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RENKU

€ RENKU iE4)

Environment for collaborative, reproducible data science

Concepts

* Tracking of scientific steps to create
data lineage, i.e. a knowledge graph

* Updating of out-dated results
* Tool to re-use or re-run analyses
* Sharing of analyses

Usage
* Command Line Interface
* Web platform

Features

RENKU is based on :

Gitlab

JupyterHub

Kubernetes

Keycloak

Common Workflow Language

 Moreinfo



https://renku.readthedocs.io/en/latest/index.html
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CASE STUDY - DESCRIPTION
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Study sites
Six sites with a strong precipitation gradient

along the North Australian Tropical Transect.

A AdelaideRiver

@ Litchfield

[ DalyUncleared *
Y% DryRiver ®
@ SturtPlains

4 HowardSprings :
O

N

A

=
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Vegetation Optimality Model
Optimizes vegetation properties to
maximize the Net Carbon Profit, i.e. the
difference of carbon uptake by
photosynthesis and carbon costs of the
system.

Research Question

Does maximization of Net Carbon Profit
explain vegetation behaviour in savanna
sites along a precipitation gradient?

See session HS10.1 General Ecohydrology, Thursday 7th of May 8.30 —

10.15 for the scientific results!



https://meetingorganizer.copernicus.org/EGU2020/session/35566

LUXEMBOURG
INSTITUTE OF SCIENCE
AND TECHNOLOGY

LISTEC

Luxembourg National
................................. Fund

* Repeatability important: Always newer
i ; versions available! :
— New insights A, e e
- Bugs ' Input data “ :
* “Failures” should not be ; Meteorological data SILO DataDrill [
be forgotten! : Atmospheric CO,-levels Mauna Loa |,
1 AN N - 1
. bk ' | Soil and Landscape Grid of Australia o
E Never bug- N R R S o ~ e =)
A freel . _1Anaiyses E
T TR AN S ; .
: @ Always under Python-scripts pre/processmg |
. \7__development! 1St K :
L AT VOM-code ;
& = :
AL Python-scripts post-processing i

" Never satisfactory -\-\\\\\
: | s T A E T
L.atoncel . i Validation data

1

3 Flux tower CO,-assimilation :

I \ THAL I

-“ ! Flux tower evaporation :
A 1

" \ Fpar-based vegetation cover | 1

5 l--------------------------
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GETTING STARTED... | st

1. Register at renkulab.io

SWITCH edu-ID

GitHub

Forgot Password?

Login

2. Create a new project

New user? Register
" s S ——

)

)
g R
T

New Project

Title

A brief name to identify the project

Description

A description of the project

A description of the project helps users understand it and is highly recommended.

Project Home

remko.nijzink /

By default, a project is owned by the user that created it, but it can optionally be created within a group.

Template

* Gitlab-repository j

‘The simplest Python-based renku project with a basic directory structure and necessary supporting files.

* Platform for collaboration and | " |

Public

sharing of data and code



https://renkulab.io/
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GETTING STARTED...

Working with RENKU:
* Local through command line
* Online through JupyterLab Clone the project locally
-> No local software needed!

. 1 |
Introduction I - Easy for collaboration!
Case Study remko@ERIN-RNI-30243: ~/renku_egu

- Use RENKU on File Edit View Search Terminal Help

remko@ERIN-RNI-30243:~/renku_egu$ git clone git@renkulab.io:remko.nijztnkfvomcases.gitl

§ JupyterLab
Conclusions ¥
@ [wmpoorsearcn.. | Q| Projects Datasets &
VOMcases @ pui
Running Start a new interactive environment j) .
= . 2. Start with JupyterLab

fodcdac - Remko Nijzink - 2020-04-28 17:28:08

Docker Imat 1R available |
DefaultEnvironment Pyt 3
o
Number of CPUs
(o> CIRIE B B

lN;erj’my _ Terminal Tt File
é@@‘ 1. Create environment :
e More info

7


https://renku.readthedocs.io/en/latest/tutorials/first_steps/04_juypterlab.html

DATASETS

Challenges 2222727
 Different versions of data
* Data continuously updated
* Increasing size

