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Interactivity

Security

« Encrypted protocol (https)
* Multi-factor authentication

Web-based access

JupyterLab

Remote data science desktop
Distributed computing
Development environments

* Novel interactive
data analysis

« Exploratory
visualisation tools

Dissemination

 Web-based data dissemination
* Visualisation services
« Secure file transfer (ftps)

Machine Learning

« Specialized hardware
- Artificial Intelligence and
Deep Learning modelling
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VOIS library {, > vois library

VOlla Simplification library

Its goal is to make life easier for the creation of impactful Voila

dashboards 3
CS .

Partially developed in the context of the CSSMESH4EOSC E‘ggg

Horizon2020 project lead by CERN Connecting European Data

Currently in IP clearance and security checks phase for the publication
as open source on the https://code.europa.eu following European
Commission Decision of 8 December 2021 on the open source
licensing and reuse of Commission software 2021/C 495 1/01.
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https://code.europa.eu/

Voila UOL

A Jupyter notebook extension to automatically create standalone
applications and dashboards.

Notebooks are rendered by showing only the output of the cells, while
the code is hidden.

Suitable for non-technical experts for communicating insights and
foresight to a wider audience.

Single environment for full data analytics workflows from research and
Innovation to outreach engaging policy makers and citizens.
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Widgets

Widgets are the part of a GUI that allows the user to interface with the
application.

Widgets can make Jupyter notebooks look lively and interactive, by using
elements like buttons, drop-down lists, sliders, etc.

They allow users to interact with the notebook, manipulate output
according to the selection of widget and controlling events. Can be used
to record user’s input and implemented easily in a Jupyter notebook.

Ipywidgets is the standard open-source python library used to create
many types of widgets. It is easy to use and the first choice for
dashboards creation.

European
Commission



https://ipywidgets.readthedocs.io/en/stable/index.html

Ipywidgets

IntSlider

Slider:

BoundedIntText

Bounded Int: | 4

Text

String: | Hello World!

Textarea

String: | Helle World!

RadioButtons

Options: @ option 1
option 2
option 3

SelectMultiple

Options: option 1
option 2
option 3

Dropdown

Mumber: | 1

Checkbox

Check me

Button

+ Click me

DatePicker

Pick a Date | dd/mm/yyyy

IntProgress

Progress: -
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Widgets

The look&feel of the ipywidgets, cannot be customized, and when there
IS the need to create fancy looking applications in Jupyter or Voila, more
modern widgets library come to play their role.

Ipyvuetify is a widget library for making modern looking GUI’s in Jupyter
notebooks and Voila dashboards. It's based on the Google material
design philosophy. It is a porting of the vuetifyjs JavaScript library.

A large set of widgets is provided with many widgets having multiple
variants. Widgets are “composable” (any widget can contain a list of
other widgets) allowing for the creation of rich and engaging user
experiences.



https://ipyvuetify.readthedocs.io/en/latest/index.html
https://vuetifyjs.com/en/

Ipyvuetify
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Components
vuetifyjs ipyvuetify

leafletjs & ipyleaflet

SVG «
CSS3 allnl]

ipyevents &

Plotly ,ﬁ—i—&,




Objectives
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Facilitate full exploitation of ipyvuetify/vuetify.jJs components with less code

Consistent usage of widgets variants/colors/themes

Allows for fullscreen applications (possibly avoiding scrollbars)
Support multiple screen resolutions: responsiveness
Compound elements created from groups of widgets

Layered components (popup-menus, dialog-boxes, etc.)
Multipage applications

Advanced geo-spatial visualizations

Custom interactive charts

Cloud €= local system data exchange
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Facilitate

vois library

from vois.vuetify import button

def onclick{*args):
print({ ‘Clicked!"}

bl = button.button('Test button’,
width=38a,
tooltip="Tooltip for button’,
icon="mdi-car-light-high",
onclick=onclick)

bl.draw()

Test button 2D
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import ipywvuetify as v

def onclick{widget, event, data):

print( "Clicked!")

icon

button

button.on_event('click', onclick)

