filter... PE_filter... 2019-09... 30 d4p-ope...
12 PE_rem.. PE_rem.. 2019-09.. 30 d4p-ope...
13 PE_tape... PE_taperl 2019-09... 30 d4p-ope...
14 PE_plot... PE_plot.. 2019-09.. 30 d4p-ope...
15 ReadD... ReadD... 2019-09.. 61 d4p-ope... Comput...

Runitme Monitoring

- Data produced
Messages (Errors)
Workers Nodes
Event Times
Runtime Changes

JARE

- Data Dependency Graph ]
Double Click on the border data-nodes to expand. Right Click on each data-node to access its info
Navigation steps 1
I ]
trace-bw trace-fw  stateful cross-run  file  Incomplete wasDerivedFrom @ e 0
PE_filte
|
|
|
|
I | |
L | |
T ( | o
SeismoType ! Data Detail [ X
provenance : J_’ |
capturing :
| Output Files : Open Inline provenance
I capturing v
I Output Metadata:
|
I ® A DL .
i BDr E DO
- Data products : oJd[e ated
. - L J . [ J L J
Search Filter Current  Prodlice Download Script
l L)

Output Files :

Output Metadata:
starttime: 2013-02-16T721:16:09.240000Z

delta: 0.01 SeismoType

Metadata

calib: 1

sampling_rate: 100

S-ProvFlow:htips://qgitlab.com/project-dare/s-ProvFlow
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Lineage Precision - Stateful operators F:%

Ground Motion Parameters seis:PGMCalculation

(streamProducerRealBS\ (streamProducerSynthl37\ wasDerivedFrom NormPE

k output k output J PeakGrou
\ port = output_mean
input

station = AQU, channel = EHR
NormPE136 PeakGrou

\output_mean | output_max

4 input \ / input )

PeakGroundMotion138 PeakGroundMotion139
\_ output Pl output y

input
Match140
\_ output

( input \

\ WriteGeoJSON141 )

NormPE

port = output_mean

station = AQU, channel = XHR

filename = AQU_mean.json

Pattern Type: Grouped Accumulator (Stateful operator - ASTGrouped)
Combines intermediate inputs before producing results

13



Workflow Registration, Execution

Monitoring

EPOS ICS

\

-Develop & Register Workflows

-Scalable Workflow execution
on containerised resources

-Lineage Capturing and
visualisation

“DARE

Lineage APl
Register Workflows Registry * docker —" s-ProvFLow mongoDE
Workflow
\
| : Allocated eer) OA'
="EE - Computational
JARE AP | : Nodes B2DROP Jupyter
—_—
Run ‘Eig;} P
© ™ Workflow
N kubernetes Results
Shared Volume I
Register dispel4py workflow

In [ ]:

In [ ]:

# Local code

impl id = F.create peimpl temp(desc="", code=In[2],
parent sig=pe url, pckg="test impl",
name="waveform preprocessing"”", workspace=workspace url,
clone="", creds=creds)

print impl id

Execute registered workflow

F.submit d4p(impl id=impl id, pckg="test", workspace id=workspace id, pe name="waveform preprocessing”,
token=F.auth(), creds=creds, n nodes=6, no processes=6, iterations=l1l)




Linking executions and semantic tagging
Exploring the Experiments’ space

Preliminary Experiments
Poor metadata and classification

Provenance of Multiple experiments
with many stages

Visual analytics of data reuse between
the workflows of the RA use case

Runs selected among those using the same

station codes. (Contextual metadata)

Mixed interlinked
experiments

PGM-ASG80C06-616A-4328-8CEF-67D08B4DSSEF
> PGA_orfeus-as-91480-70cbfbed-85df-11e9-a6

Vertices: workflows execution ids colour-

V )- "Q-ASQA-AFG
PGM-F30E T44E-20A0 A3 o

coded by user

- 4-11a80-9cad-#0C0

1162

'

e
Edges: data flows. Red and green edges T
for data input and output. e

Time &

Right half: better descriptions yield the
improved understanding, discovery and
reuse of the results

