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FAIR principles for data sharing

Findable Interoperable

F1. (Meta)data are assigned a globally unique and 1. (Meta)data use a formal, accessible, shared, and broadly

persistent identifier applicable language for knowledge representation.

F2. Data are described with rich metadata 12. (Meta)data use vocabularies that follow FAIR principles

F3. Metadata clearly and explicitly include the identifier of 13. (Meta)data include qualified references to other (meta)data

the data they describe

F4. (Meta)data are registered or indexed in a searchable Reusable (+ Reproducible?)

resource R1. Meta(data) are richly described with a plurality of accurate

. and relevant attributes

Accessible R1.1. (Meta)data are released with a clear and accessible

A1. (Meta)data are retrievable by their identifier using a data usage license

standardised communications protocol R1.2. (Meta)data are associated with detailed provenance
A1.1. The protocol is open, free, and universally R1.3. (Meta)data meet domain-relevant community standards

implementable
A1.2. The protocol allows for an authentication and
authorisation procedure, where necessary
A2. \etadata are accessible, even when the data are no https://www.go-fair.org/fair-principles/

longer available
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https://www.go-fair.org/fair-principles/
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http://www.w3.ora/TR/prov-overview/

W3C

W3C P ROV (P ROV‘D M y 201 3) Word Wide Web Consortium

W3C Provenance definition

Provenance is information about
entities, activities,

Entity
and people (agents) wasAttributedTo
involved in producing a
piece of data or thing, wasGeneratedBy
which can be used to . Agent used
form assessments |
about its quality, wasAssociatedWith
reliability or Activity

trustworthiness.

Mathieu Servillat (Observatoire de Paris)

5Feb.2020 | 6



http://www.w3.org/TR/prov-overview/

ttp://www.ivoa.net/documents/ProvenanceDM/

h

IVOA Provenance Data Model

Proposed Recommendation 2019-12 |
e Adds “Description” classes E
e Adds” " classes
e Plugged in with &
o VO data models s ]
(UCD, VOUnit, VOTable...) _—
o VO access protocols ;L*‘Zf
(ProvTAP, ProvSAP) Ll
e Serializations |
o W3C PROV —
o VO specific

Mathieu Serviliat (Observatoire de Paris)


http://www.ivoa.net/documents/ProvenanceDM/
https://wiki.ivoa.net/internal/IVOA/InterOpMay2019DM/2019-05-15_servillat_provenance_IVOA.pdf

Usage/Generation
e role (master_bias, IRF,
eventlist, ...)

e type (main, calibration,
preview, quality, log,
context)

Value
e valueType
e unit/ucd/utype
e min/max/options

Dataset

e contentType (similar to
access_format in ObsCore)

Mathieu Servillat (Observatoire de Paris)

+ activityDescription|

Descriptions

0..14)

Activity
Description

+ activityDescription ff1

+ activityDescription 1

Usage
Description

Generation

+ usageDescription | *

+ entityDescription | «

Description

+ generationDescription | *

+ entityDescription | «

+ entityDescription|

Execution
Activity
Used
Was
GeneratedBy
M1
Entity
- ValueEntity

<5

ubsec>>
- {:seﬂ.mmmi:VaheDescrotm}

ubsec>>
" {:seif_entityDes ion: DatasetDescription}

-1 Description

Entity

A

—

ValueDescription

~ + valueType : string

+ unit : Unit [0..1]

~ + ucd : string [0..1]
-+ utype : string [0..1]

~ + min : string [0..1]

+ max : string [0..1]
-+ options : string [0..1]
'+ default : sting [0..1]

DatasetDescription

:' + contentType : string
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¢ Identify how a data product was produced = Provenance

*

|ldentify what detailed options were used = Configuration

& Different lifecycle, different access and usage
— different classes e | EXecution I Descriptions

+ configFil + configFileDescription _

I =/ ConfigFileDescription

€ Parameter
o name=value

€ ConfigFile
o name & location

01 + name : string [0..1]

