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SWIRRL in a nutshell &

.....

SoftWare for Interactive & Repré';bcible Research Labs

A Web API (high-level piece of infrastructure)

Manage data-driven & reproducible Working Sessions,
combining Notebooks, Workflows and Visualisation tools

https://qgitlab.com/KNMI-OSS/swirrl



https://gitlab.com/KNMI-OSS/swirrl

Workspace Use Cases

Data Resource A V /1

Workflow for
Data-Staging/Mounting/
Preprocessing

; - develop, document and reuse methods for
processing and visualisation.

- access distributed raw data

.::. Ju pyter TestC4l Last Checkpoint: 4 minutes ago  (autosaved)

File Edit View Insert Cell Kernel Help

B 4+ % @ B 4 ¢ PRn B C B Makdown | @ _
S - a researcher update/extend raw data and software
e wants
S — - Track changes and rollback
g:;efgfxzxﬁiﬁ%g}:ﬁﬁ:.;2:?? (Tra C e a b i I ity/ Re Cove ry)
> - keep old versions of the data after updates
(Reproducibility)
- snapshot, share, restore the state of a workspace

(Reproducibility)



Terminology and Orchestration
Session, Workflow, Service, Service Pools

A Session is characterised by . .
Service Service
a Raw Data Volume o
Work or
Vo(I)Lere Volume )
A Workflow is a batch Job Service Service
Stage & preprocess data onto the
Raw Data Volume Service Pool Service Pool

A Service is an interactive system

It is attached to the Session (read-
only). It has a Work Volume (r/w) f@h {@h

A Service Pool is a collection of |
Services that share the same Work
Volume. The pool is accessed by J
users involved in the same research

Session

(Raw Data
Volume)

Workflow

campaign. | | | |
External Data Archives / Subsetting & Processing Services




Interactive & reproducible Workspaces

Objective: Extend Community Portals with focussed & reproducible workspaces

Climate4lmpact Search for CMIP5/6 Cordex Data Incremental data staging/subsetting onto customisable and Reproducible
(Distributed Data) Notebooks (extensible to other tools..)

o o o

PARAMETER FREQUENCY EXPERIMENT

frequency:day experiment_id:ssp585 source_id:EC-Earth3

File Edit View Run Kernel Tabs Settings

4 Temperature » Precipitation - © c @ Launcher X | [N Test-ICCLIM-CAlipynb X
W8 / data / latest / B + X0 » = C » Markdown v

. o . . Name Last Modified
ta - Air temperature E] pr - Precipitation (90) D hurs - Rel. Humidity uas - Eastward wind

[[] tas-Temperature [7] prsn- Snow (72) O huss - Specific humidity vas - Northward wind ©} swirr_fileinfo json ) 4 days ago |CCL|M C4| Demo
[ ta_Eday EC-Earth3_ssp585_r1i1p1f1_gr_20230101-20231231.nc 4 days ago

(™ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20150101-20151231.nc 5 days ago Example notebook that runs ICCLIM, which is pre-installed in the notebook.
[ tasmax_day EC-Earth3_ssp585_r1i1p1f1_gr_20160101-20161231.nc 5 days ago
[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20170101-20171231.nc 5 days ago
(3 tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20180101-20181231.nc 5 days ago Preparation of the needed modules
[ tasmax_day EC-Earth3_ssp585_r1i1p1f1_gr_20190101-20191231.nc 5 days ago
[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20200101-20201231.nc 5 days ago from icclim import icclim
import numpy as n
[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20210101-20211231.nc 5 days ago i.mzrt net%ﬂ P
[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20220101-20221231.nc 5 days ago import matplotlib.pyplot as plt
[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20230101-20231231.n¢c 5 days ago ::::: :;:plotllb
rsds - SW Radiation Dn ps - Pressure evspsbl - Act. Evap (3 tasmax_day EC-Earth3_ssp585_r1i1p1f1_gr_20240101-20241231.nc 5 days ago ﬂport glob
port os

import datetime
rsus - SW Radiation Up pfull - Pressure vspsblsoi - Sol Evap [ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20260101-20261231.nc 5 days ago import cftime

