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Learning Objectives

Define feature, feature selection, feature depssdigicgomain
Understand what drives scopamgjons

Translate feature diagrams to propositional formulas

Modal features and feature dependencies by meansodkfsature
ldentifgomendustriadlutomatidnolsforFeatur®odelling

Main Reference

Featur®riented Software Product Lines: Concepts and Implementation,
Sven Apel = Don Batory =Christian Kystner + Gunter Saake

Springe¥erlag Berlin Heidelberg 2013, ISBRAZRT 5217

Other publications (see slides for references)
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Mass
Customization

of Software
Products

O .SPL

Components 2000’s

.Objects &
® 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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Features and Products

Featureme the concernstakeholders and thv@mary interest in proliletengineering.
AFeaturis  lagical unit of behaspecified by a set of functionabaihdu nct i on all

Features are used in prbdaatngineering to specifg@nchunicate commonalities and differ
of the products between stakelaidasguide structure, reuse, and variation across all ph

software life cycle.

Theprodugportfoliof a product line is defined by its features and their relations.
A specifisroduds identified by a subset of features,featiee gelection

Product Line := a family of products designed to take advantage of their
common aspects and predicted variabilities [Weiss, Lai]

uuuuuuu Product| (Product|
1 2 3




SPL Domain

A key success factor of primtrickevelopment is to set a proper focu
particulaweHldefinednd welcoped domain

Adomaiis an area of knowledge that:

Isscoped to maximize the satisbhdiemequirements of its stakeholc
Includea set of concepts and terminmldgsstood by practitionénatn
area andcludes thanowledge of how to Isaildlvare systems.




' [

Domain:Engineering

Domain engineeigithe process of analyzing the doanaiadaict line and developin
reusable artifacts. Domain engineering doesmatsscific software product, but
prepares artifacide used in multiple, idlhgbroducts of a product line.

Domain engineering is theytfe that is further responsible for stopiogluthe and
ensuring that the platform has the variabihBetted t® support the desired scope
productdttargetglevelopment for reuse

Domain engineering resultsinthecaamsnent s t hat t oget her
platform
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Domain Modelling

Domain modelloaptures and documents the commonalities and v:
of the scoped domain.

Typically, commonalities and differences between desired produc
identified and documented in terms of features and their mutual d
undefeaturenodels.




s6) CHALMERS | (8} UNIVERSITY OF GOTHENBURG ‘#

Domain Modelling

TheFeatureUML methmds to define a systematic way of desadto@myoduct line.

The focus of this method is the domain analysis phase and part of the applicat
phase. The modellng techniques used in this method include feature diagrams
models Dorak: EE——

Domain Domain Domain Domain H
Requiremen ts Analysis Design Implementation :

~~Domain™~.
[I;eature UML Model { Source !
iagram .. Code ..

Requiremen t = Product L] UML Model L Code L
Analysis Configuratoin Generation General tion

Testing

Application Engineering

Product line system development process from FeatureUML.
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DemainrMoedelling
Domainalysis: Scoping

Domainscoping t he process of deciding on
The scope describes desired features or specific products that should be supp

Product
Requirements I '

| Application Engineering |

speqpaad |

Product )

http://Awwagse.informati.defteaching/ple/ws2011/PLE11_03_ScOpiNg. Pelf

Family/Domain Engineering
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Domain:Moedelling
DomaiAnalysis: Scoping

Product lines with a small scope are easier to develop and maintain, as they te
defined domain of very similar products with few variations and much reuse.

There is a tradit between implementation effort and potential use of the produc
tradeoff requires careful business consideration, including determining prospec
potential customers, and costs of additional features.

Prodﬂct Line

Engineer(s)

Identify Identify Identify Identi fy
Products Features Subdomains
Priori Assess
res Subdomains Assets

Bujuueid
TR

S
(Architects, Developers,
Managers, Marketing etc) A concrete scoping process = a combination of these activities
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Domain Analysis: Scoping
Common concepts/questions of all scoping approaches

Products:

Which products do | want in my product line? What is their market, when will tr
Domains:

Which subdomains will my product line have? Which information do they carry
reasonable domains for the product line (in terms of knowletiije, stability
Features:

Which features will my product line have? Which product will have what kind o
Which are easy, which are risky features?

Assets:

Which assets do | have in my product line? Which components, etoexistentatior
already in a reusable form, which ones do | {)amplemeat?
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What is a Feature?