+ description - string [ ..
+ contentType - string

A

Viilf’ta}irheterbescription + configFileDe

+ parametellescriptior s
+ parameter + name : string

+ valueType : string
+ ucd : string [0..1]
+ unit - Unit [0..1]

+ utype : string [0..1]
+ min : string [0..1]
+ max : string [0..1]

0.1

@ Descriptions WasConfiguredBy | -veremee-

+ default - string [0..1]
s hrlid

A

on Activity/ActivityDescription S

~ ActivityDescription
+ name string
ion - string [0..1]

Activity

cription : string
oculink - anyURI [0..1]
+ type - string [0..1]

+ subtype - string [0..1]

= fosters reproducibility

hadReference

+influencer,|,0..1

ValueEntity

+ value : string

. . . ! + parameterDescription
Configuration is dependent EI” - l
& tyDescription g1 ‘
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Applying the model

Provenance on-top or inside
Granularity

Level of details

|dentifiers

How to capture the provenance information
How to store this information

How to access

How to visualize the provenance
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Examples of implementations

OPUS: 1 =1 job, returns W3C files and graphs

ctapipe: 1 activity = 1 Tool, returns a dictionary

gammapy: 1 activity = 1 high level interface function, returns a structured log
OPUS + gammapy: granularity mix ! transfer of identifiers !

o O O O

O

Mostly W3C files for now

o Database

m OPUS : UWS job + entity store

m DIRAC + ctapipe : ProvDB (sqlachemy and ingest scripts)

o ProvSAP: application specific, extract a graph
o ProvTAP: easy to deploy, complex queries

o Only W3C graphs for now
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OPUS @ Job Definition ~ i= Job List
Job Definition
Name gammapy_maps
Description

Contact name Julien Lefaucheur

Contact email

Use gammapy to generate a count map from a list of observations

4 Signed in as testuser~

Load JDL = Get JDL Job name.

Job description.

URL https://luthgitiab.obspm.fr/j

Observatoire de
Paris

Uws

Server

Mathieu Servillat (Observatoire de Paris

Parameters obs_ids = | 4780247803 47804 471 = Req.? ¥ xs:string - 1+ List of parameters, with name, default
value, type and description.
Desc. List of runs Specify if the parameter is required by
Options List of possible choices (comma-separated values) checkmg the box (if not, the
parameters won't be shown by the
Attr, unit=... ucd=... utype=... min=... maxs= client and the default value will always
be used).
RA =  329.7169379 Req.? ¥ xs:double - 1+ A list of options can be specified
(comma-separated values).
Desc. Target Right Ascencion Additional attributes can be defined
)
Options List of possible choices (comma-separated values) (unit, ucd, utype, min, max)
Attr, unit=deg
Used obs_ids = | 47802 47803 47804 47827 47 = image/fits v | ¢ List of input entities (e.g. files) used
with their name and content type.
Desc. List of runs

Flle . or value _ or ID @ + access URL hitp//url_to_the_input_file?id=$ID

The input is a File or an ID, possibly
with a URL to resolve the ID and
download the file (use $ID in the URL

Generated count_map = | count_map.fits image/fits v 3
Desc. Count map
count_preview = count_map.png image/png v 2
Desc. Count map preview
I ‘ ~ i-“-‘ Siccieman "i Viiﬂi‘iﬁ ~ 4

List of possible results with their name
and content type. A default name can
be provided.

Note that a result can referto a
parameter (if it has the same name),
e.g. the name of an output file
generated by the script.

5Feb.2020 | 12




OPUS @ Job Definition

i= Job List

Job List for | gammapy_spectra

Type Start Time

gammapy_spectra  2017-10-02 10:47:07
gammapy_spectra
gammapy_spectra  2017-09-29 15:07:52
gammapy_spectra  2017-09-29 14:55:10

2017-09-29 14:21:20

gammapy_spectra

Destruction Time

2017-11-01 10:47:05

2017-11-01 10:47:03

2017-10-29 15:07:51

2017-10-29 14:55:09

2017-10-29 14:21:19

2L Signed in as user~

Refresh Job List Create Test Job Create New Job

opus_jdl:copy

[ v eropusadmia ]

frem it cmver

—

Tracking of Provenance informations

opus_stare:b1 f47a

Mathieu Servillat (Observatoire de Paris)