[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20270101-20271231.n¢c 5 days ago
) print("python: ",sys.version)
(3 tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20280101-20281231.nc 5 days ago print("numpy: ", np.__version__)
(™ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20280101-202981231.nc 5 days ago print(“netCDF4: ", netCDF4.__version__)
, print("matplotlib: ", matplotlib.__version__)
[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20300101-20301231.nc 5 days ago
[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20310101-20311231.nc 5 days ago

D tasmin - Min. Temperature E] prc - Convective precipitation  (71) rhsmin - Min, Rel. Humidity sfcWind - Wind
D tasmax - Max. Temperature rhs - Rel. Humidity sfcWindmax - Max Wind

hus - Spec. Humidity The example calculates the number of summer days (SU indicator) for the dataset chosen by t

- Rel. Humidity

a
o

¢ Radiation ¢ Pressure @ Evaporation

rlds - LW Radiation Dn [[] psl-Sea level pressure evpsblpot - Pot. Evap (3 tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20250101-20251231.nc 5 days ago

rlus - LW Radiation Up evspsblveg - Canopy Evap
rsdsdiff - Diff. Radiation
clt - Cloud

python: 3.6.11 | packaged by conda-forge | (default, Aug 5 2020, 20:09:42)
[GCC 7.5.0]

- Trace Changes to Software and Data
SWIRRL-AP] - Restore Environments

| |
INFRASTRUCTURE FOR THE EUROPEAN NETWORK
FOR EARTH SYSTEM MODELLING



Interactive & reproducible Workspaces

Objective: Extend Community Portals with focussed & reproducible workspaces

Climate4lmpact Search for CMIP5/6 Cordex Data Incremental data staging/subsetting onto customisable and Reproducible
(Distributed Data) Notebooks (extensible to other tools..)

o o o

PARAMETER FREQUENCY EXPERIMENT

frequency:day experiment_id:ssp585 source_id:EC-Earth3

~ File Edit View Run Kernel Tabs Settings
4 Temperature » Precipitation + © c @ Launcher X | W Test-ICCLIM-Cdlipynb X

W8 / data / latest / B + X0 » = C » Markdown v
Name Last Modified

ta - Air temperature E] pr - Precipitation (90) D hurs - Rel. Humidity uas - Eastward wind

{2} swirrl_fileinfo.json 4 days ago
D tas - Temperature D prsn - Snow (72) ,:] huss - Specific humidity vas - Northward wind veino.} ) ysag |CCL|M C4| Demo
[ ta_Eday EC-Earth3_ssp585_r1i1p1f1_gr_20230101-20231231.n¢c 4 days ago
(™ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20150101-20151231.nc 5 days ago Example notebook that runs ICCLIM, which is pre-installed in the notebook.
[ tasmax_day EC-Earth3_ssp585_r1i1p1f1_gr_20160101-20161231.nc 5 days ago
[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20170101-20171231.nc 5 days ago

[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20180101-20181231.nc 5 days ago Preparation of the needed modules
[ tasmax_day EC-Earth3_ssp585_r1i1p1f1_gr_20190101-20191231.nc 5 days ago

[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20200101-20201231.nc 5 days ago from icclim import icclim

import numpy as n
[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20210101-20211231.nc 5 days ago i.mzrt netgl))lFat P

[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20220101-20221231.nc 5 days ago import matplotlib.pyplot as plt
[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20230101-20231231.n¢c 5 days ago 2:::: :;:plotllb

rsds - SW Radiation Dn ps - Pressure evspsbl - Act. Evap [ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20240101-20241231.nc 5 days ago import glob

import os

import datetime

rsus - SW Radiation Up pfull - Pressure vspsblsoi - Sol Evap [ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20260101-20261231.nc 5 days ago import cftime

[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20270101-20271231.n¢c 5 days ago

D tasmin - Min. Temperature E] prc - Convective precipitation  (71) rhsmin - Min, Rel. Humidity sfcWind - Wind
D tasmax - Max. Temperature rhs - Rel. Humidity sfcWindmax - Max Wind

hus - Spec. Humidity The example calculates the number of summer days (SU indicator) for the dataset chosen by t

hur - Rel. Humidity

a
o

% Radiation ¢ Pressure @ Evaporation

rlds - LW Radiation Dn [[] psl-Sea level pressure evpsblpot - Pot. Evap (3 tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20250101-20251231.nc 5 days ago

rlus - LW Radiation Up evspsblveg - Canopy Evap print("python: ",sys.version)
[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20280101-20281231.nc 5 days ago print("numpy: ", np.__version__)

