N\ LangDev
% CON2024

Open Science principles in software product lines:
The case of the UVL ecosystem

David Romero-Organvidez, José A. Galindo, Megha
Bhushan, Jose-Miguel Horcas, David Benavides

§ N v )

: 9 UNIVERSIDAD
{517 DE MALAGA




% LangDev
o CON2024

Open Science principles in software product lines:
The case of the UVL ecosystem

David Romero-Organvidez, José A. Galindo, Megha
Bhushan, Jose-Miguel Horcas, David Benavides

m &3 uvlhub.io n Q( flamap

Open Science







nhwbhHE

Variability and Software Product Lines
Yet another language: UVL

UVLHub and Open Science

flamapy

Conclusions




nhwpbhHE

Variability and Software Product Lines
Yet another language: UVL

UVLHub and Open Science

flamapy

Conclusions




1. Variability and Software Product Lines

7.? Y

Software Product... what?



1. Variability and Software Product Lines
Paella!




1. Variability and Software Product Lines
Paella!

Paella Paella de marisco Paella de verduras
valenciana (seafood paella) (vegetable paella)

Arroz con cosas Paella de arroz negro Paella de pollo
(rice with things) (seafood paella) (chicken paella)



1. Variability and Software Product Lines
Mass production

Mass production

Producing efficiently a
large amount
of standarized products




1. Variability and Software Product Lines
Mass customization — A set of product

Paella Paella de marisco Paella de verduras
valenciana (seafood paella) (vegetable paella)

Arroz con cosas  Paella de arroz negro Paella de pollo
(rice with things) (seafood paella) (chicken paella)




1. Variability and Software Product Lines
SPL

Mass
Customization

of Software
Products

O .SPL

Components 2000’s

‘Objects 8
& 1980’s frameworks
Modules 1990’s
1970’s
® “producing software to meet
Subroutines individual customer's needs with

1960’s near mass production efficiency *
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2. Yet another language: UVL

A typical example

Smart watch configurator

Select your features

Screen type Sport tracking
@® standard screen Running
QO touch screen (O skiing

[0 Hiking
Other features

Energy management
O Payment

(0 GPSlocation ® Basic
O Ssolar



2. Yet another language: UVL

Variability Model

Common features
Screen
Energy
management

Variable features

* Payment

Variability Model




2. Yet another language: UVL

Variability Model

N

Qﬂ

»:

- 28

Common features

Screen
Energy
management

»- X

Variable features

# Payment

Sports
tracking



2. Yet another language: UVL

A typical example of feature model

energy

management

25

smartwatch

., | sports

screen payment gps < tracking

/A\ » +
I
J
|
|

touch standard |<-~-~' running

hiking

basic

advanced
solar

skiing




2. Yet another language: UVL

A typical example of feature model

smartwatch
. | sports energy
screen payment gps < N L ol e
/A\ A + /./_\.\
I
I
|
1
touch standard |<---' running hiking basic davanced
solar
skiing

.
!

Mandatory

Ooptional

//‘55\\\ Alternative ____.  Requires

-

or

<-->

Excludes




2. Yet another language: UVL
MODEVAR initiative

MODEVAR

International Workshops on Languages for
Modelling Variability

2019 2020 2020 2021 2022 2024 2024
France Germany Canada U.K. Austria  Switzerland Luxembourg

e ——




2. Yet another language: UVL

namespace smartwatch

features
smartwatch

mandatory
screen
alternative
touch
standard
"energy management"
alternative
basic
"advanced solar"
optional
payment
gps
"sports tr
or

&
0
o
e
=
Q

running
skiing
hiking
constraints
! (payment & standard)
"sports tracking" => gps

Universal Variability Language




2. Yet another language: UVL

A typical example of UVL (smartwatch)

namespace smartwatch

features
smartwatch
mandatory
screen
alternative
touch
standard
"energy management"
alternative
basic
"advanced
optional
payment
gps
"sports

or

tracking"

running
skiing
hiking
constraints
! (payment & standard)
"sports tracking" => gps

solar"

smartwatch
_] sports energy
PETERD RAymEn 9ps < tracking management
A A /A\
1
|}
L
L}
touch standard < --! running hiking basic anvanced
solar
skiing
l Mandatory //‘55;\\ Alternative Sa Requires
L optional A or <--> Excludes