¢ Different ways of
distributing data:
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Input data
Meteorological data SILO DataDrill

Atmospheric CO,-levels Mauna Loa
A = 5} AN ~

~ Repositories \ Soil and Landscape Grid of Australia \
, - Servers SR T S RN T e Ll T
- Email 1Anaiyses E

Python-scripts pre-processing \
/
Shell-scripts 74

VOM-code
‘\\\ﬁ‘.h‘
Python-scripts post-processing
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How to link final outputs to the
original, unchanged and
permanent data source?

Final
result

'v'a'.ia;aa;a;t':'\l'\k\'““““
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|

TR 1
Flux tower CO,-assimilation I
\ A I
1

|

|

1

Flux tower evaporation
\

\ Fpar-based vegetation cover
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DATASETS

Solving it with RENKU

1. Create a dataset in the
repository
* Adds metadata

* Automatically under git
large file storage (git-Ifs)

2. Add data with RENKU
* Directly from source

* Metadata saved in

- e.g. DOI, hyperlink

repository!

| Moreinfo

How to link final outputs to the
original, unchanged and
permanent data source?
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! 7977799 ¥ .

Input data
Meteorological data SILO DataDrill

Atmospheric CO,-levels Mauna Loa
Xl 1T\ ~

\ Soil and Landscape Grid of Australia \

.Analyses "

Python-scripts pre-processing
/

Shell-scripts 4

VOM-code
\;

Python-scripts post-processing

:'v'a'na;aar:a;;a'\ﬁ\k\'““““'

Flux tower CO,-assimilation
WEY

\ Flux tower evaporation \
\

| Fpar-based vegetation cover |

result

Final E
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TRACKING FILES

Challenges

* Different versions of data,
code and scripts

* Linkage between files
unclear

¢ Complex computations
with many options, flags,
settings etc.

Input data
Meteorological data SILO DataDrill

Atmospheric CO,-levels Mauna Loa
AN ~

\ Soil and Landscape Grid of Australia \

---------\‘-- !- e L L

e o AT \

| .
i Python-scripts pre-processing :
1 L 1
1| Shell-scripts 2, :
. VQN:code ;
I 12 '
1 . tmm A 1
1 Python-scripts post-processmg 1
| 1
(N NN [ ]

Validation data\ '\ \

1 1
[ | [ |
: Flux tower CO,-assimilation :
1 \ \ 1
Final : Flux tower evaporation .
| |
l :
|

How to track how final outputs

are exactly created with which
-“ tools, data, and settings?

10

\
\ Fpar-based vegetation cover

result




LUXEMBOURG
INSTITUTE OF SCIENCE
AND TECHNOLOGY

UsTo @

TRACKING FILES | ] oot et

Solving it with RENKU

* Tracks inputs and Input data
outputs Meteorological data SILO DataDirill

* Detects arguments

* Git-history shows how
the file was created!

Helpful for reproducibility
and repeatability!

| Moreinfo

Atmospheric CO,-levels Mauna Loa
AN ~

\ Soil and Landscape Grid of Australia \
""""'\-'-'- %“f;’;f""""""'
---------- J.. - h------
1Analyses - '\ \1\ :
Python-scripts pre-processing

Shell-scripts _?_l

VQNscode
19 H

Python- scrlpts post processing

L
----------'- ..7h '--------'
} Validation data N=< \ :
: Flux tower CO,-assimilation 1
1 LA :
- 1 Flux tower evaporation
Final : '
1 |
|

How to track how final outputs

are exactly created with which
-“ tools, data, and settings?

11
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REPRODUCING RESULTS

Challenges

* Different versions of data,
code and scripts

* Linkage between files
unclear

* Complex computations
with many options, flags,
settings etc.

Input data
Meteorological data SILO DataDrill

Atmospheric CO,-levels Mauna Loa
AN 2 ~

\ Soil and Landscape Grid of Australia \

Bvih -~ n ! Need to re-do
ython-scripts pos -proces= everything

below...