Phase Details Control
© Properties (& Parameters » Stat O Abort T Delete
| © Propertil ¥ Job Resuilts
© Propertig spectrum: Download [mage/fits]
ABORTED © Propertid spectrum_preview: Download [image/png]
COMPLETED © Propertig
1072 {
1077 4
opus_job:copy/1becThparamet|
< 10710 4
2
©
“«
~ 1071
£
S
= 10712 4
r
§ 107134
1014
10-1‘) 4
10 .
w 054
2 oot— = = =
2
& —0.5 +
-1.0 :
10° 10!
Energy [TeV]
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opus_jdl:dummy 3 opus_j

vopeos Pirameter
Hello Workd

provitype  prov-Plan Input text for dummy job
proviype  vopeov:Activity Descripecn Assring
Hello Workd
roe
waslnfucocedy waslofhicocedBy

frovaype  voprov-hadDewcription opus_job:dummy/26bdae

| S —

provaanTime 2018480163035
provendTime 201848 01T1&31:10
voprovisubtype  test

vopeovitype  test
/.
opus_jdl:dummy2 opus_store:(9baac provivle  ouputixt opus_job: 261
4\\
e
\ peoviype vopron: Parareer
provlocation e /vopacia aws-teat obsper. fevtore TID={Dbasc prov-valoe !
provitype  proviPlan veprovcontent_type  texvplaia voproviasnottion  [aput text for dummy job 2
proviype  voprov:Activity Descripiion voprov:file_ssme oatpat txt \ vogrov.datatype xs:siring
voprovressl_name  oupul \ voprovdefault t
\ vopton reqeared e
wasleflueacedBy \ sed waslafluencecBy
peovitype  vopeov badDexcriptice provirole igut | opus_job:dummy2/6188ab I provitype  vaprov hadConfigaration
hJ
N

prov.stan Time 2201808-01T16:31:46 \.

proveadTime 2018-08-01T1632:10 \

woprovisddtype  test /

vopoviype  test //

=
/ wasGeneratodBy
opus_store:e75648 proviole  outpstixt
peov.location Maygnofvoperis-uwitest obspon fo/stcee MIDee 75648
voprovicoment_type  extplain

voprovfile_ame  osputiat
Voprovirewsl_mme  ouput

Mathieu Servillat (Observatoire de Paris)

Register all entities
o unknown input data
o results

— id + hash + name

Check if already exist in

the system
o name”?
m may change...
o hash?
m integrity
®m  unicity?
o id?
m inside the files
m prov database

5Feb.2020 | 14
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Provenance in ctapipe = ctapipe

7/

e Tool Python class providing configuration, logger, I/O management...

and Provenance information
https://cta-observatory.github.io/ctapipe/examples/provenance.html

}r Tool
]
Configuration Boic Metadata 1o Provenance
Management Management Management |nf orm atl on
i { o Loop over Events or Chunks of Events'; E

I
1
i i Component

: |
i |
[
s S = l
]
| ~ - i
1 serializer \ (file/stream)
P Component ===3 Component 1
1! |
58 |
| 7 \ / i
. ! { |
A 'ler};;:art! :m ) - deserializer E i
M Component ====3» Component i E

|| @ K. Kosack
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https://cta-observatory.github.io/ctapipe/examples/provenance.html

Provenance in ctapipe

Mathieu Servillat (Observatoire de Paris)

Integrated to the framework
(almost transparent to the
users/developers)

Tracks start and end of a
Tool execution

Records the entities (files)
used (input) and
generated (output)

Also records system configuration,
state, and software versions
— contextual information

However:

from ctapipe.core import Provenance

prov = Provenance()

# prov a singleton, so this gives you the same pr
prov.start_activitity("some_activity")

. # do things
prov.add_input_file("test.txt")
prov.add_output_file("out.txt")

prov.start_activity("some_sub_activity")

