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Software product lines
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Why a new software
production paradigm?
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Software product lines

A new software
production paradigm

Software

Product Line
Engineering
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Software product lines

Industrial Trends

Project Centric Software Engineering
Product Centric Software Engineering

Organizations
are evolving

Software
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

«Cing efficiently a large amount of
standardized products

UNIVERSIDAD P SEVILLA



Software product lines

@ @ Q% |C http://www.configit-software.com/demoS5/BikeShop/ Conf.aspx

I\/Ia customization

“producing goods and services to meet
individual customer's needs with near
mass production efficiency “

[Tseng, M.M., Jiao, J. (2001)]
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Software product lines

Mass
Customization

of Software
Products

9 ‘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

Alarm clock

Variable features
vViedld
Games

Connectivity

Variability Model

W

«» Documents the
variability of SPL

* Enable managing the
variability

UNIVERSIDAD P SEVILLA



Software product lines

Traditional Approach (mass production)

i S

Product 1 Product 2 Product 3

115 E:ﬂ Dl
Product 4 Product 5 Product 6
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Software product lines

Product Lines Approach (mass customization)

= i@ i

Product 1 - Product 2 Product 3

Product 4 Product 5 Product 6
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SPL: Activities

« o
Product Application
Requirements :> | Engineering i> Products

P . .
Domain Expertise :> Domain

Variability

Engineering
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Software product lines

Management

Variability
Modelling/A
nalysis/Impl
ementation

Domai oplication 10
Engineering Engineering k., 5 j‘i
Individual
Core assets products
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SPL metaphors

Possible systems Possible systems User expectations, technologies

Requirement specification

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Source code

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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s SPL iIncompatible
with any software

production
methodology (e.q.
aglle approaches)?
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Proactive
SPL transition

approaches

Reactive
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*f?’“ Variability
B modelling

UNIVERSIDAD P SEVILLA



Posmve

= : base model
Xpressing
<<
model Negative
variability
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Inside the

Authentication

Get account

information
I .
1 «option»
I
I
Customer Customer " ]
Insert chip card Give fingerprint 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

Inside the

model

Tape shooting Film shooting Configurable
process model process model process model

Taken from La Rosa et al. (2010) Configurable multi-perspective business process models. Information Systems




Outside the

mOdEI Variability Model

Requirements i Components

Base models
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Assets

Positive

variability

» B
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Base model

Negative
variability
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Do you require variant 1?
name: Question 1 expected value: boolean

] Decision efect

Do you need variant 2?

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

I 1

| ' '

i ' .

| ' ‘

| ! :

' ! H

| ' ' A
! g ; ! visibility | @
! | Feature 1 | | Feature 2 | ‘ Feature 3 ! , condition

| 1 '

! . ' ‘

| : ' '

1 | 1 ]

1 1 l

! ‘Feature 5 | ‘ Feature 6| ! ‘| Feature 7 | lFeature 8 ‘ |Feature 9| : '

1 A 1 !

' [ 1

Feature modelling

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

UML-based

<<pptional>>
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
1
name: Question 2 expected value: boolean J E
1
]
1
1
1l
1
1

e (1.2

Variatiol ,»'\-/ariaho.ﬁ'-:"'-.
et

orth°gona| PVaEant 1‘ P\./-ariant2| r\/ar:iama‘
variability :
mode"ing excludes ‘vﬁ;n .

L..pointa

r Variant 6 | r Variant 7 | r Variant 8 ‘

requires -
Variant 4

-*" requires

Features layer

Variation point 1 Variation point 2

4 Dependency,

Realization

Variant 1 g {
Variant 2 Variant3 Variant 4

Variation point 4

g

Variant6 Variant 7

Architecture layer Variaf;” point 3

Variant 5
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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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Feature models

Mobile Phone

Optional
 Z

GPS Screen _ Media
¥ - Alternative o
| MOose 1) /‘\" r
Excludes m | 1+
'——= Basic Colour High resolution Camera MP3

Requires mp T_ ______
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OVM
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Variation Points

&ink
" Internet /ﬁ\

Screen
resolution
Utilities
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Variants

[

Windows Android

P GPS ‘ Games
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VN

Internet ..

Relationships

Messaging

S~ [1..2]

PMI\/IS

.