\
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Advanced Experiments
Refined metadata and classification

L= seis:preprocessing


https://gitlab.com/project-dare/s-ProvFlow
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Provenance-aware Workspaces
A *docker
Notebook API |

\ L

|
COMMON ', Data-Staging
WORKFLOW

A Web API to: LANGUAGE |1

N
jupyter
! N
- Create Notebook Workspaces with the - Update the Workspace

required libraries libraries /F;i‘:’aData volume I} posults Volume

| Istaged-06012019 :?boﬁzzﬁﬁ';rﬂiﬂf:
- Stage, pre-process data onto active - On demand snapshots of the Istaged-14042019

Workspaces (pre-built workflows) Working Session
- Data staging history (K8S volumes/Git/Binder)

- Read-only and extensible raw data

— kubernetes

prov:type dare:Person
EPOS ICS urrent Workspace: Volcano I prov:type prov:Person
> note boo k > dare:authMode var:authmode
Q Configurations | _ Jupyter misfit_pgm_prov Last heckpoint: Last Wednesday at 12:15 PM_(autosavec) A Logon dare:group var:group
HOTVOLC product: volcanic ash Flle  Edit Insert  Cell  Kemel  Widgets  Help Tusted & | Python3 O veard:uid var:name

config
actedOnBehalfOf

PUT /notebook/{notebookId} Update Notebook libraries r/vmam
J

graph=buildWor]
priscimaie R fopore shepier ‘ m /notebook/{notebookId} Retrieves the running notebook for the given notebookid.

( stmamProducerRealO\ ( streamProducerSynth\

‘ /notebook Deploys a notebook and creates a data and working directory.

provitype  prov:SoftwareAgent

—— = |
— ‘ PR3N /notebook/{notebookId} Deletes notebook for the given notebookid. Tprovame varname-apt

used  wasAssociatedWith

y

adMember

ETR AT workflow -
r— ey [ o om—ysr— prov:type var:libProvType . o
output p dare:installationMode var:installationMode provitype prow.-Pl‘.m . .
dare:libname varlibname prov:value varliblistvalue Val’:update]_.lbt’anes
i ‘ /workflow/{workflowId}/run/ Runs the specified workflow on a work space (notebook) PR arlibversion dare:version var:version
MatchS
utpu
. i hadMember wasGeneratedBy wasDerivedFrom
i ‘ m /workflow/{workflowId}/run/{runId}/ Return the status of the workflow given by the given runid. Sheneriea
(( impw
prov:type dare:update
dare:sessionld  var:sessionld
B ] prov:type dare:LibCollection prov:atLocation var:method_path
tmpl:endTime  varrupdateLibrariesEndTime
m\\m tmpl:startTime  varrupdateLibrariesStart Time
S— OPENAP'
. INITIATIVE prov:type dare:Notebook

dare:sessionld var:sessionld
prov:atLocation var:accessurl
prov:generated At var:generated At
uuid:uid var:notebookid

vargen:updateLibraries




FEER>
ENVRI

EPS
*docker

Provenance-aware Workspaces
Notebook API

COMMON | : Data-Staging
WORKFLOW

A Web API to: moRKELoW |

- Create Notebook Workspaces with the - Update the Workspace
required libraries libraries /F;aa"t"aData volume I Rosults Volume

| Istaged-06012019 Ebotzzzﬁzgaeﬂf:
- Stage, pre-process data onto active - On demand snapshots of the /staged-14042019

Workspaces (pre-built workflows) Working Session
- Data staging history (K8S volumes/Git/Binder)

- Read-only and extensible raw data

EPOS ICS

notebook

POST /notebook Deploys a notebook and creates a data and working directory.