2. Yet another language: UVL

Language Level

Boolean Arithmetic Type
Group Feature String
Cardinality Cardinality AigEtegates Contraints
| = = |
| S |

A A Y
‘Core<—----------C0re4--"-"""-"' -1 Core

Benavides, David and Sundermann, Chico and Feichtinger, Kevin and Galindo, José A. and Rabiser, Rick and Thim,
Thomas, Uvl: Feature Modelling with the Universal Variability Language. Available at SSRN:
https://ssrn.com/abstract=4764657 or http://dx.doi.org/10.2139/ssrn.4764657

Chico Sundermann, Stefan Vill, Thomas Thiim, Kevin Feichtinger, Prankur Agarwal, Rick Rabiser, José A. Galindo, and
David Benavides. 2023. UVL- Parser: Extending UVL with Language Levels and Conversion Strategies. In 27th ACM
International Systems and Software Product Line Conference - Volume B (SPLC ’23), August 28-September 1, 2023,
Tokyo, Japan. ACM, New York, NY, USA, 4 pages. https://doi.org/10.1145/3579028.3609013



https://ssrn.com/abstract=4764657
https://dx.doi.org/10.2139/ssrn.4764657
https://doi.org/10.1145/3579028.3609013

2. Yet another language: UVL

An example of arithmetic level

features
smartwatch
mandatory
screen
alternative
touch {Power 3}
standard {Power 2}
"energy management" {Power 5}
optional
payment {Power 4}
gps {Power 2}
Integer Watt
"sleep tracking" {Power 2}
constraints
sum (Power) <= Watt




nhkwpbHE

Variability and Software Product Lines
Yet another language: UVL

UVLHub and Open Science

flamapy

Conclusions




3. UVLHub and Open Science
UVL dataset

4

o @




3. UVLHub and Open Science

Dataset in science

Lots of datasets!

They are IMPORTANT
because...

 Evidence base
 Reproducibility
* New findings

* Collaboration
* Transparency
 Education



3. UVLHub and Open Science

Dataset in science

1? ur
2 =
-

1

Private Lost, corrupt,
repositories incomplete...

System down



3. UVLHub and Open Science

Key Principles
Open
Access
N
Open n Open
gy Educational

Methodolo
n Sci Resources
e,,cQ
Open Peer I I o Open
p . pen Sc‘e(\ p
Review Data

Source

/>

iiQ < Open /\/




3. UVLHub and Open Science

Open Open Open
Educational Data source
Resources .)\/ /




3. UVLHub and Open Science

Can The Open Science provide a solution
to my UVL dataset problem?



3. UVLHub and Open Science

Different initiatives

C

OpenAlRE
Open Access

Infrastructure for
Research in Europe

INVENIO) Open Access
Research R it
Data epository
Management

(CERN)



3. UVLHub and Open Science

Zen0d0

Different initiatives

But in Zenodo you can load ANY
kind of dataset, not only UVL...



3. UVLHub and Open Science

How do | control that only UVL datasets
are uploaded?



3. UVLHub and Open

Cosrtents liets svailabie ot ool
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UVLHub: A feature model data repository using UVL and open science =
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David Benavides
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3. UVLHub and Open Science
Sneak peek

Search datasets & @ Login Signup

é uvlhub.io

Datasets Latest datasets
(@ Home

Smart Governance Product Line [None) Hub statistics

April 27, 2024 at 11:09 AM

=] 24 datasets

This dataset models a (service-oriented) software product line that represents the features and

; : ! : 3 [ 1489 feature models
variability of collaborative e-governance systems and services that could be deployed in public

Let's get started!

institutions. @ 2302 datasets viewed
Mufoz-Hermoso, Salvador @ 109 feature models viewed
http://uvihub.io/d0i/10.5281/zenodo.12687539 D 4, 1276 datasets downloaded