Ipyvuetify

v.Icon{class _="pa-@ ma-@ ml-2",

large=False,
color="black",

children=[ "mdi-car-light-high"])

v.Btn({color="amber",

class ="black--text”,

dark=False,
icon=False,
depressed=True,
outlined=False,
large=True,
dizabled=False,
width=388,
height=36,

children=["'Test button', icon],

rounded=True,

style ="font-size:

button.v_on = 'toeltip.on’
tooltip = v.Tooltip(color=settings.tooltip backcolor,
transition="scale-transition”,

bottom=True,

17; font-weight: 458; text-transform: none;')

v_slots=[{'name': ‘activater®, ‘variable’:
children=[ 'Tocltip for button'])

container = v.Container(children=[tooltip])

container

Test button

%

‘tooltip’, ‘children’:

button }],



Consistency

from vois.vuetify import settings

settings.dark_mode
settings.color_first

settings.button rounded

False
‘#51baeb’
False

from vois.vuetify import settings

settings .dark_mode
settings.color_first

settings.button_rounded

True
‘#38a231"'
True

@ S2extract X

c

+

@ LZWcompress

@ 3 bits per pixel

INDEX DATE  MGRS CLOUD
1 2025 aNFL 4
0228
2 2023 4 INFK 7
0228
3 2023 muu 13
02-07
4 2023 oNRK 10
02-05
5 2023 oNRH 5
0205
) 2023- ... .
SHrits ]
B02, B03, B04 X -

8@ jeodpp.jrc.ec.europa.eu/eu/dashboard/voila/render/GMES4AFRICA/S2extract.ipynb

Max cloud cover

2023-03-02

Mopti

i
4 | Burkina
Faso

e #Bobo-Dioulasso

8B c
arhogo | Tamale
@ Ghana
vd B e g =
1 umasi
- :Abrdjan o~
= Accra

Units 1.3, D.6 - BDAP

Contains Clear map and products list

Tanzania

@
e Kanem ai\S &
Batha dxiJl
]
Niamey ; N'Djaména
Sokoto Nasdl
A e L
Keno Borno
Kaduna® Jos ©Bauchi Upper Nife
Niger :
Bénin! .
;- llorin Nigeria Yola
R Makurdi \ 9
lbagan o TSR Kodorosese South Sudan Jonglei
s Enugu ti Béafrika
Logleﬁgmlqyovu o - République s
; N o { Centrafricaine SAESSEm
Warri Uyo | Equatoria 5
"PQ'E,",‘é'CW“; Yaoundé “e/ Juba
e & © £st . Bas-Uele 4
Malao, f Hout-Uele
]
/ }
Praal Pid e UMY qumase f | Bunia/
/') Guirfea'Ecuatorial § ¥ Uganda
/& PR
(o/ L. . { 7 ok Tehopo. Q 7
SaoTome Libgeville 5 G ELLCL b Kampala |
Tshudba
-~ Gabon Congo. 3 !
) \ 4 \
\ 24 g Rwanda
~ { MaiNdombe Maniemo ¢ e
R ) Répliblique Burundi
- o damdcratique X
e S Kinshasa Kwilu du Congo (1
Pointe:Noire \) TbOTS
Mbuiji-Mayi Kalemie ==
€ Kwango o {
\ \
\ ¥ \
\ Uige Haut-Lomomi R
/ Lunda Norte 5 3
/e
Luanda o ]
\ Maian Lunda Sul\Lualoba
\
\ Kolwezi o Haut-Katanga

© 2022 - Joint Research Centre

Lubumbashi

L5yl o T
" G -
{7 o
Djibouti
7 vees |
Hargeysa -
2U8P \luzyn
AEPRS
MoIA DAL [
Somali

Marsobit

Kenya
@
Nairobi

Arusha

Pre
product

ew

Muqdisho
5
7

ipyleaflet | ® OpenStreetMap contributers



Consistency: themes

= Energy consumption example dashboard

Couniry:
Bulgaria, Croatia, X -

Denmark, Finland,

Select the Year:

VOIS library manages
the light and dark

Greece, Hungary

CHART TABLE STATIC MAP DYNAMIC MAP

2020 Total energy consumption

+ 64.5862 - 8.1814
—— 484.02

theme for all the
widgets

Sector:

Industrial

. Normalize by Population

Subdivision by sector:

With a single setting a

Transports
dashboard theme can Commeraial
be Changed Households Industrial

27.7%
23324.89)

from vois.vu ¢ import settings

settings.da (105729)

Households
29.1%

(24529.0)

Commercial

HOME

a "

— 379.33
274.64
DK
HU
169.94
HR
BR
65.25

KTOE per 100K inhabit.

contributors &

ipyleafiet | @

ABOUT US TEAM SERVICES BLOG
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Fullscreen

Dashboard can
occupy the full
space of the page

A main bar with title,
buttons, icons is
displayed on top

A footer bar with
some copyright
information is
displayed on the
bottom

@ Sherpa X +

(¢ @ jeodpp.jrc.ec.europa.eu/eu/dashboard/voila/render/SHERPA/Sherpa.ipynb
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Responsive

@ Cotectombpionn » +
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Dashboards can be
made responsive to
change in the
browser page size

Graphical elements
and font sizes con
adapt to different
page sizes

Collections Explorer 2.0
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Fullscreen & responsive: how to?

VOIS library makes extensive use of these CSS3 «tricks» and JavaScript
resources to dynamically resize interface elements and text sizes:

Fullscreen dialogs: https://vuetifyjs.com/en/api/v-dialog/

CSS vw and vh units: https://css-tricks.com/fun-viewport-units/

CSS calc(), min(), ...:  https://css-tricks.com/a-complete-guide-to-calc-in-css/

CSS Media queries:  https://css-tricks.com/a-complete-guide-to-css-media-queries/

Vuetifyjs breakpoints: https://vuetifyjs.com/en/features/display-and-platform/

European
Commission
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Composition

The VOIS library
defines composite
widgets that containg
multiple ipyvuetify
widgets to solve
complex tasks

Examples:

a float range slider
managing default
values

a multi-switch widget
for collecting
multiple boolean
options

a sortable list of
complex items
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Layered widgets:

Using ipyvuetify and the VOIS
library it is possible to easily create
widgets that pops-out of the
screen:

Pop-up menus

Pop-up windows for capturing
user interaction without
changing what is displayed on
the screen

This is not possible using the
standard ipywidgets library

18
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P-ups

"\ Collections Explorer 2.0:
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LAYERS
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Layered widgets: dialog-boxes

Modal dialog-boxes
can be opened to
request user input

Any widget can be
added to the dialog
content

On the right an
example of some
overlapping dialog-
boxes that
implement a legend
editor for geospatial
vector dataset
thematization

() coliections Explorer 2.0: GIS browsing

LAYERS o P

© Buropean Commussian - Joint Research Centre



Multipage applications

Support for multi-
pages application
development

On the right an
example of the
Sherpa application
for Air Quality
monitoring
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Geo
spatial

The VOIS library
has some modules
dedicated to
geospatial data
visualization

On the right an
example dashboard
to interactively
create a bi-variate
or tri-variate
choropleth map, i.e.
a map
representation
where the colors of
the polygons
depend on two or
three data attributes
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Custom charts: SVG + Ipyevents
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Some time the chart
you want is not
available in
Plotly/Bokeh/Matplotlib:

- SVG!

Tooltip and highlighting
of elements while the
mouse is moved are
done by SVG/CSS
instructions

Click events (that cause
an update of the
drawings) are managed
by ipyevents

European
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Pseudocode used

Custom charts: SVG + by the VOIS library:
ipyevents (2]: from ipyevents import Event

# Function called at each click
def handle_event{event):

DISpIay the SVG x = event["relativex']
’ y = event[ ‘relativey’]
# Re-display the updated 5VG...
output.clear output(wait=True)
with output:

svgstr = createSVG()
display(SVG(svgstr))

A

OAS 83U} 31ealo-ay

# ipywidgets Output
output = widgets.Output()

# Create the Event manager
dh = Event(source=output, watched events=['click'])

dh.on_dom_event{handle_event)
’ # Display the 5VG in the Output
Un erstand where with output:
IC

eC was svgstr = createSVG()
display(SVG{svgstr))