# do more things
prov.add_output_file("out2.txt")

prov.finish_activity() # finish some_activity
prov.finish_activity() # finish some_sub_activity

o returns a dictionary at the end of the process (not accessible before)
o tends to use 1 big activity and structured set of parameters

5Feb.2020 | 16



AL e T —

Provenance _‘ R L https://openprovenance.org/store/documents/1191.svg
in gammapy —x e

i - -~ AN s T pe—— AN e ELYM A TR M

1/ definition.yaml file for description/template
(already integrated to the code by the developers) - —

activities:

Fetch observations from the data store according WOTITAAITT o ST - - RTINS R RTINS [rETOE e —
to criteria defined in the configuration" [ P v

param

datastore . . [ —— - o —
ription: "DataStore path as string"

settings.observations.datastore = = e
-n filters - ,I"’“‘:‘"’l
C iption: "Filter criteria to select observations" . .
va settings.observations.filters 2/ entﬂes automatlca"y
: datastore i i
Ko by | IR stored in the log file I o RS o =
DataStore INFO: gammapy.utils.provenance.provenance: _PROV_2019-10-97711:20:05 e .
tion: settings.observations.datastore .884436_PROV_{'activity_id': 9456793112, 'activity_name': 'get_observations', ‘startTime'
'2019-10-07T11:20:05.884419'}
observations selected INFO: gammapy.utils.provenance.provenance: _PROV_2019-10-97T11:20:06
t : "Observations selected" .091102_PROV_{'activity_id': 9456793112, ‘parameters': {'datastore': 2
ype: Observations ' SGAMMAPY_DATA/hess-d13-drl', 'filters': [{'filter_type': 'par_value', 'value_param': e s T - -
observations ‘Crab*, ‘variable': 'TARGET_NAME'}1}}
2 INFO: gammapy. utils.provenance.provenance: _PROV_The entity is a file with
se: Observation hash=3585d8a610ad20fece226aa22dd9d1d2 (SGAMMAPY_DATA/hess-d13-drl/obs-index.fits.gz)
2 INFO:gammapy.utils.provenance.provenance: PROV_2019-10-07T11:20:06
.091413_PROV_{'activity_id': 9456793112, 'used_role': 'datastore', 'used_id':
'358508a610ad20fece226aa22dd9dfd2’, ‘entity_type': ‘DataStore', ‘entity_location': e
' SGAMMAPY_DATA/hess-d13-drl'}
INFO:gammapy.utils.provenance.provenance: PROV_2019-10-07T11:20:06
ge .091474_PROV_{'activity_id': 9456793112, ‘'generated_role': 'observations selected’, i
‘generated_id': 295524570, ‘entity_type': ‘Observations'}
INFO:gammapy.utils.provenance.provenance: _PROV_2019-10-87T11:20:06
.091527_PROV_{'entity_id': 295524570, ‘member_id‘': 23592, 'member_type': ‘Observation'} 3/ eXport tO W3C PROV
INFO:gammapy.utils.provenance.provenance: PROV_2019-10-07T11:20:06 .
.091571_PROV_{'entity_id': 295524570, ‘member_id': 23523, 'member_type': ‘Observation'} Or Search |n provenance reCOrdS

INFO: gammapy.utils.provenance.provenance: _PROV_2019-10-7711:20:06
.091613_PROV_{'entity_id': 295524570, ‘member_id': 23526, mber_type': 'Observation'}
INFO:gammapy.utils.provenance.provenance: PROV_2019-10-87T11:20:06
.091653_PROV_{"entity_id': 295524570, 'member_id': 23559, ‘'member_type': ‘Observation'}

. . INFO:gammapy.utils.provenance.provenance: _PROV_2019-10-07711:20:06
@ M. Sel"VI"at & J. E. Ruiz .091691_PROV_{'activity_id': 9456793112, 'endTime': '2019-10-07T11:20:06.091068'} I

Mathieu Servillat (Observatoire de Paris) 5 Feb. 2020



https://openprovenance.org/store/documents/1191.svg

OPUS + gammapy

e 10PUS job

o Runs several gammapy functions
o Stores result entities

e Internal provenance

o Store objects

o Link to OPUS job
m Sub-activities ?
s W3C PROV Bundle ?

o link to result
m Stored in OPUS archive
m Derivation ?
m Copy?

