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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)

Data-centric research lifecycle



     

     
How to support data-centric experiments

● Computational notebooks
○ Widely used by researchers
○ Documentation and visualization alongside 

code
○ Interactive code execution
○ → developing and tweaking models

● Virtual research environment
○ 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

https://doi.org/10.1002/spe.3098


     

     

NaaVRE PaaS
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Notebook-as-a-VRE and Virtual Labs



     

     
From notebooks to cloud workflows

4. RUN IT IN THE CLOUD1. PROTOTYPE MODEL IN NOTEBOOK 2. CONTAINERIZE CELLS 3. COMPOSE A WORKFLOW

Catalogue

Container
registry



     

     
From notebooks to cloud workflows
1. PROTOTYPE MODEL IN NOTEBOOK
2. CONTAINERIZE CELLS

Encapsulate user-selected cells as 
standardized services and containerize them as 
reusable components.

Code cell



     

     

An experiment is a workflow of services, with 
customized input data and infrastructure
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From notebooks to cloud workflows
3. COMPOSE A WORKFLOW: Customize data flow and input
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From notebooks to cloud workflows
4. RUN THE WORKFLOW: Automate the workflow components deployment and execution

https://doi.org/10.1002/spe.2741


     

     
VRE and Virtual Lab co-development framework



     

     

Hands-on NaaVRE



     

     
Starting point

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

🚀 Starting your virtual lab

https://staging.demo.naavre.net


     

     
Sign in

🚀 Starting your virtual lab



     

     
Pick your collaborative virtual labs

🚀 Starting your virtual lab



     

     
Pick your collaborative virtual labs

🚀 Starting your virtual lab



     

     
Start your virtual lab

🚀 Starting your virtual lab



     

     
The 
NaaVRE 
interface

🪐 The NaaVRE interface

Manage your 
work with Git

Containerize cells

Create and run 
workflows

Create notebooks

Manage local files

     

     



     

     
Create a notebook

1. Create a new notebook

🔨 Your first workflow



     

     
Create a notebook

1. Create a new notebook

🔨 Your first workflow



     

     
Create a notebook

1. Create a new notebook
2. Write some code

In Python

In R

# Input list
names = list("Alice", "Bob")

# Process list
for (name in names) {
    print(sprintf("Hello, %s!", name))
}

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

# Input list
names = ["Alice", "Bob"]

🔨 Your first workflow



     

     
Create a notebook

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

a. open the component containerizer

🔨 Your first workflow



     

     
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”
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🔨 Your first workflow



     

     
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

In Python

In R List

List  (set automatically)

🔨 Your first workflow



     

     
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. select the base image

🔨 Your first workflow

In Python

In R r

python



     

     
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. select the base image
e. containerize the cell

🔨 Your first workflow



     

     
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. select the base image
e. containerize the cell
f. well done!

g. repeat steps b–e for other cells

🔨 Your first workflow



     

     
Create a workflow

1. Open the experiment manager

🔨 Your first workflow



     

     
Create a workflow

1. Open the experiment manager

🔨 Your first workflow



     

     
Create a workflow

1. Open the experiment manager

🔨 Your first workflow



     

     
Create a workflow

1. Open the experiment manager
2. Drag and drop the cells onto the canvas

🔨 Your first workflow



     

     
Create a workflow

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

🔨 Your first workflow



     

     
Create a workflow
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2. Drag and drop the cells onto the canvas
3. Connect the cells
4. Execute the workflow

🔨 Your first workflow



     

     
Create a workflow
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Create a workflow

1. Open the experiment manager
2. Drag and drop the cells onto the canvas
3. Connect the cells
4. Execute the workflow
5. Well done!

🔨 Your first workflow



     

     
Monitor a workflow

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

2. If needed, log in to argo

🔨 Your first workflow



     

     
Monitor a workflow

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

2. If needed, log in to argo
3. Check your workflow status

🔨 Your first workflow



     

     
Exercises
Start the Open Lab and the exercises in  Open Lab/Git public/exercises/ :

● Exercise 1: Workflow parameters and secrets
● Exercise 2: Splitter and merger to create parallel workflows
● Exercise 3: File management



     

     

Scenario: map vegetation characteristics using LiDAR data. 

Yifang Shi

Laserfarm Virtual Lab

Exercise
● Start the Laserfarm virtual lab 
● Run the notebook  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

S2 Split big laz

S3 Retile laz files

S4 Unique tiles

S5 Extract features

S6 Save GeoTIFF

S7 Figures

S
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M
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List of tiles (with duplicates)

List of tiles (no duplicates)

List of feature maps

Aggregated feature map

List of .laz files

List of smaller .laz files



     

     
Laserfarm workflow



     

     
Laserfarm workflow results

Getting the output: open the file browser and go to:
naa-vre-user-data/vl-laserfarm/small_terschelling/ahn3/

Other datasets: explore values of 
param_minio_public_dataset_prefix:

small_terschelling

medium_ameland

ahn3

ahn4
vl-laserfarm / / /

Other datasets: change value of param_feature_name
List: https://laserchicken.readthedocs.io/en/latest/#features

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


THANKS!