Capture clicks
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Custom charts: SVG + Ipyevents

Similar example: vois.svgHeatmap.py module

Tooltips and highlight of cells is managed by CSS, the click events are managed by ipyevents

Brun svgHeatmap.py

fmport pardas as pd
import numpy as np
df = pd.DataFrame(np.randos, randon{(20,50)))

heatmapChart(df, widthe6S.0, height«$d.0, hTitles5.0, wiitlea5.0, fontsize«0.8, decimalsel)

Heatmap
Column

R o - L . B - e O =
OW o =« ¢ mn o » o n - ¢ "
- ' R
~




Cloud € ->local data exchange

Upload and
download of data is
possible with a
dedicated widget:
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® Dir. A Strategy, Work Programme a...
JRC

® A5 Scientific Development Name CANHEMON -
- @ Dir. B Growth and Innovation Project/WP ID/WP leader Caneiion WPK 1d 3628
® B.1 Finance and Economy .
Unit D1
B3 Terrrlc:rlaIDevelopment Contact person Pieter Beck
B.6 Digital Econom
- g v Description We are svaluating (individual) tree canopy health

~ [ Dir. C Energy, Transport and Climate

using passive remote sensing data from
dedicated (multispectral, hyperspectral, and
thermal) airborne campaigns and multispectral
satellite imagery.

¥ C.2 Energy Efficiency and Rene..

® C.4 Sustainable Transport

® C.5 Airand Climate

® C.6 Economics of Climate Cha...
-~ [ Dir. D Sustainable Resources

Thematic area environment, forestry, agriculture, bicdiversity,
bictic disturbances, plant health, pests

- Partner DG SANTE
¥ D.1 Bio-economy
® D.2 Water and Marine Resources Software environment ~ Fython, &, C++
Data type used DMC (airborne), Daedalus (airberne), SpotSTakes,

® D.3 Land Resources

Skybox, Sentinel-2
¥ D.4 Economics of Agriculture !

. Data coverage ApD km2 near Castele Branco (PT) and 30km2in
& D.5 Food Security Extremadura (ES). In the future, an area in Puglia,
™ D.6 Knowledge for Sustainable ... (Im)
-~ [ Dir. E Space, Security and Migration Estimated data volume 1.57TE
M E.1 Disaster Risk Management Task leader PK, Pister Kempeneers, 1.3, AD, 20160216, n/a,
® E.3 Cyber and Digital Citizens' S... Remots sensing and image processing
& E.5 Transport and Border Secur... Active Yes
¥ E.6 Demography, Migration and... LDAP-Group EC_JRC_P_CANHEMON
-~ M Dir. F Health, Consumers and Refer.. ~ L DAP-Users 13 i
- A
Use-cases [ Search Q
INDEX USE-CASE NAME UNIT DESCRIPTION THEMATIC AREA PARTNER SOFTWARE ENVIRONMENT DATATVPE DATA ESTIMATED DATA START o B
DG USED COVERAGE VOLUME DATE DATE .
Agenda.
400 km2 near
. . ) . Castelo Branco
We are evaluating (individual) tree canopy health environment, forestry, DMC (airborne), (PT) and 30 km2
2 CANHEMON D1 usi ng-pas:snre remote sensing data from ded_lca‘ted a.gnf:ultlule, biodiversity, SANTE Python, R, G+ D?edalus in Extremadura - 2016~ 2022-
(multispectral, hyperspectral, and thermal) aitborne biotic disturbances, plant (airborne), (ES). Inthe 0%-01 12-31
campaigns and multispectral satellite imagery. health, pests Spot5Takes, S ﬁ.nu;e an areain
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Takeaway

Voila’ demonstrated its versatility in both allowing for quick&dirty
notebook conversion and in creating fully fledged web applications

VOIS library is used inside the European Commission BDAP Cloud
Platform to communicate scientific results to a wider audience

It greatly expands the capacity of Voila and of the standard widgets
library to visually present and interact with complex datasets

It favors code reuse and sharing amont data scientist/devevopers

It will be soon available as an open source library on the
https://code.europa.eu EC gitlab repository
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Thank you

and keep In touch:
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