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Data-centric research lifecycle
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“Virtual Research Environments (VREs) provide user-centric support for discovering and selecting data and software services from different

sources and composing and executing application workflows, ..." (Jeffery et al., 2020)




How to support data-centric experiments

Computational notebooks

o

o

o

o

Widely used by researchers
Documentation and visualization alongside
code

Interactive code execution

— developing and tweaking models

Virtual research environment

o

o

o
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Collaboration

FAIR data, models and services

Remote infrastructure

Scaling up models (e.g. porting prototype to
large-scale cloud environment)

— sharing mature models & more

Combined, they are NaaVRE
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Research activities and Jupyter extensions
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Notebook-as-a-\VRE and Virtual Labs

naavre.lifewatch.dev/vreapp X = +

NaaVRE virtual research environments

A collection of virtual research environments powered by NaaVRE.

If you wish to help us improve NaaVRE, follow this short tutorials and fill in this form.
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1. PROTOTYPE MODEL IN NOTEBOOK

From notebooks to cloud workflows

2. CONTAINERIZE CELLS
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From notebooks to cloud workflows

1. PROTOTYPE MODEL IN NOTEBOOK
2. CONTAINERIZE CELLS

naavre.lifewatch.dev/vreapp X | T equ24-icos-n... - Jupyter X | + v
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NaaVRE workflow parameters
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From notebooks to cloud workflows

3. COMPOSE A WORKFLOW: Customize data flow and input

An experiment is a workflow of services, with
customized input data and infrastructure
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From notebooks to cloud workflows
4. RUN THE WORKFLOW: Automate the workflow components deployment and execution
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Workflow submitted! You can track it h?Le

C \D
Zhou, H., Huy, Y,, Ouyang, X,, Su, J., Koulouzis, S., Laat, C., Zhao, Z.: CloudsStorm: A framework for seamlessly programming and controlling virtual infrastructure functions during the DevOps

lifecycle of cloud applications. Softw: Pract Exper. 49, 1421-1447 (2019). https:/doi.org/10.1002/spe.2741
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Hands-on NaaVRE



Starting point

Get started at
https:/new.demo.naavre.net

[m] 2=~ [m]
[m]: EPeed

4/ Starting your virtual lab
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Pick your collaborative virtual labs

#® NaaVRE PaaS
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Logged in as Gabriel
Pelouze
[Logout]
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Pick your collaborative virtual labs

=% Informatics

@ NaaVRE PaaS x LifeWatch VL X -+

C O 8 &= new.demo.naavre.net/jupyter/hub/login?next=%2Fjupyter%2F
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Sign in
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LieWtch

Your server is starting up.
You will be redirected automatically when it's ready for you.

If the spawn fails unexpectedly, reload this page to try again.

» Event log

2025-06-10T09:33:14Z [Normal] Started container notebook

4 Starting your virtual lab




Start your virtual lab

@ NaaVRE PaaS x LifeWatch VL X -+
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“~ jupyterhub Home Token Admin

LieWtch

Your server is starting up.
You will be redirected automatically when it's ready for you.

If the spawn fails unexpectedly, reload this page to try again.

2025-06-10T09:33:14Z [Normal] Started container notebook

» Event log
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The
NaaVRE
interface

.~ The NaaVRE interface

Manage local files —

Manage your _
work with Git
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Create a notebook

1. Create a new notebook

“\ Your first workflow
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Create a notebook e m—— x
« 5 C O 8 =2 new.demo.naavre.net/jupyter/user/gabriel.pelouze@lifewatc! ¥ Y =
: File Edit View Run Kernel Tabs Settings Help
1. Create a new notebook e
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Create a notebook S — .

« (&) O B =2 new.demo.naavre.net/jupyter/user/gabriel.pelouze@lifewatc’ ¥ =
~ File Edit View Run Kernel Tabs Settings Help
1. Create a new notebook m | = Untiteapynn x|+ %
. B+ XD 0O » m C » code v ~ Openin.. #¥ Python [conda env:vanilla] O =
2. Write some code ° "
# Input Llist
names = ["Alice"”, "Bob"]
- [2]: # Process list "B N L |
In Python for name in names: =
E’:é print(f"Hello, {name}!")
o Hello, Alice!
# Input List » I Hello, Bob!
names = ["Alice", "Bob"]
# Process list
for name in names:
print(f"Hello, {name}!")
InR
# Input List
names = list("Alice", "Bob")
# Process Llist
for (name in names) {
print(sprintf("Hello, %s!", name))
}
Simple 0 2 @ Python [conda envivanilla] | Idle  Mode: Command & Ln3,Col29 Untitied.ipynb 0 [
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Create a notebook

1. Create a new notebook
2. Write some code
3. Containerize the cells
a. open the component containerizer

“\ Your first workflow

@ NaaVRE PaaS x  Z Untitled.ipynb - Jupyter x = +
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- [2]: # Process Llist
for name in names:
[‘rj] print(f"Hello, {name}!")
. Hello, Alice!
Hello, Bob!
ANALYZE CELL
Simple 0 2 & Python [conda env:vanilla] | Idle  Mode: Command @ Ln3,Col23 Untitied.ipynb 0 [




Create a notebook

1. Create a new notebook
2. Write some code

3. Containerize the cells
a. open the component containerizer
b. select the cell you want to containerize
and click on “Analyze Cell”

“\ Your first workflow
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[1]: # Input Llist
names = ["Alice", "Bob"]

# Process Llist
for name in names:
print(f"Hello, {name}!")

Hello, Alice!
Hello, Bob!

