Software product lines, feature modelling, analysis
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The main goal of this lesson Is to
give an overview of “software

product lines” from a practical and
research point of view
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Real cases

nVO tes Features & Plans Contact us ,O

Secure & easy online
voting

Secure, robust and
affordable

internet election
management solution
that makes it easy

for voters to cast their
vote online

UNIVERSIDAD P SEVILLA



Real cases
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Real cases

Todas las aplicaciones & Actualizacion de software

W8 Analizador de de disco

Archivos
Ayuda
Bloc de Notas
Bloqueador de pantalla
Bluetooth
adora
a Capturar pantalla

rreo Thunderbird

M Archivos recientes

22 de nov, 00:45 &
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Real cases
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Real cases
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What configurations

should I test to defend
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Software product lines

Industrial Trends

Project Centric Software Engineering
Product Centric Software Engineering

Organizations
are evolving

YOS
variability

Variability goes from hardware to
software

Variations points grows by thousands

constantly
Increasing:

Assets’ Reuse Is
shifting

from ad-hoc to systematic
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Software product lines
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Real example
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Real example
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Software product lines

Mass production

producing efficiently a large amount of
standardized products
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Software product lines

«cing efficiently a large amount of
standardized products
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Software product lines

ARROZ AL HORNO

Mass customization

“a paradigm shift for the enterprise to offer products and services best
catering to individual customer's needs whereas keeping near-mass
production efficiency “

[Tseng, M.M., Jiao, J. (2001)] UNIVERSIDAD B SEVILLA



https://www.researchgate.net/profile/Yue_Wang116/publication/323655082_Mass_Customization/links/5aa1fa1caca272d448b4c130/Mass-Customization.pdf

Software product lines

“a paradigm shift for the enterprise to offer products and services best
catering to individual customer's needs whereas keeping near-mass
production efficiency “

[Tseng, M.M., Jiao, J. (2001)] UNE?ERSIDA%D B SEﬂLLfﬁi



https://www.researchgate.net/profile/Yue_Wang116/publication/323655082_Mass_Customization/links/5aa1fa1caca272d448b4c130/Mass-Customization.pdf

Software product lines

Mass
Customization

of Software
Products

® ‘SPL

Components 2000’s

‘Objects &
P 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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Software product lines

Common features Variable feat ) .
ariable 1eaiies Variability Model

Alarm clock viedls
Calls Games
Connectivity

Messaging s Documents the
variability of SPL

* Enable managing the
variability
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Software product lines

Traditional Approach (mass production)

TR

Product 1 Product 2 Product 3

=—=—D I—:—D ]
Product 4 Product 5 Product 6
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Software product lines

Product Lines Approach (mass customization)

= @i@ =

Product 1 - Product 2 Product 3

Product 4 Product 5 Product 6
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SPL: Activities

Product @ Application Broduct
Requirements Engineering i> roaucts

Domain
Engineering

Variability
model

<,
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SPL framework

Fig. 1.2. The two-life-cycle model of software product line engineering

From “Software Product Line Engineering” by Phol et al.
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https://www.springer.com/gb/book/9783540243724

A more practical view of the SPL
framework

Problem Space Solution Space

Domain analysis Domain implementation
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Fig. 1.1 An overview on software product-line engineering

From “Mastering Software Variability with FeaturelDE”
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Product explosion
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Customers explosion
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Technology explosion
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Configuration explosion

UK 1 Reached target Timers
S
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Configuration explosion

ROOT CAUSES OF
CUSTOMER REPORTED ISSUES

User Knowledge
9%

Customer Environment
25%

Configuration
31%

Bug
15%

Hardware Failure
20%

Taken from http://sigops.org/sosp/sospll/current/2011-Cascais/12-yin-slides.pdf UN' vV ERSID ﬁD E} SEﬂL' g'-'&



http://sigops.org/sosp/sosp11/current/2011-Cascais/12-yin-slides.pdf

Explosions consequences

it % gl

* Product oriented development < Lack of innovation
 Fire-fighting mode * Quality degradation
» Opportunistic reuse » Knowledge lost
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Some “tentations”

Product portfolio diversity

Common user experience for

product in the portfolio

Customization of products
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SPL metaphors

Possible systems Possible systems User expectations, technologies

Requirement specification

-------------------------------------------------------------

Compiled code

Linked code

Running code

Svahnberg M., van Gurp J., Bosch J., On the Notion of Variability in
Software Product Lines. Proceedings of IEEE/IFIP Conference on Software

Architectures, 2001.
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SPL metaphors

<«—ocope ofreuse

A
Application '