[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20280101-202981231.nc 5 days ago print(“netCDF4: ", netCDF4.__version__)
print("matplotlib: ", matplotlib.__version__)

rsdsdiff - Diff. Radiation

clt - Cloud
[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20300101-20301231.nc 5 days ago
D) tasmax_day_EC-Earth3_ssp585_r1i1p1fi_gr_20310101-20311231.n¢ 5 days ago python: 3.6.11 | packaged by conda-forge | (default, Aug 5 2020, 20:89:42)

[GCC 7.5.0)

- Trace Changes to Software and Data
SWIRRL-AP] - Restore Environments

| |
INFRASTRUCTURE FOR THE EUROPEAN NETWORK
FOR EARTH SYSTEM MODELLING



Interactive & reproducible Workspaces

Objective: Extend Community Portals with focussed & reproducible workspaces

Climate4lmpact Search for CMIP5/6 Cordex Data Incremental data staging/subsetting onto customisable and Reproducible
(Distributed Data) Notebooks (extensible to other tools..)

o o o

PARAMETER FREQUENCY EXPERIMENT

frequency:day experiment_id:ssp585 source_id:EC-Earth3

~ File Edit View Run Kernel Tabs Settings
4 Temperature » Precipitation - © c @ Launcher X | [N Test-ICCLIM-CAlipynb X

W8 / data / latest / B + X0 » = C » Markdown v
Name Last Modified

ta - Air temperature E] pr - Precipitation (90) D hurs - Rel. Humidity uas - Eastward wind ¥ swirLfieintoJoon py—— |CCL|M C4| D
D tas - Temperature D prsn - Snow (72) ,:] huss - Specific humidity vas - Northward wind - ) emo

[ ta_Eday EC-Earth3_ssp585_r1i1p1f1_gr_20230101-20231231.n¢c 4 days ago

(™ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20150101-20151231.nc 5 days ago Example notebook that runs ICCLIM, which is pre-installed in the notebook.
[ tasmax_day EC-Earth3_ssp585_r1i1p1f1_gr_20160101-20161231.nc 5 days ago
[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20170101-20171231.nc 5 days ago

[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20180101-20181231.nc 5 days ago Preparation of the needed modules
[ tasmax_day EC-Earth3_ssp585_r1i1p1f1_gr_20190101-20191231.nc 5 days ago

[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20200101-20201231.nc 5 days ago from icclim import icclim

import numpy as n
[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20210101-20211231.nc 5 days ago i.mzrt net%ﬂ P

[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20220101-20221231.nc 5 days ago import matplotlib.pyplot as plt
[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20230101-20231231.n¢c 5 days ago ::::: :;:plotllb

rsds - SW Radiation Dn ps - Pressure evspsbl - Act. Evap (3 tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20240101-20241231.nc 5 days ago import glob

import os

import datetime

rsus - SW Radiation Up pfull - Pressure vspsblsoi - Sol Evap [ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20260101-20261231.nc 5 days ago import cftime

[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20270101-20271231.n¢c 5 days ago

D tasmin - Min. Temperature E] prc - Convective precipitation  (71) rhsmin - Min, Rel. Humidity sfcWind - Wind

D tasmax - Max. Temperature rhs - Rel. Humidity sfcWindmax - Max Wind

hus - Spec. Humidity The example calculates the number of summer days (SU indicator) for the dataset chosen by t

- Rel. Humidity

a
o

¢ Radiation ¢ Pressure @ Evaporation

rlds - LW Radiation Dn [[] psl-Sea level pressure evpsblpot - Pot. Evap (3 tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20250101-20251231.nc 5 days ago

rlus - LW Radiation Up evspsblveg - Canopy Evap print("python: ",sys.version)
[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20280101-20281231.nc 5 days ago print("numpy: ", np.__version__)

™ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20290101-20281231.nc 5 days ago print(“netC(DF4: ", netCDF4.__version__)

. print("matplotlib: ", matplotlib.__version__)
[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20300101-20301231.nc 5 days ago
[ tasmax_day_EC-Earth3_ssp585_r1i1p1f1_gr_20310101-20311231.nc 5 days ago

rsdsdiff - Diff. Radiation
clt - Cloud

python: 3.6.11 | packaged by conda-forge | (default, Aug 5 2020, 20:09:42)
[GCC 7.5.0]