Mathieu Servillat (Observatoire de Paris)

opus_user:opus-admin

wasAttributedTo

~ gammapy_analysis N

K»,, opus_jdl:gammapy_analysis provolaconiact

prov:label opus-admi

prov:role owner

prov:label gammapy_analysis
provitype prov:Collection
provitype voprov:ActivityDescription
uws:executionDuration 60
uws:quote 10
voprov i1 Run y analysis with high level interface
voprov:doculink https://github com/Bultako/gammapy/tree/prov
voprov:name gammapy_analysis
voprov:subtype gammapy
voprov:type Analysis
voprov:version 1
wasAssociatedWith waslnfluencedBy
m’—“"mlﬁw prov:type voprov:Description prov:role fiy
opus_job:gammapy_analysis/def2ad
\
wasGeneratedBy

provistartTime  2019-11-15T16:51:23
proviendTime  2019-11-15T16:51:38
prov:label gammapy_analysis/4ef2ad

/

7|

oprov: psi//g m/Bultak
voprov:subtype gammapy

voprov:type Analysis
voprov:version |

dn:bundle_4ef2ad_prov

wasGeneratedBy fwasDerivedFrom

proviolefiux_points | (flux_points E

\_  Opus_storeieScb53

prov:label flux_points
prov:location http:/localhost/opus_server/store?ID=c5¢b53
voprov:file_name flux_points fits

5Feb.2020 | 18



ProvDB storage: DIRAC + ctapipe

e Capture done by ctapipe while executing a job
e Returns a JSON dictionary

e |Ingested by DIRAC on a dedicated PostgreSQL server
o https://qithub.com/cta-observatory/ CTADIRAC

provBase = declarative_base()

# Define the Activity class mapped to the activities table
class Activity(provBase):

__tablename__ = 'activities'

ordered_attribute_list = ['id', 'name','startTime', 'endTime', 'comment"', 'activityDescription_id"']
id = Column(String, primary_key=True)

name = Column(String)

startTime = Column(String)

endTime = Column(String)

comment = Column(String)

activityDescription_id = Column(String, ForeignKey("activityDescriptions.id"))

activityDescription = relationship("ActivityDescription")

@ M. Sanguillon, L. Arrabito, M. Servillat
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https://github.com/cta-observatory/CTADIRAC

ProvSAP & ProvTAP

opus_server/provsap?
ID=4ef2ad

&DEPTH=ALL

&AGENT=1

&DESCRIPTION=0
&RESPONSEFORMAT=PROV-SVG

Mathieu Servillat (Observatoire de Paris)

x TOPCAT(15): Table Browser

Window Subsets Help

@ X

Table Browser for 15: TAP_23 (SELECT,parameter,parameterdescription,ac.

1 | act:CDS/P/CO
2 | act:CDS/P/Finkbeiner
3 |act: CDS/P/HI
4 | act:CDS/P/HIAPUNHI
S | act:CDS/P/Haslam408
6 | act:CDS/P/Haslam408N2
'an-crswm s/color

act:COS/P/PLANCK/R2/HF!

act: CDS/P/PLAIanRzJHmSSB
15 | act:COS/P/PLANCK/R2/HFIS4S
6 | act:CDS/P/PLANC
7 | act:CDS/P/PLANCK/R2/LFI/c
act:COS/P/PLAN
[T19| act:CDS/PIPLANCK/R2/LFI044

K/R2/LFI030

EX annotauon VARCHAR
la ¢ dv cription

e survey HIPS.

| Generation of Hi composite survey HIPS

Generation of HI4PI NHI survey uH -sky Hi colu,

| Generation of Haslam 408MHz HIPS

[ Generation of Haslam 408Mhz reprocessed Hi..

| uenamho’\ of IRAS
of Mer:
of PLANCK R2 HFI co

S Hr.«m surwv color

n of PLANCK R2 nominal frequency

Gon

| Generation of PLANCK R2 LFI color compositio.