Mode: Command @ Ln1,Col13 Untitled.ipynb 0 [\




Create a notebook

1. Create a new notebook
2. Write some code

3. Containerize the cells
a. open the component containerizer
b. select the cell you want to containerize
c. if needed, adjust the variable types

InR List

In Python  List (set automatically)

“\ Your first workflow

e

=
o

»

@ NaaVRE PaaS x  _ Untitled.ipynb - Jupyter x = + 53
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[1]: # Input Llist b
names = ["Alice", "Bob"]
input-list-gabriel-pelouze-life... S hrocees Diot
for name in names:
print(f"Hello, {name}!")
names (@
Hello, Alice!
Hello, Bob!
ANALYZE CELL
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Base Image E

[ Force recontainerization
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Create a notebook

1. Create a new notebook
2. Write some code

3. Containerize the cells
a. open the component containerizer
b. select the cell you want to containerize
c. if needed, adjust the variable types
d. selectthe base image

InR r

In Python python

“\ Your first workflow
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Laserfarm/Untitled.ipynb

input-list-gabriel-pelouze-life...
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ANALYZE CELL

vanilla

python
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biodt-hackathon25

laserfarm

[ Force recontainerization

CONTAINERIZE

Simple (| 0 2 {& Python [conda env:vanilla] | Idle

[1]: # Input Llist
names = ["Alice", "Bob"]

# Process Llist
for name in names:
print(f"Hello, {name}!")

Hello, Alice!
Hello, Bob!

Mode: Command @ Ln1,Col13 Untitled.ipynb 0 [\




Create a notebook S — .

& > @ O 8 =2 new.demo.naavre.net/jupyter/user/gabriel.pelouze@lifewatc! ¥ Yy =

7~ File Edit View Run Kernel Tabs Settings Help

1. Create a new notebook = = Untitied.pyn X+ %
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3. Containerize the cells - |
a. open the component containerizer - npuisrasbrierpeionzertie # process List
select the cell you want to containerize &2 — BEUR(ETHELIS) Anoee i)

Hello, Alice!

b

c. if needed, adjust the variable types » Hello, Bob!
d. selectthe base image

e. containerize the cell

ANALYZE CELL

Outputs

names List ~ X

Base Image

python|

[ Force recontainerization
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CONTAINERIZE
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Create a notebook

1. Create a new notebook
2. Write some code
3. Containerize the cells

a.

| -~ ™ o n O

open the component containerizer
select the cell you want to containerize
if needed, adjust the variable types
select the base image

containerize the cell

well done!

repeat steps b—e for other cells

“\ Your first workflow
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for name in names:
m print(f"Hello, {name}!")
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Hello, Alice!
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Create a workflow e .
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Create a workflow

1. Open the experiment manager

“\ Your first workflow
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Create a workflow

1. Open the experiment manager
2. Dragand drop the cells onto the canvas

“\ Your first workflow
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Create a workflow

1. Open the experiment manager
2. Dragand drop the cells onto the canvas
3. Connect the cells

“\ Your first workflow
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Drag and drop the cells onto the canvas o .
Connect the cells
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Execute the workflow
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Create a workflow S ——

& > @ O 8 =2 new.demo.naavre.net/jupyter/user/gabriel.pelouze@lifewatc! ¥ Yy =

Open the experiment manager

Drag and drop the cells onto the canvas
Connect the cells

Execute the workflow

FwnN =

Run Workflow

(% Make recurring

“\ Your first workflow




Create a workflow T pyre—

& > @ O 8 =2 new.demo.naavre.net/jupyter/user/gabriel.pelouze@lifewatc! ¥ Yy =

s X

Open the experiment manager

Drag and drop the cells onto the canvas
Connect the cells

Execute the workflow

Well done!
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Run Workflow

@

Workflow submitted! You can track it here

“\ Your first workflow
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& > @ O 8 =2 new.demo.naavre.net/jupyter/user/gabriel.pelouze@lifewatc! ¥ Yy =

1. Click on the link to open the workflow manager,
Argo
2. If needed, login toargo

Run Workflow

@

Workflow submitted! You can track it here

“\ Your first workflow




Monitor a workflow

1. Click on the link to open the workflow manager,

Argo
2. If needed, login to argo
3. Check your workflow status

“\ Your first workflow
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WORKFLOW DETAILS
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Exercises