3 - Trace Changes to Software and Data
SWIRRL-AP] - Restore Environments
Data

Binder

| |
INFRASTRUCTURE FOR THE EUROPEAN NETWORK
FOR EARTH SYSTEM MODELLING
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ENVRI

Interactive & reproducible Workspaces

Sl Non-authenticat... x ~

! @ Online Spatial Visualisation Py _

MAIN NAVIGATION

Q Discover

@ Active Workspace >
& Workspace Content

M Spatial Visualisation
& Temporal Visualisation

& Processing Model

EP™
@

EUROPEANPLATEOBSERVINGSYSTEM

3
Leaflet | Powered Dy Esd | Earthstar Geographics




soucr (MY ik &

! @ Online Spatial Visualisation i 3 —

MAIN NAVIGATION

Q Discover

@ Active Workspace >
& Workspace Content

M Spatial Visualisation
& Temporal Visualisation

& Processing Model

Combined Services around Datasets
Documented Analysis, Workflows, Visualisation

EPOS ICS Current Workspace: Volcano

Configurations l : Jupyter misfit_pgm_prov Last Checkpoint: Last Wednesday at 12:15 PM (autosaved) A Logout

HOTVOLC product' volcanic ash File Edit View Insert Cell Kernel Widgets Trusted & ‘Pythons fe)
config T B 4+ 3 @A B 4 ¢ HAn B C M Code

graph = WorkflowGraph()
graph.connect (streamProducerReal, 'output', norm, 'input')
graph.connect (streamProducerSynth, ‘output’', norm, 'input')
graph.connect(norm, 'output mean', pgm _mean,'input')

. L. ) graph.connect(norm, 'output max', pgm max, 'input')

& Volcanic activity config graph.connect (pgm_max, ‘output', match, 'input')

graph.connect (pgm_mean, 'output', match, 'input')
graph.connect (match, 'output’,write_stream, 'input’)

return graph

graph=buildWorkflow()

from dispeldpy.visualisation import display
display(graph)

( sueamProducerRealO\ ( sueamProduoerSynch\

( Oy qt )
input

NormPE1
\ output_mean ] output_max )

4 4

input input )
PeakGroundMotion3 PeakGroundMotion4

N output DaleN output )

TN

mnput
Match5

\output )

WriteGeoJSON6




ENVRI

EPOS Distributed Solid Earth Data Combined Services around Datasets
Documented Analysis, Workflows, Visualisation

S bt Non-authenticat EPOS ICS Current Workspace: Volcano

- e Y . B R EEEEEEEE == S
. Y EPOS-ICS-Demo - /' X | =m Delivering solid Ear' X ' 25 Search | EPOS X { G sesfriprojects - Goc X [9 epos-no.org X GGlobal Monitoring © X ( ( Project Database | © X | _ EPOS/WS-2017-11. X ( _ Load dataworksho X / [ Enlighten
Online . . . . . \
, Spatnaansuallsatlon < C () | ® cmr-lap-175.ad.cmrno:S7806/#/view/Report%202017
g - .. \ : I Apper Diverse EPOS Grafikk Programmering Olje&Gass Python CM-PM-RCM Importert SUCCESS E FileSender Jottacloud Glider
e e
Q Discover ; PAGE 1 PAGE 2
BerggrunnWMS
B Active wOrkspace > rest/data/moho_depth/depth/0t

GeofysikkWMS2

- @ En en

MarinBunnsedimenterWMS

& Workspace Content
M Spatial Visualisation
& Temporal Visualisation
MarinGeofarerWMS

& Processing Model

NPD factmaps

@ @

SkredUstabileFjellpartiWwMS

Dataset

EPOS

EUQOPEANPLATEOBSE]?\:INGSYSTEM BerggrunnWMS

Layers
BerggrunnWMS - Nasjonal berggn

Bergartsflate 1:250000 .
. i1 LA b
Bergartsflate 1:250000 oo oot fiaifitRinibii -’..‘“‘:. T :"r“'}.‘m i

Ll » .
=l
o o2.® e §oon

Bergartsgrense 1:250000

Berggrunn raster - tegnforklaring ~

Berggrunn_raster_N250

Raster oversikt

Raster detalj - @

rest/data/moho_depth/longitude/0—
116 117 118 119 120

Lineamenter
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ENVRI

notebook provide/manage a service environment in a Session/ServicePool e

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

m /notebook/{id}/snapshot Creates a notebook snapshot

PUT /notebook/{id}/restorelibs/{activityId} Restore Notebook libraries from a previous update

PUT /notebook/{id} Update Notebook libraries

m /notebook/ {id} Retrieves the running notebook for the given notebookld.