'.\'\'.\'i'.f.'.'.'.'.'.'

Flux tower CO,-assimilation
\ A

|
1
1
|
1
Final . Flux tower evaporation
;
|

) .----------- - - - - -------.
! 1Analyses "
: 1 : : "
1 Python-scripts pre-processing N
| 7 1
> ——< 1 Shell-scripts : 74 '
7777?7 1 1 V M_Code I-------ﬂ-------
L : ~ “ Code is updated!!
:
|

Validation data

How to easily update results in
exactly the same way as the

- “ outdated results were created?

12
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REPRODUCING RESULTS
Solving it with RENKU
Renku status
* Detects changes

* Shows if files are up-to-
date

| Moreinfo -

Renku update

Input data
Meteorological data SILO DataDrill

Atmospheric CO,-levels Mauna Loa
AN 2 ~

\ Soil and Landscape Grid of Australia \

Bvih -~ n ! Need to re-do
ython-scripts pos -proces= everything

below...

'.\'\'.\'i'.f.'.'.'.'.'.'

Flux tower CO,-assimilation
\ A

|
1
1
|
1
Final . Flux tower evaporation
:
|

. (Tl T 0 e TR T AT CaaNEre ol
§ * Repeats analysis 1Analyses :
* Updates all outputs : Python-scripts pre;processing :
based on newest inputs A A% : Shell-scriptso / :
2222221 1 VOM-code T T w4
L : S ‘. Code is updated!!
:
|
]

Validation data

How to easily update results in
exactly the same way as the

- “ outdated results were created?

13

R s

\
\ Fpar-based vegetation cover

result




Introduction I
Case study I

Conclusions

KNOWLEDGE GRAPH

Challenges

* Lineage from inputs to
outputs often not clear

* Different versions of code:
what was used?

¢ Complex computations
with many options, flags,
settings

* Not clear which files are
affected when inputs
change

How to see exactly and
, completely how the results are
| produced and affected by
changes?
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Atmospheric CO,-levels Mauna Loa

AN N\ Na

\ Soil and Landscape Grid of Australia

:Analyses

Python-scripts pre-processing

7 1

Shell-scripts £ ]
VOM-code ;

T '

1

1

Python-scripts post-processing

Flux tower CO,-assimilation

A\

Flux tower evaporation
\

\ Fpar-based vegetation cover
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[sre_pyfwrite_namelist.py

A change here affects the
outputs:

* knowledge graphs helps to
analyze consequenses

Inputs/outputs

]
"
1
e
1
"

Tasks

Solving it with RENKU
Renku log

Scientific result * Shows lineage from
; — inputs to outputs

’ \ - * Creates knowledge

graph

Jdata/VOM_output/HowardSprings/freedrainage_cpcffl.0/sce_best Isre_pylplot_et_ass.py Jdata/DINGO/Ea_howard.

Etot [mm/d]
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Conclusions

* Renkulab.io provides a platform for collaborative science by sharing code, data

and workflows.
See here -

* The Renku Jupyterlab allows working on a collaborator’s project without

installing software.
See here =

* Renku provides systematic way to store metadata of datasets and link to the

original sources
9 See here »

* Data lineage can be preserved from original data source until final results.
See here >

* Renku can repeat analyses in order to update results, based on the latest

inputs.
See here »

* Knowledge graph shows full data lineage for reproducibility and repeatability,

and assessment of the influence of changes.
See here =

Want to get started? Click here for a tutorial.



https://renku.readthedocs.io/en/latest/tutorials/01_firststeps.html
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remko@ERIN-RNI-30243: ~frenku_egu aE e Create a dataset in
File Edit View Search Terminal Help .
the repository

DATASETS

remko@ERIN-RNI-30243:~/renku_egu$S renku dataset create Maunaloa

Creating a dataset ... AddS metadata

remko@ERIN-RNI-30243:~/renku_equ$ I

Automatically under git
large file storage (git-Ifs)