+, 15475 feature models downloaded

@ View dataset &, Downicad (3.81KB)

Related publication
Software Strategies = David Romero-Organvidez, José A. Galindo,

Chico Sundermann, Jose-Miguel Horcas,
David Benavides. UVLHub: A feature moedel
Compilation build This model is the first version of the model for defining Software Strategies data repository using UVL and open science
principfes, Journal of Systems and Software,
2024, 112150, ISSN 0164-1212,

htbmnmilldad mecas MINAANAC H (e AT A NMINAEN

April 23, 2024 at 09:16 AM

Olivero, Miguel (Universidad de Sevilla) (0000-0002-6627-3699)
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uvihub.io
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uvihub.io
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uvihub.io
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uvihub.io




3. UVLHub and Open Science

S

uvihub.io




3. UVLHub and Open Science

S

uvihub.io




3. UVLHub and Open Science

S

uvihub.io

TP R i |2
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3. UVLHub and Open Science

S

uvihub.io




3. UVLHub and Open Science

S

uvlhub.io % W




3. UVLHub and Open Science

Oq
uvlhub.io a W

Sa el
N ﬁa= “ !‘»




3. UVLHub and Open Science

uvihub.io




3. UVLHub and Open Science

uvihub.io




3. UVLHub and Open Science

uvihub.io

)



3. UVLHub and Open Science

Architecture

{ WEB BROWSER J ! REST API J

! $
| @whwic WEB APPLICATION |4 Flask

| § ] @

e ) (o ) [ N B

APP UVL

DATA models OPEN SCIENCE AAFM

\MariaDB )




3. UVLHub and Open Science

Architecture

{ WEB BROWSER

t

REST API J

6

¢

Suwihuwio WEB APPLICATION |5 Flask

i

§

OLOCAL STORAGE J 6 REST API

APP

DATA

\MariaDB )

} 6 REST API }

/

OPEN SCIENCE

\




3. UVLHub and Open Science

uvihub.io

| can adapt it to
other contexts

Thanks to the uvlhub
layer, | have...

* Filtering

* Analysis

e Search

* Business rules

 Domain-specific
features
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4. flamapy

QO flamap

The cutting-edge Python-based tool for
Automated Analysis of Feature Models using UVL

and more
Open

Source

flamapy.org />




4. flamapy

A tool and a

framework

-

As a tool

~

-

As a
framework

~

Open
Source

<[>



4. flamapy

Supported formats

include

Boolean.group-cardinality
Arithmetic.aggregate-function
Arithmetic. feature-cardinality

Type

features
Sandwich
mandatory

Bread {Calories 100, Sugar 20}

optional
Sauce
or

Cheese

[0.

Pickle

constraints

Ketchup {Calories 4@, Sugar 35}
Mustard {Calories 25, Sugar 5}

.2] // Group cardinality

Cheddar {Calories 60}

Gouda {Calories 50}

Goat {Calories 35}

cardinality [1..3] // Feature cardinality

Ketchup => Cheese

Bread.Sugar + Ketchup.Sugar + Mustard.Sugar < 6@ // Attribute constraints

sum(Calories) < 160 // Attribute aggregate

UVL

Fama XML
Feature IDE
Glencoe
Others

* CNF, JSON, ...



4. flamapy

Analysis operations

Average
Atomic Sets Branching
Factor

Number of Conflict
Configurations Detection

Estimated
Dead Features Number of
Configurations

Leaf Features

Satisfiable
Configuration

Commonality

Core Features

False Optional
Features

Max Depth

Unique
Features

Configurations

Count Leafs

Feature
Ancestors

Satisfiable

SpringerBriefs in Computer Science

Alexander Felfernig - Andreas Falkner -
David Benavides

Feature Models
Al-Driven Design, Analysis
and Applications

I3 e /;'\ ~ .
OPEN ACCESS <) Sprmgcr
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5. Conclusions

* UVL as a new textual language
Q( flamap
e Using UVLHub for model

“ sharing
ooy sclonce * Analysing models with flamapy
uvlhub.io m

* Following the Open Science
approach
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