‘ P/ JE3 I8 /notebook/{id} Deletes notebook for the given notebookld.

Run/Monitor Workflows in a Session



SWIRRL—API

notebook provide/manage a service environment in a Session/ServicePool

ENVRI

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

m /notebook/{id}/snapshot Creates a notebook snapshot

‘v PUT ‘ /notebook/{id}/restorelibs/{activityId} Restore Notebook libraries from a previous update

‘: PUT ‘ /notebook/{id} Update Notebook libraries

m /notebook/{id} Retrieves the running notebook for the given notebookld.

{ b/ JE3188 /notebook/{id} Deletes notebook for the given notebookld.

workflow Run/Monitor Workflows in a Session

/workflow/{workflowId}/run/ Runs the specified workflow on a work space (notebook)

m /workflow/{workflowId}/run/{runId}/ Return the status of the workflow given by the given runid.

COMMON
WORKFLOW
LANGUAGE




FEERS

SWIRRL-AP! ENVRI

notebook APl Method’s are traced " varuser ) Vv

adopting provenance Templates
POST /nof

prov:type prov:Person

dare:authMode var:authmode
POST / no dare: gr(?up var:group

veard:uid var:name

/ ; actedOnBehalfOf
no
var:workflowld var:runAgent var:K8Srecipe
/nof
prov:type prov:Plan prov:type dare:deploymentPlan
. H :SoftwareAgent
/n01 var:volumePrev prov:type provone: Workflow Val'gen:Flle Szoa:d?:; s::namew:rie gen vargen:wf[nput var:SystemImage dare:version var:version
'- s-prov:workflowName var:workflowName ) ) P prov:atLocation varrrecipeloc
/ nao hadMember used wasAssociatedWith wasAssociatedWith Jused

prov:atLocation var:atLocation prov:itype  s-prov: WFExecutionInput I dare:SvstemImase
vargen:Data s-prov:checksum var:checksum prov:value var:parvalue P yp o y g
s-prov:format var-format s-prov:name var:parname dare:systemImageReference var:systemImageReference

workflov

wasDerivedFrom fhadMember wasGeneratedBy

~ ——— .
POST / ' dare:sessionld  var:sessionld
! ot one-Dat prov:atLocation var:method_path
provitype provone:taia tmpl:endTime variendTime
, tmpl:startTime var:startTime ——
L. ———

prov:type dare:Storage
dare:sessionld  var:sessionld
prov:generatedAt var:generated At
uuid:uid var:volumeld

vargen:workflowRun




SWIRRL-API (Provenance)

provenance

Provenance Storage, Acquire, Query, Exploit

/provenance Saves provided provenance template expansion.

GET /provenance/session/{sessionId}/activities Returns the list of activities that are related to the session with their id's properties

GET /provenance/activity/{activityId} Returns the information about an activity based on the activityld *

Provenance info
IS searchable
accessible/
actionable

FAIRness of
Operations

{"@graph": [

{"swirrl:serviceld": “15c0e8a0-19f4-43ff-a619-b99845c01280",
"swirrl:sessionld": “a99f05e9-7570-46a3-b046-3c442able23d",
"@type": [

"Resource”,

"prov:Activity",

"swirrl:CreateNotebook"],
“‘prov:person”: "johnp",
"@id": "urn:uuid:375felaa-7957-4f19-81de-6549962fdbb4",
"prov:endedAtTime": "2020-12-01T14:32:05.000Z",
"prov:startedAtTime": "2020-12-01T14:31:21.3377"},

{"swirrl:serviceld": "15c0e8a0-19f4-43ff-a619-b99845c01280",
"swirrl:sessionld": "a99f05e9-7570-46a3-b046-3c442able23d",
"@type"”: |

"Resource”,
"prov:Activity",
"swirrl:Update"],

“prov:person”: "johnp",

"@id": "urn:uuid:daddea98-eb60-40d2-98e6-b2f026348da7",

"prov:endedAtTime": "2020-12-01T14:32:46.137Z",

"prov:startedAtTime": "2020-12-01T14:32:36.2527"
1."@context": { .1

ﬂ@

JSON LD



Lese
.....