3 = Engineering

3 &

e o

<o I Domain
v Engineering
Standardized Platform Software Configurable
infrastructure Product Line Product Family

Figure 1.1: SPL maturity stages: from less mature (left) to more mature
(right)[DSBO5]).
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Evolution of an SPL

1 Sofitware Product Line Engineering

independent
products

standardized

infrastructure
¥
'l'— platform
product
population -
t software
product
line v
program of
v product lines
configurable
product base

Fig. 1.1 Evolution of a software product line

Taken from “Systems and Software Variability Management”
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Proactive

SPL transition

approaches

Reactive
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Business strategy
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Variability, a new degree of complexity
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How to model

variability?
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Posmve

: base model
EXxpressing
<<
model Negative
variability
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Inside the

model

Authentication

Get account
information

|
walternativen |

«option»

Customer Customer " |
Insert chip card Give fi int .
nsert chip ca ive fingerprin Print balance
Figure 5: Example of an alternative relationship Figure 6: Example of an optional relationship

Taken from Modeling variability by UML use case diagrams by Von der Massen et al.



http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.20.2206&rep=rep1&type=pdf

Outside the

model

Variability Model

QQ.—(%,—( c‘i@u—(éﬁ ':.
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Requirements

Components

Base models
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Assets

Positive

variability

» B
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Base model

Negative

variability
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i i Decision efect
Do you require variant 1?
name: Question 1 expected value: boolean

Do you need variant 27

Which variant do you need?
name: Question 2 expected value: list{string 1|string2|string3}

. 1
: !
| ' :
' ' i
: ' :
. ! '
i
: ! A
: 0 i ! visibility | @
1 pe | e e -
: | Feature 1 | | Feature 2 | ‘ Feature 3 ' ! condition
1 1 1
' \ . !
I I h '
i ! . .
E ‘Feature 5 || Feature 6| ! ‘| Feature 7 | |Feature 8 | |Feature 9| E !
1 A H '
H 1

Feature modelling

Ad-hoc solutions:
tables, textual
docs, ...

Decision modelling

UML-based

<<optional>>
Feature 1
<<optional>>
Feature 2
\‘ <<optional>>
Feature 3

<<at-least-one>>
Feature 4

{

<<optional>>
Feature 6

<<default>>
Feature 5

<<optional>>
Feature 7

1
1
1
1
1
:
name: Question 2 expected value: boolean E
1
1
1
1
1
1l
1
1

e (12) ;

Variat ~Variatior-. -
SLRent2 T
PVariant1| rVariant2| rVariantB‘

Orthogonal d
varlabl_llty o A
mOdelllng "T'Variatigh- P .

requires -
Variant 4

-*" requires

Features layer

Variation point 1 Variation point 2

4 Dependency,

_Realization

Variant 1

Variant 2 Variant 3 Variani 4

Variation point 4

&

Variant6 Variant 7

Architecture layer VariaE;” point 3

Variant 5




Feature modelling

Feature models were first

iIntroduced by Kang et al. in 1990
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Feature models

How to specify a particular product?

FEATURE

"An important part of
something”

“A prominent or distinctive
characteristic of a software
system”
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Feature models

How to specify an SPL?

“Feature Model: A hierarchically arranged
set of features to represent all possible
products of an SPL”
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GPS

.f

Feature models

Mobile Phone

Screen

Alternative

Moose 1)

Optional
 Z

Media

@ Or
1+

|
Excludes = :

— ==

Basic

Colour High resolution Camera MP3

Requires mp T___________'
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Design a feature model for your

own SPL!
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Conclusions

SPL Is a new software
production paradigm

Variability management
IS essential
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Challenge 1: Automated analysis of Feature

\Y[ee [=1ES

Computer-aided, extraction of useful information from feature models

Analysis
results

‘Q » Analysis Process » é

*

Analysis
operations
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Analysis process

Analysis process

Analysis
result

» ST -
1

Analysis
operations

Logic

‘Q » Translation » i
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Feature models as CSPs

Feature Model Constraint Satisfaction Problem

Fey - L s
000 C
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Feature models as CSPs

« ACSP is defined as:
» Aset of variables

* A set of domains for those variables
* A set of constraints restricting the values of the variables
» A CSP solvers is defined as:

* A software tool that takes a CSP and find possible assignments of variables, if
any, taking into account the constraints.