Gene ation of PLANCK R2 nominal frequency L.
| | Generation of PLANCK R2 nominal frequency L.

®)
VARCHAR |

| 2012
| Generation of Finkbeiner Halpha composite s...

: 2018-01-27T17:16Z
n of PLANCK R2 nominal frequency H...|

| Generation of PLANCK R2 nominal frequency H...|

| Generation of PLANCK R2 nominal frequency H...|
ion of PLANCK R2 nominal frequency H...|
| Generation of PLANCK R2 nominal frequ jency H...|

Go eration of PLANCK R2 nominal frequency L.

ps | i
hips_frame
Thi ips_frame
hips_frame
_ hips_frame

1 Th ps_fume
hips_frame |

| hips_frame

| hips_frame
| hips_frame |
| hips_frame
1 hips_frame
| hips_frame

_hips_frame
hips_frame
hips_frame_

_hips_frame

| hips_frame |

_hips frame

5
70 3-06-28T11 09'

'6; 1-02-14T12:00Z |
17-06-08T23:472
2015 04-10713:58Z

P g
| pos.frame
| pos. framor
| pos.frame

| pos.frame
pos frame
pos.frame

pos frame

| pos.frame
| pos.frame
| pos.frame

| pos.frame
| pos.frame
| pos.frame

| pos.frame
| pos.frame
po, frame

| pos.frame
| pos.frame

Egahcht
alactic |

galact C
[ gatactic
| galactic
| galactic

| galactic

| galactic
\ galactic
| galacl:c
“ galactic
| galactic |
| galactic
| galactic
| galactic

I

[«

s

Service Ca

Query Language: [ADQL-Z.Ojv Max Rows: 1000000 (default) .v‘ Uploads: unavallable

ADQL Text
Mode: $ynchrnno;;_' f‘ f: @
i,

ON p narann.erdes(upuon
WHERE pd_ucd = 'pos.frame’
AS templ

INNER JOIN

\

&

\ (SELECT p_isaparamof,
|

| activity

ISELECT a_id, a_name, a_starttime, pd_name, pd_ucd, p_value
FROM

pd_name, pd_ucd, p_value
FROM parameter INNER JOIN paraseterdescription

= pd_id
and p_value ='galactic’)

ON actavity.a_. )d = templ.p_isaparamof

Examples

Info

@ F. Bonnarel


http://localhost/opus_server/provsap?ID=4ef2ad&DEPTH=ALL&AGENT=1&DESCRIPTION=0&RESPONSEFORMAT=PROV-SVG
http://localhost/opus_server/provsap?ID=4ef2ad&DEPTH=ALL&AGENT=1&DESCRIPTION=0&RESPONSEFORMAT=PROV-SVG
http://localhost/opus_server/provsap?ID=4ef2ad&DEPTH=ALL&AGENT=1&DESCRIPTION=0&RESPONSEFORMAT=PROV-SVG
http://localhost/opus_server/provsap?ID=4ef2ad&DEPTH=ALL&AGENT=1&DESCRIPTION=0&RESPONSEFORMAT=PROV-SVG
http://localhost/opus_server/provsap?ID=4ef2ad&DEPTH=ALL&AGENT=1&DESCRIPTION=0&RESPONSEFORMAT=PROV-SVG
http://localhost/opus_server/provsap?ID=4ef2ad&DEPTH=ALL&AGENT=1&DESCRIPTION=0&RESPONSEFORMAT=PROV-SVG

Conclusions

e Unique identifiers! (see FAIR F1 principle)
o Level of uniqueness
o Internal and external identifiers ?
o When does an entity really changes and becomes another entity ?
e Granularity choice
o Adapted to the project (as is the level of details, but remind FAIR F2 and R1!)
o How can we mix different granularities ?
e Storage
o Full provenance centralized in a database
o Partial provenance inside data products ?
e Visualization

o mostly W3C graphs
o Dedicated VO tool ? need use cases !
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