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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

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
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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
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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 1earies Variability Model

Alarm clock —
Calls e
Connectivity .

Messaging % 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
Requirements @ Engineering i> Products

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

.832419]) systemd(1):
S

.833358] systemd(1): Startis

{ Ok 1 Listening on Journal /

i 5.839584] systemd(1]: Ll;-a -

i 5.843323) systemd(1): St )
Starting dracut cnll}/ .

{ 5.885472) systemd(1]: St
Starting Jourmnal Ser A |

{ Ok 1 Started Jourmal Se; |

{ 6.887239) systemd(1]:/ |

Starting Create | |

e \ ‘ntlc device nodes .

Starting Setup U | | 3
I Ok 1] Listening on it
cuuming downe, freed 8

Reached target Timers.

.rrent kers
6.559659) systemd - journald(5

{ Ok

i Ok

i Ok

i ok

{ O

1 Listening <@

) Reached tar |

‘ requ ‘?\‘i’ltlc device -o‘cc ...current kers
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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
v
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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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
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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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Design a feature model for your

own SPL!
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Feature models

Mobile Phone
Calls GPS Screen Media
' /(:F\ /.\
|
|
|
1—— PBasic Colour High resolution Camera MP3
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’_Ca%screen Media

*
I
I
I

Feature models

Mobile Phone

/?\ /‘\

l— —

Basic

Colour High resolution Camera MP3
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Feature models

Mobile Phone
Mandatory Optional
I I
Calls GPS Screen i Media
7 - Alternative o
Excludes = | 1+
1—— PBasic Colour High resolution Camera MP3

Requires mp T__________,'
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Feature models

Mobile Phone « Mandatory: A->B && B-> A
Mandatory Optional
1 8 4 « Optional: B ->A
Calls GPS Screen Alternative Media Alt ti B i 188 B i A
N ernative:. sum ) = | ->
i /Noose 1) /‘\" Or (B) -
Excludes m | 1t
'~ Basic Colour || High resolution | | Camera MP3  Or:sum (B i) >1 && (B i) <= count(B)

Requires mp T___________' _
* Requires:A->B

e Excludes:A->B & & B -> A
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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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Feature
Model

Iméalementatiun
omponents

Other problems!

e-Shop

@
Search Payment Security

@ W

Bank Transfer j Credit Card PayPal High Standard

s

Catalogue

E' o WooCommerce Catalog, Product Catalog, eCommerce Product Catalog E
: o WooCommerce Ajax Search, Advanced Woo Search, Search Manager Lite E
E o PayPal Credit Car Payment, WooCommerce Stripe Payment Gateway, Authorize.Net Payment Gateway .
o Wordfence Security, WordPress Security by CleanTalk, Lana Security :
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Concrete
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