UNIVERSIDAD P SEVILLA



CSP example

e CSP:
e Asetofvariables: X, Y, Z

* A set of domains for those variables:
« Xin{2,3}, Yin{4,6}, Zin {1,10)

* A set of constraints restricting the values of the variables:
e X+Y</Z

 Solutions for the CSP:
e X=2Y=472=6@
« X=3,Y=52=8 &
e X=3:Y=6;Z=9€)

UNIVERSIDAD P SEVILLA



Feature models as CSPs

Feature Model CSP

Fey - L Tk
000 C
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Feature models as CSPs

biconditional
<>

implies

‘—_
‘_

-0
-0

biconditional
@ -

atLeastOne

biconditional

F o

B
T
wtm
—cm

atMostOne

000 |e0@
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Feature models as Propositional formulas

Kelationship PL. Mapping
1N
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Automated analysis of feature models:

Computer-aided extraction of information from FMs

Mobile Phone
Calls GPS Screen Media
} /(?\ /‘\
|
|
1—— PBasic Colour High resolution Camera MP3
} :
How many
products?
O Qo
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Automated analysis of feature models:

Computer-aided extraction of information from FMs

Mobile Phone
Calls |- »| GPS Screen Media
| /‘\
|
|
| \
- ) Colour High resolution Camera MP3

Yes, feature
“Basic” is dead
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Analysis implementations

E3 EX

/@

<
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Automated analysis of SPL
Why it's an important problem?

Doing this by hand Is an error prone task In
large-scale feature models

Detecting properties at early stage of
development and along all the life cycle

It's the base for other more complicated
tasks, I.e. product configuration

UNIVERSIDAD B SEVILLA



Challenge 1. Automated analysis of SPL.:

Computer-aided, extraction of useful information from SPL models
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All products ) + | & + + + + | @ =
Explanations + ‘ ~ ‘ + | + + | L4 + | + ~ ~ |
Refactoring + @ | + + + ~ | o~
Optimization ‘ ‘ | | +| + || ~ ~ |
Commonality + <+ ~
Filter | + | | | | + ~ |
Valid partial configuration | + | + “r @ =
Atomic sets ‘ + ‘ @ | | | + + | |
False optional features @ [ + + ~ | e
Caorrective explanations | | | + | | + | | &
Dependency analysis @ | +
ECR \ 8|+ I I | | I
Generalization @ +
Core features ‘ ‘ + | | | | e |
Variability factor @ =
Arbitrary edit | | + | | | | |
Conditional dead features B A 4
Homo geneity | | | | | + | | v N
LCA +
Muti-step confi guration | | | | + | | |
Roots features + -
Eg}ft.llilltdllﬂﬂ . ‘ ‘ + | | | | | ‘ >
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Variant features ~ N\
Wrong cardinalities J J I ] | | ~ ]
Feature model notation E|C[B[B[BE|B[B|[B[B|[B[C[B[B[C[C[B|B|[BE[[B[B[B[[B][C[B[B[B|[C|[B[B[B|C[C|[C[BE[B[B|[B[BJ[B |
+ | + + | + || = + |
i+
B

C[C|B -
Extended feature model | | + | + + |+ /\
Formalization + + |+ |+ |+ + | + + + iF i+ + + + + iF
+  Supported ~  Nosupport &  Supported(first reference) S No support { first reference ) Basic feature mode! C  Cardinality-based feature models
Table 3: Summary of operations and support

David Benavides, Sergio Segura, Antonio Ruiz Cortés: Automated analysis of

feature models 20 years later: A literature review. Inf. Syst. 35(6): 615-636 (2010) b SEVILLA
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Name:
Domain:
Value: 50

\

Domain: Integer
Value: 32

Domain: Real

me: memory Value: 250 -
Domain: Integer JVV

Value: 256

@O‘@ 6\\)6 Name: cost

o >

"

» David Benavides, Pablo Trinidad Martin-Arroyo, Antonio Ruiz Cortés: Automated
Reasoning on Feature Models. CAISE 2005: 491-503

* F Roos-Frantz, D Benavides, A Ruiz-Cortés, A Heuer, K Lauenroth
Quality-aware analysis in product line engineering with the orthogonal variability

model. Software Quality Journal
y Uil VY1 1.-111311_}1_11) B SE‘HLLE



https://doi.org/10.1007/11431855_34
https://doi.org/10.1007/s11219-011-9156-5
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Indice

Variability

Implementation

* Templates

» Compilacion

* Preprocesamiento

» Cargadores de clases
* Modularizacion
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Identify variability

Variabilidad

Constrain
variability

Implement
variability

Figure 1. Steps for introducing variability.

»

Manage variability
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El alcance de una SPL

Productos que Productos que
la empresa puede
querer producir

la empresa no
fuiere producir

UNIVERSIDAD P SEVILLA



Indice

Implementacion de la

variabilidad

* Plantillas

» Compilacion

* Preprocesamiento

» Cargadores de clases
* Modularizacion

* DSL

UNIVERSIDAD P SEVILLA



¢ Como implementar la variabilidad?