Screen
resolution

-
-‘-'.
. - )
. -
. -
. * B ]
L]

[1..1]

FCoIor

F. High

0OS
S 1]

‘ Windows ‘ Android
Utilities
GPS ‘ Games
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A

Constraints

Messaging
~——"[1.2]

ol

- ’
b ’
~ ¢
~ -

L I

Requires

Screen
resolution

e 1]
FBasic PCoIor F High
.
Excludes

OS
A ()

‘ Windows ‘ Android
Utilities
‘ Games
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CVL overview and terms

Specification in /_\ / Product
standardized \ Line model
CVL of base Variability Base in any MOF

model Model Model compliant
vanabilities |anguage
A
Resolution CVL
Models ;
execution Product models fully
described in the base
Selection of a set language.
of choices in the
variability model All regular base
Resolved language tools can
Models be applied to these
models
10/2452012 CWL — Commaon Variability Language [}Ul 2

Taken from CVL Tutorial by @ystein Haugen et al. UNI\TFJRSIDAD B SE\’ILLJ\



How do/could

you model
variability?
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Conclusions

SPL Is a new software
production paradigm

Variability management
IS essential
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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

»| Manage variability

Figure 1. Steps for introducing variability.
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El alcance de una SPL

Productos que Productos que
la empresa puede
querer producir

la empresa no
quiere producir
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Indice

Implementacion de la

variabilidad

* Plantillas

» Compilacion

* Preprocesamiento

» Cargadores de clases
» Modularizacion

* DSL
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¢ Como implementar la variabilidad?

 Técnicas 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
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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();
} }
W 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
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XVCL

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

* Tenemos el siguiente x-framework:

<x-frame name="A">
AAA antes de llamaraB
<adapts x-frame="8"/>

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

e \\\

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

* Ejecucion — paso 1

X | salida

> A ) AAA antes de llamar a B

\/\
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XVCL

 Ejecucion — paso 2

/[Salida

> A < AAA antes de llamaraB
BBB

\/\
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XVCL

 Ejecucion — paso 3

> A B AAA antes de llamar a B
BBB

AAA después de llamar a B
AAA antes de llamara C

\ﬁ
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XVCL

 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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XVCL

* 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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Indice

Implementacion de

la variabilidad

* Plantillas
 Compilacion

* Preprocesamiento

» Cargadores de clases
* Modularizacion
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Técnicas de compilacion

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

build script ®- -
——
[
= &
Parametros
del producto ‘

mplementacion
del producto

——l make tool
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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
iImposible, especialmente cuando haya muchas variantes
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Indice

Implementacion de

la variabilidad

* Plantillas

» Compilacion

* Preprocesamiento

» Cargadores de clases
* Modularizacion
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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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Indice

Implementacion de

la variabilidad

* Plantillas

» Compilacion

* Preprocesamiento

» Cargadores de clases
* Modularizacion
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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)
.newInstance () ;

DriverManager.registerDriver (dBDriver) ;

UNIVERSIDAD P SEVILLA



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

* Lalegibilidad del codigo no es trivial
UNIVERSIDAD P SEVILLA



Indice

Implementacion de

la variabilidad

* Plantillas

» Compilacion

* Preprocesamiento

» Cargadores de clases
* Modularizacion
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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 afadirle incrementos de funcionalidad.

%) 'O@/) b
(% ODje
Sraes) o Sctieans
&< So
\Y

Q
O r, aj ts ‘\\‘5
g? o hyperspaces
S mixins 5
& S bo)(es 6\)\6 S
o eC 2SS o e
© 0\3559 c OQG(\ « G\\a(\g
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How to model variability

How to automatically analyse variabllity
models
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Analysis result

Variability

\Y[e]e[=Y

» .

*

@ Operations
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Analysis process

Analysis
result

» Solver » —

Operations

UNIVERSIDAD P SEVILLA



Mapping to Propositional Logic

Kelationship PL. Mapping
I
x PeC
:
=
g ] C—P
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Automated analysis of feature models:

Computer-aided extraction of information from FMs

Mobile Phone

GPS Screen Media
| /?\ /‘\
|
|
|
'——= Basic Colour High resolution Camera MP3
+ 1

How many
products?
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Automated analysis of feature models:

Computer-aided extraction of information from FMs

Mobile Phone

S Screen

\
) Colour High resolution Camera MP3

Yes, feature
“Basic” is dead
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Automated analysis of feature models:

Computer-aided extraction of information from FMs

Mobile Phone
Calls GPS Screen Media
|
[ v
|
—-= Basic Colour High resolution Camera MP3
+ 1
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Example of a configurator

configure your home server

.

cach case to enlarge and view nfo
o C C (¢ (ol (&

C
£35 £E42 £E4a £59 £65 £95 £105 £115 £150
’_ QProcessor (CPU)
Inte!® Pentium® Dual-Core G620 (2.60GHz, 3MB Cache) + HD Graphics | v | Q
ng(herboard . .
[ASUS® PEHG1-1: Mini-ITX_ LG1155, USE 3.0. SATA 3GBs = Q
QMemory (RAM)
(268 SAMSUNG DOR3 DUAL-DDRS T333MHz (1 x 208) = Q
QGraphics Card ) )
I Graphics Medis Accelersor HO + Cleor Video HO Technoiogy [3] Q

OMemory - 1" Hard Disk
[500GB SERIAL ATA 3-Gb/s HARD DRIVE WITH 8MB CACHE (7.200pm) []

4
o »o 2" Hard Disk

[NONE =]

1" DVD/BLU-RAY Drive

Q
(0]
Q
O)  owe = 0]
Q
Q
0]

OMemory Card Reader
[NONE [

QRO Faciies — .
|ONBOARD 10/100/1000 GIGABIT LAN PORT - AS STANDARD ON ALL P[¥]

S‘\
QSound Card
[ONBOARD 10 CHANNEL (7.1) HIGH DEF AUDIO (AS STANDARD) _ [~]

®2011 UWIHS
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Automated analysis of SPL.:

Computer-aided, extraction of useful information from SPL models

30 analysis operations found

CSP, SAT, BDD, DL, ad-hoc

UNIVERSIDAD P SEVILLA



Automated Analysis of Feature Models with

attributes

® : Name: memory
Name: cost Screen resolution Domain: Integer
Domain: Real |. /| Value: 512
Value: 50 | T /§>\
Basic Color High resolution
Name: memory |~ p B )
Domain: Integer ~ Name: cost
Value: 32 Domain: Real
Name: cost Name: memory Value: 250
Domain: Real Domain: Integer
Value: 200 Value: 256

» 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
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Explanations on the Automated analysis of

SPL

Deductive
reasoning
>‘{ Is valid?

g 5 >[ Why not?

at

No

R R
> [EI[G]

Explanations

 S—

Abductive

reasoning

Pablo Trinidad’s PhD
Pablo Trinidad, Antonio Ruiz Cortés: Abductive Reasoning and Automated Analysis of

Feature Models: How are they connected?.VaMoS 2009: 1@&%%%RSIDAD P SEVILLA
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Explanations on the Automated analysis of

SPL

Deductive Reasoning

4 )
S
‘Q —_— %\ —— | Conclusions §
IS
&)
\ %
b >[ Is valid? } >
No
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Explanations on the Automated analysis of

SPL

Abductive Reasoning

T

v
4 v )
c
? O
Facts — | Observation S
Explanation o
O
Hypotheses <
N\ /
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[
()
:l errors
§ dead features, ...
E explanations
l) % { Re }
) Q
o It Feature Model A
S . J
E |
1 o
S 2 COMPS ={R;}
T : SD={..} diagnosis
D '§ OBS={...} A={R.}
= =
= Diagnosis model
= 5 ° }
=
> IE '
O 9 ﬂariables N\
= FJ', Ab. :
'% constraints sc;':“in: Ab; — Vi }
= Abi=1— .. o
g
o Constraints model
2 N /
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1.Invalid Configuration: Automobile | 01=1

0=1_  ___— T 0s=I

Brake Control Software Brake ECU

03=0 _— T~ 0u=1 O6=1 __— T ~07=0

ABS Controller Non-ARBS Controller 1 Mbit/'s CAN Bus 250kbit/s CAN Bus

2. Diagnostic CSP: | =1 (@=1)...

~v

3.Recommendations: Deselect 1 Mbit/s CAN Bus, ds-=1
Select 250kbit/s CAN Bus, S7=1

4.Valid Configuration: Automobile | f; = 1
fa=1 / \’ fs=1
Brake Control Software Brake ECU

f3=0/o\ fa=1 f6=9/<>\f7=1

ABS Controller Non-ABS Controller 1 Mbit/'s CAN Bus| | 250kbit/'s CAN Bus
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