More info>

remko@ERIN-RNI-30243: ~/renku_egu M)« Add d
ata
File Edit View Search Terminal Help .
From online sources
remko@ERIN-RNI-30243:~/renku_egu$ renku dataset add Maunaloa http://scrip

psco2.ucsd.edufassets/datafatmospheric/stations/in_situ co2/weekly/weekly I m port W|th DO I
in_situ co2 mlo.csv

dding data to dataset [ 1 1/1 http i
://scrippsco2.ucsd.edu/assets/data/atmospheric/stations/in_situ_co2/weekl Local fIIeS
dding data to dataset [ 1 1/1 More |nf0>

Back >

Introduction I
Case study I

Conclusions

remko@ERIN-RNI-30243:~/renku_egus$ I

18



https://renku-python.readthedocs.io/en/latest/commands.html#module-renku.cli.dataset
https://renku-python.readthedocs.io/en/latest/commands.html#module-renku.cli.dataset

TRACKING FILES

remko@ERIN-RNI-30243: ~frenku_egu

File Edit View Search Terminal Help
remko@ERIN-RNI-30243:~/renku_egu$ renku run bash run vom.sh ../../data/vOM input/HowardSprin
gs/dailyweather.prn vom_namelist ../. .,-fSrchDMfVDM_Fortran;VOM—code,-’*l

Introduction I

Previous

19

Conclusions

Case study
;. remko@ERIN-RNI-30243: ~frenku_egu

File Edit View Search Terminal Help
remko@ERIN-RNI-30243:~/renku_egu$ git log data/VOM_input/dailyweather.prn
co (HEAD -> master)

Remko Nijzink <remko.nijzink@list.lu=>

Thu Apr 30 13:27:38 2020 +0200

renku update

ink@list. lu>

]
Thu Apr 3@ 13:27:38 2820 +0200

renku: automatic removal of unchanged files

Date: Thu Apr 30 1 2020 +0200

renku run python3 src_py/write_dailyweather.py -im data/SILO/howard.txt -ic data/MaunaL
oa/weekly_in_situ_co2_mlo.csv -p linear -o data/VOM_input/dailyweather.prn
remko@ERIN-RNI-30243:~/renku_egu$

History shows how the file was created
e - helpful for reproducibility and repeatability!
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Renku run

Tracks inputs and
outputs

Detects arguments

Adds information as
commit to the output

More info

Back >


https://renku-python.readthedocs.io/en/latest/commands.html#module-renku.cli.run
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REPRODUCING RESULTS

remko@ERIN-RNI-30243: ~/renku_egu
File Edit View Search Terminal Help

Everything up-
gzmﬁ:gﬁgﬁﬂ;:!i;ioz43:~frenku_egus renku status tc)_(jzatee!

remko@ERIN-RNI-30243:~/renku_egu$ []

Introduction I
Case study I Renku status
- ] remko@ERIN-RNI-30243: ~/renku_egu a6

File Edit View Search Terminal Help DeteCtS ChangeS
remko@ERIN-RNI-30243:~/renku_egu$ renku status

On branch master Shows if files are

Files generated from newer inputs:

(use "renku log [<file>...]" to see the full lineage) LJF)_t()-(jEitEB

(use "renku update [<file>...]" to generate the file from its latest inputs)

Conclusions

: src_py/write_dailyweather.pyi#5

More info

Input files used in different versions:
(use "renku log --revision <shal> <file>" to see a lineage for the given revis
ion)

src_py/write_dailyweather.py: 5

remko@ERIN-RNI-30243:~/renku_egu$ I

Need to update

|
Previous Next OutpUtS.
ESEi(:I( [:::::>

20



https://renku-python.readthedocs.io/en/latest/commands.html#module-renku.cli.status

Introduction I

Previous
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Next

Case study I

Conclusions

REPRODUCING RESULTS

remko@ERIN-RNI-30243: ~/renku_egu

File Edit View Search Terminal Help

remko@ERIN-RNI-30243:~/renku_egu$ renku update

Resolved '.renku/workflow/21b601c544df4dc8872173d045c3d8d6.cwl' to 'file:///home

Jremko/renku_egu/.renku/workflow/21b601c544df4dc8872173d045c3d8d6.cwl’