 Tecnicas basadas en motores de plantillas (template engines, frames)
* Se pueden definir como motores de “copy & paste”
* Distintas alternativas

wPache Velocity Project
http:llvelocity.apache.orgl

UNIVERSIDAD P SEVILLA



Proceso general

template template template
interface Exp { class Lit implements Exp { class Add implements Exp {
void print(); public int value; public Exp left, right;
Lit(int v) { value = v; } Add(Exp |, Expr) { left=1; right =r; }
) public void print() { public void print() {
System.out.print(value); left.print();
} System.out.print('+");
right.print();
} }
O[]
Puntos de variacion }

Especificacion Template instanciada

ﬁ Template ﬁ

Processor

UNIVERSIDAD P SEVILLA



XVCL

XML-based Variant Configuration Language

Stanislaw Jarzabek (Universidad de Singapur)

Basado en tecnologia de marcos (frames)
Complemento a lenguaje de programacion convencional

UNIVERSIDAD P SEVILLA



XVCL

* Funcionamiento:
o X-frames
o X-framework
 Puntos de variacion
e Comandos

UNIVERSIDAD P SEVILLA



XVCL

* Tenemos el siguiente x-framework:

<x-frame name="A">
AAA antes de llamara B
<adapts x-frame="8"/>
AAA después de llamara B
AAA antes de llamara C
<adapts x-frame="C"/>
AAA después de llamar

ye x\

<x-frame name="8"> <x-frame name="C">
888 CCC
</x-frame> </x-frame>

UNIVERSIDAD P SEVILLA



XVCL

* Ejecucion — paso 1

> A ) AAA antes de llamar a B

\/\

UNIVERSIDAD P SEVILLA



XVCL

* Ejecucion - paso 2

/[Salida

¥ A D— AAA antes de llamar a B
BBB

UNIVERSIDAD P SEVILLA



XVCL

 Ejecucion — paso 3

> A < AAA antes de llamar a B
BBB

AAA después de llamar a B
AAA antes de llamara C

\ﬁ

UNIVERSIDAD P SEVILLA
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 Ejecucion - paso 4

/[Salida

> A < AAA antes de llamar a B
BBB
AAA después de llamar a B

AAA antes de llamara C
X] ccC
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* Ejecucion —paso 5

] A D AAA antes de llamara B
BBB

AAA después de llamar a B
AAA antes de llamara C
CCC

AAA después de llamara C

\/\
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Técnicas de compilacion

* Algunas herramienta como make, ant, maven,... se pueden usar para implementar la
variabilidad en tiempo de compilacion

Parametros
del producto

ﬁ

build script

'

make tool

)

del producto

UNIVERSIDAD P SEVILLA



Técnicas de compilacion

 \entajas
 Son faciles de implementar y utiles cuando hay puntos simples de variacion

* Desventajas

* |Implementar todas las variantes de una SPL en un solo script puede resultar
muy tedioso si no directamente imposible, especialmente cuando haya
muchas variantes
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Preprocesamiento

Directivas del compilador para incluir o no ciertos fragmentos de codigo
Es la primera y mas antigua técnica para soportar variabilidad

Esta soportada por lenguajes como C, pero también se pueden introducir en Java
Ventajas

 Simple, viene por defecto en algunos lenguajes y compiladores.
Desventajas

 Parecida a las desventajas de las plantillas, incluso mas graves.
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Cargadores de clases

 Classloader
* Forma parte del JRE estandar de Java
 Se cargan de manera dinamica clases en la JVM

* Se proporciona un cargador de clases por defecto
 Este cargador se puede refinar y/o extender.

Class

+static forName(): Class
+newlnstance(): Object

Driver dBDriver = (Driver) Class.forName (driverName)
.newlInstance() ;

DriverManager.registerDriver (dBDriver) ;
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Cargadores de clases

 \entajas
 Son una manera flexible de implementar variabilidad en tiempo de ejecucion

* Desventajas
 Implementar un cargador de clases no es una tarea trivial
* Solo funciona para programas escritos en lenguajes que soporten reflexion
* La legibilidad del codigo no es trivial
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Técnicas de modularizacion

« Hay muchos lenguajes de programacion que se proponen para solventar los problemas de los lenguajes OO

« El punto clave es la granularidad

» Se parte de la constatancion de que una clase es muy pequefia para construir un sistema si a este sistema hay que afiadirle incrementos
de funcionalidad.
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