-_—.-

SWIRRL-API (Provenance)

: File Edit View Run Kernel Tabs Settings Help

000c°”
------

‘ n ' [ Launcher X | ) swirrl_fileinfo.js X = ) swirrl_fileinfo.js X = W] Test-ICCLIM-C:® @ = huss_AFR-44_EX = hurs_AFR-44_E X &
- ,J S IRRL B + 0O » m C » Markdown Python 3 O |
v ython
provenance
) & Notebook idle
Github (1) ICCLIM C4l Demo

/provenand._

Example notebook that runs ICCLIM, which is pre-installed in the notebook.

() LOGIN

* The example calculates the number of summer days (SU indicator) for the dataset chosen by the user on C4l
/provenanc
Please review your access using this link to revoke your access tokens.

) Preparation of the needed modules

/Provenan Create Snapshot @ from icclim import icclim

import numpy as np
import netCDF4
import matplotlib.pyplot as plt
import matplotlib
import sys
import glob
. import os
Data staging (i) import datetime
import cftime

Provenance Inf aCtiOnable prJ:.nH"python: ",sys.version) )
. pr}n ::gmpy: '.',"npr.‘g_version;grSion
s searchable provenance e I e
accessible/ Activities (D

actionable

Snapshot name [ SNAPSHOT

Specification of the parameters and period of interest

£» LOAD ACTIVITIES # studied period
dtl = datetime.datetime(2015,1,1)
dt2 = datetime.datetime(2019,12,31)

FAI R Ness Of Type Created at Action
O pe rati ons Library UpdateZ 2021-03-18 15:43 £ RESTORE

pip install prov

out_f = 'su_icclim.nc'
filenames = glob.glob('./data/latest/tasmax_day*.nc')

icclim.indice(indice_name='SU', in_files=filenames, var_name='tasmax', slice_mode='JJA', time_rar

matplotlib.use('agqg"')

SnapshotZ 2021-03-18 15:42 e OPEN
nc = netCDF4.Dataset(out_f)
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Workflow 2021-03-17 08:44 time = cftime.num2date(time([:], time.units, time.calendar)

year_list = np.array([t.year for t in time])
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Architectural Components

ESGF
[Software System]

Earth System Grid
Federation
https://esgf.linl.gov/

Prov-Template Catalog
[Software System|]

Contains the templates and
expands provenance bindings

using the stored templates.

This can also be hosted inside
the same kubernetes cluster as
the rest of swirrl-api

[Person]

swirrl-api

searches L7 I
¢ I
/ , / Queries/Requests expansion
Queries/Requests expansion [HTTP{REST]
Cal frontenq [HTTP/REST] , opendap
[Component: L7 ! [Component: docker/CWL]
TypeScript/React] y,
_ ’ ‘ swirrl-workflow Docker image containing
web frontend allowing user to L’ [Container: technology] CWL workflow for OPenDAP
: select data and store it into ! subsetting and downloading.
I an existing hotebook or / Queues and runs workflow.
! L7 PR Only one workflow will be
[ 7 .
’ allowed to run simultaneousl
: ’ .7 ’ on a session ’ Faie
Cal"S , submit workflows [Component: docker/CWL]
Y 4
[REST] L7 [fp’aChe el stores Docker image containg CWL
: L’ [oott] workflow for downloading a
I
I

[Container: java]
provides end points for
clients to create notebooks
and workflow jobs.

1
creates 1
[kubernetes] 1
1

swirrl session
[Container: jupyter]

name
\‘sw\irrl-api]

Running notebook container.

Database
lbolt] ' [Container: neo4j graph
database]

Provenance database

jupyter notebook
[Component: jupyter]

Jupyter notebook image
deployed by swirrl-api and
used by user




Future Work

* AAl in C4l/SWIRRL
(Deployment Based - C41/EPOS)

* Restore Snapshot from Git onto SWIRRL
* Registration of new workflows
» Collaborations & Use Cases

(remote subsetting workflows WPS, analysis and visual analytics of
seismic data - Enlighten integration)