/notebook/{notebookId} Update Notebook libraries

m /notebook/{notebookId} Retrieves the running notebook fo

pISE38 /notebook/{notebookId} Deletes notebook for the given note

workflow

prov:type ar:libProvType N B
. dare:installationMode var:installationMode pro ‘:lype pro :Pl:}n
-~ dare:libname var:libname prov:val . Var.llbll.stvalue
POST /workflow/{workflowId}/run/ Runs the specified workflow on dare:version varlibversion dare:version var:version
. _ hadMember wasGeneratedBy From
‘ m /workflow/{workflowId}/run/{runId}/ Return the status of the workflow given by the given runid. )
prov:type dare:update

dare:sessionld  var:sessionld
prov:type dare:LibCollection var:J upyter prov:atLocation var:method_path
tmpl:endTime  var:updateLibrariesEndTime

(]
.\% OPEN API tmpl:startTime var:updateLibrariesStartTime
T \4
40N INITIATIVE R
Luc Moreau et al. A Templating System to Generate Provenance ProvenaceTemplate Catalogue vargen:updateLibrarics

https://eprints.soton.ac.uk/405025/1/provtemplate.pdf https://qithub.com/EnvriPlus-PROV/ProvTemplateCatalog
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Conclusions & Future Work

 Balanced automation and Active human contribution in provenance
capturing in Data-Intensive workflows

* Provenance model S-PROV, that accommodates complex lineage patterns

* A conceptual design based on reusable and combinable Provenance Types
that lead to the Provenance Configuration

» Services and tools developed around our framework to control and evaluate
the executions (DARE API, S-ProvFlow)

 Coming Next! Integration within Traceable Workspaces
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Specify Workflow “DARE

(" PE ReadData25 )
koutput_real output_synt)

Workflow encoded in Python

Waveform def buildWorkflow()
ui or ow():
Preprocessing [ PE_sync_cut) I W'PE, sync_cuts | real preprocess = create processing chain(proc[ 'data processing'])
( ouput ) { ouput ) . _ . . , . o
ynt preprocess create processing chain(proc[ 'synthetics processing'])
'/ i print(real preprocess)
™ input ™ input graph = WorkflowGraph()
read = ReadDataPE()
PE_taperl PE_taper6 read.name = 'data’
\_output \_output read.output units = proc['output units'] °
j \ rotate real = RotationPE('data’) dlspe]_
- ‘ N — N rotate synt = RotationPE('synth') ¥
input input store real = StoreStream('data') J 93[
PE_remove_response2 PE_pre_filter7 store synt = StoreStream('synth')
output Yy \_ output ) graph.connect(read, 'output real', real preprocess, 'input')
l \ graph.connect(read, 'output synt', synt preprocess, 'input')
. . if proc|[ 'rotate to ZRT']:
plpellne 1 input A ( input A graph.connect(real preprocess, 'output', rotate real, 'input')
JSON PE_filter_highpass3 PE_filter_highpass8 graph.connect (synt preprocess, 'output', rotate synt, 'input')
o L output ) 9 output ) graph.connect(rotate real, 'output', store real, 'input')
DESCFIPUOH graph.connect (rotate synt, 'output', store synt, 'input')
. | J  J else:
(eg' from fllE) ( input \ ( input \ graph.connect (real preprocess, 'output’', store real, 'input')
kPE_plot_stream4 ) kPE_plot_stream9 ) graph.connect (synt preprocess, 'output’', store synt, 'input')
l l return graph
4 input N 4 input A
RotationPE11 RotationPE12
_ output (_ output graph=buildWorkflow()
Manual l l
) from dispeldpy.visualisation import display
EXte NsIons ( input \ ( input \ display(graph)

kStoreStreamB ) kStoreStreamM J
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Why PROV Templates (as a service)

Templates foster discussions on provenance relationships involving
heterogeneous agents and resources (Human vs System Concerns).

Modelling of usable and re-usable provenance scenarios (tailoring vs
generalisation)

Remove the burden to hardcode provenance editing
(expansion tools/services)

_uc Moreau et al. A Templating System to Generate Provenance
nttps://eprints.soton.ac.uk/405025/1/provtemplate.pdf
Provenace Template Catalogue
nttps://github.com/EnvriPlus-PROV/ProvTemplateCatalog
nttps://envriplus-provenance.test.fedcloud.eu/
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