[workflow ] start

[workflow ] starting step step 1

[step step_1] start

[job step_1] /ftmp/tmp4gpm8jflS cp \
Jtmp/tmptjlyrl2o/stg2e3ad4e46-0fc8-4bc-af40-55831c9b59%aefevi_adelaide. txt
pc_mod. txt

[job step_1] completed success

[step step_1] completed success

[workflow ] completed success

remko@ERIN-RNI-30243:~/renku_egu$ I

Renku update

Repeats analysis
Updates all outputs based
on newest inputs

More info

LUXEMBOURG
INSTITUTE OF SCIENCE
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Fund



https://renku-python.readthedocs.io/en/latest/commands.html#module-renku.cli.update
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Renku

Conclusions
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Next

KNOWLEDGE GRAPH

remko@ERIN-RNI-30243: ~frenku_egu

File Edit View Search Terminal Help
remko@ERIN- RNI 30243:~/renku_egu$ renku log data/VOM_input/dailyweather.prn

3 data/VOM_input/dailyweather.prn
part of directory)
data/VOM_input

directory)

low/7a0f71ededff4874beb50b793b93b2f8 python3.cwl

: (part of d

e src py{wrlte dallyweather py ShOWS hOW f||eS

are linked

= data/Maunaloa/weekly in_situ co2 mlo.csv
(part of directory)
= data/Maunaloa
(part of directory)
(latest -> ) data
; data/SILO/howard.txt
(part of directory)
» data/SILO
(part of directory)
( -> ) data
-RNI-30243:~/renku_egu$ I

More on the knowledge graph...

LUXEMBOURG
INSTITUTE OF SCIENCE
AND TECHNOLOGY
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Luxembourg National
Fund

Shows commit
hash

Renku log

Shows lineage from
inputs to outputs

Creates knowledge

graph
More info>

Back >


https://renku.readthedocs.io/en/latest/user/knowledge-graph.html?highlight=knwoledge%20graph
https://renku.readthedocs.io/en/latest/user/knowledge-graph.html?highlight=knwoledge%20graph
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The VOM-results at Howard Springs (in red), the wettest site along
the North-Australian Tropical Transect, show that the VOM under-
estimates total evaporation mainly during the dry season (i.e. the

lower parts in the time series) in comparison with flux tower

observations (blue). This happened similarly at Adelaide River, the
second wettest site of the NATT, and this could be explained by the
freely draining conditions of the soil column that have been adopted

to parameterize the model.

‘Backtoknowlegde graph  Next |
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https://renku-python.readthedocs.io/en/latest/commands.html#module-renku.cli.dataset
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In comparison with other
models, the VOM shows
a correct seasonal
amplitude in most cases
and performs equally
well or better than these  —
other models. However,

Kn 160 Howard Springs
3 < o

—

180 Litchfield

0

=

%28 Adelaide River

Inputs/

T — an off-set in assimilation
& 14079 an 1Y i .
- , £ oo \ # can be observed in the
i 4 I | transition from the wet to

-

the dry season (days 50-
150). N

=

Model data from:
Whitley et al. (2015): Biogeosciences 13 e
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https://renku-python.readthedocs.io/en/latest/commands.html#module-renku.cli.dataset
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The vegetation cover predicted by the VOM (red) shows similar
seasonal patterns as remotely sensed fPar-based vegetation cover
(blue). However, the vegetation cover predicted by the VOM always
reached 100% during the wet season, consistently for all sites,
whereas the remotely sensed fPar-based vegetation cover (blue)
N shows much lower values during the wet season. o

‘Backtoknowlegde graph  Next |
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https://renku-python.readthedocs.io/en/latest/commands.html#module-renku.cli.dataset
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See session HS10.1 General Ecohydrology, Thursday
7th of May 8.30 — 10.15 for more scientific results! —
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https://renku-python.readthedocs.io/en/latest/commands.html#module-renku.cli.dataset
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