Start the Open Lab and the exercises in Open Lab/Git public/exercises/ :
e  Exercise 1: Workflow parameters and secrets
e  Exercise 2: Splitter and merger to create parallel workflows
e  Exercise 3: File management

[M] Exercise 1 params and secrets.ipynb

© EE=E e.ipynb

Exercise 3 file management.ipynb

split and merg
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B8 / Open Lab / Git public / exercises / B+ XDO»>» = C» Mrdown v o O#t ~Openin.. &

Name - -

- Exercise 2: Splitter and merger

In this exercise, we learn how to use the splitter

@ NaaVRE PaaS x  Z Solution 2.n... - Jupyter/x =+ X
<« C O B = new.demo.naavre.net/jupyter/user/gabriel.pelouze@lifewatch.eu/lab/tree/Op ¥ =
: File Edit View Run Kernel Git Tabs Settings Help
™ + C Y [%] Exercise 2 split and merge X Solution 2.naavrewf L %

Bsave <>Export »Run

Cells Catalog (&) -3
[A] Exercise 1 params and secrets.ipynb

0 [ Exercise 2 split and merge.ipynb Q LN

[A Exercise 3 file management.ipynb

B / Open Lab / Git public / exercises /

Name a

:= | [A solution Lipynb and merger. This is useful to process data in Notebook as a i= | [A solution 1.ipynb titled-gabriel-pel 0)
D) Solution T.naavrewf parallel with the workflow. ;‘e':::ich D Solution 1.naavrewt unttecrgadnotpe ouz.:.
= | [A solution 2.ipynb ) ) : Environment [A Solution 2.ipynb
@ [ Solution 2 5 We start with the tutorial workflow (Your first NoaVRE 24 te-fil bri ®
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» Solution dpymb the merger. The cells are copied in this » Solution 34pyrb 5
B Solution 3naavrewt notebook, so that you can modify them directly. B Solution 3.naavrewt ex3-3-upload-file-gabr... (i) names @ @ A d
bl
# ex2 1: input list
names = ["Alice”, "Bob"] ex3-2-plot-file-gabriel-... (7)
Step 1
ex2-3-print-list-gabriel... (i)
Modify cell 2 to create a variable sentences , instead of printing the message:
sentences = [] ex2-1-input-list-gabriel... @
for name in names:
sentences.append(f"Hello, {name}!")
ex2-2-process-list-gab... (7)
simple 1@ 2 & 4 main Python [conda env:vanilia] | ldle  Mode: Command ® Ln1,Col1 Exercise 2 split and merge.ipynb 0 [ Simple 1M 2 & @ man Solution 2.naavrewf 0 [




Laserfarm Virtual Lab

Scenario: map vegetation characteristics using LiDAR data.

LiDAR raw data Laserfarm workflow Data products

National or regional Efficient, scalable and distributed High-resolution LiDAR metrics Y|fang Shi
Airborne Laser Scanning (ALS) processing of multi-terabyte LIiDAR across space and time .
surveys point clouds | Bl
Ecosystem height (2020-2022) ’
4‘\1 > , e . 4 g
~ Ecosystem height (2014-2019) T P

950 percentie of mosmalizod heigH (m)

Examples: g

LiDAR point cloud datasets Re-tiling Eeor e A T

from the Netherlands e
Ecosystem height (1996-2003)

(AHN1, AHN2, AHN3, AHN4)

Normalization ‘

v
Feature extraction

I

Rasterization

AHN4

Latitude

Data acquisition LIDAR  Retrieval to local
(laser scanning) point clouds data storage Longitude

Exercise

e  Start the Laserfarm virtual lab
e Runthenotebook Laserfarm/Git public/exercises/Laserfarm.ipynb

Discuss the implications of processing large files in a notebook

Containerize the cells and build a workflow
Add splitters and mergers to parallelize the data processing. Discuss with your classmates and tutors to figure out out where to add them




Laserfarm workflow

[ S1 Fetch laz files
e
S
A\ -
[ S2 Split big laz
=,
M+S
A\ '__
[ S3 Retile laz files
M
A\ -'_
[ S4 Unique tiles
=
S _
Y s
i ————
[ S5 Extract features
==
M i
v _—
i ————
[ S6 Save GeoTlFF
A\
[ S7 Figures

List of .Iaz files

List of smaller .l1az files

List of tiles (with duplicates)

List of tiles (no duplicates)

List of feature maps

Aggregated feature map




Laserfarm workflow
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Laserfarm workflow results

Getting the output: open the file browser and go to:
naa-vre-user-data/vl-laserfarm/small_terschelling/ahn3/
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Other datasets: explore values of
param_minio public dataset prefix:

ahn3
ahn4

small terschelling

vl-laserfarm
/ medium_ameland

Other datasets: change value of param_feature_name

List: https:/laserchicken.readthedocs.io/en/latest/#features
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https://laserchicken.readthedocs.io/en/latest/#features
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