Concept in a domain
Can be seen as a-leghkl requirement

Features represent commonalities and variabilities in a product line
Unit of communication among stakeholders

A specific set of features determines a product variant

feature configuration as input to product derivation

A feature is a kind of concern
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What is a Feature?

FeaturBased Configuration involves

Checking for satisfiability of FM¢ st @@@

bad feature @

Enforcing correct configurations
Counting possible configuration .

popular with customers customer complaints

popular with developers duplicate features

Enumerating valid configuration
Propagating configuration decis
Merging distributed configuratio
0!

* wellimplemented

error-free
thoroughly tested
architecture-conform

distinct functionality

workaround (“hack”)
defect features
test challenges
optional feature

highly volatile
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Mobile Phone
Feature ndatory Optional

\ 4 4
Calls GPS Screen _ Media
7 - Alternative o
| mljose 1) /\h r
Excludes = | 1+
Feature models '— - Basic Colour High resolution Camera MP3

, - ! !
How to specify an SPL? Requires = oo

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

Feature modeling is a notation for modeling commonality and variability in proc
their basic form, feature models contain mandatory/optional features, feature ¢
iImplies and excludes relationships.

It is known that such feature models can be translated into propositional formu
enables the analysis and configuration usinggestistsegiools.
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Feature Modelling

Feature modelisgo express variability in terms of common and optional feature

Feature modeling takes place in domain
analysis, but its results play a centra
In other phases of prelieidevelopme
such as requirements analysis and
derivation. In short, a feature model

documents a prodi

-+ | Core Asset

Product Model Pro r—

- > — % ‘ Product B

Variation Points

o

Software Product Line Product M I

Configurator
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Feature ~ Madelling
Feature Diagrams

Afeature diagrama graphical notation to specify a feature model. It is a tree
whose nodes are labeled with feature names. Different notations convey variot
pareithild relationships between features and their constraints:

Someutofmany choice. This choice

Only Oreutofmany choice. This choice
corresponds to the logical OR operator

corresponds to a generalized XOR operator

p

AN A A AL |

alternative or mandatory  optional f4 fs see =
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Feature « Modelling
Feature Diagrams oo e

Queri
Helationa
queries

o

get

] remove

L

Figure.5shows an example of a feat [ hccess | — of apaate
diagram that, in its complete form, c« : e | remove|
65 features. Nodes shaded in gray a Soage
folded subtrees. [omtwes] e

LFU
Replacement <75

R

c

4

Buffer Manager

Memory Alloc
Dynamic

Limux
Static

0S-Abstraction %
Win32

Fig. 2.%5ample feature diagram for embedded data management Nutos




UNIVERSITY OF TECHNOLOGY

se) CHALMERS | @84 ) UNIVERSITY OF GOTHENBURG ‘é.i -

-

Feature ~ Maodelling
Formalization in Propositional Logic

Feature diagrams can be directly mapped to propositional formulas, thereby defining a
of feature diagrams. A set F of feature names are interpreted as propositional variables
members of F

Amandatofgature definition between a parent feature p and a child feature f:
mandatory (p,f ) f v p
Denotsolid bulleif,the parent feature is sel¢agedthehildmust be selected, Aneversa

Anoptiondkature states that the parent p may be chosen independently from f, but the c
be chosen if p is selected:
optional (pf ) f + p

Denoted by an empty bullet
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Feature ~ Modelling
Formalization in Propositional Logic

Mapped to propositional logic, tlisjisrectionn which, at least, one child feature is
selected when the parent is chosen. It (8dudEny choice

alternative(p, {f1, ..., fp}) = (1 V...V 1) & p) A /\ —(f; A £5)
An unrestrictedoicelenoted by a filled arc in feature diagrams. Mapped to propc
logic, the selection of p is equivalent to a disjunction of the child features.-It is :

outofmany choice:or(pﬂ (f1. B ) =(f,V...V£) & p

Propositional logic enables us to use automated tools to test interestilnty popel
checking validity of feature models and feature selections, and detect dead fee
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Feature Modelling
Formalization in Propositional Logic

We use the product line of graph libraries to illustrate feature diagrams formali.
the feature diagram to illustrate the mapping to a propositional formulas:

root (GraphLibrary)

Gruphl.ibrary A mandatory (GraphLibrary, EdgeType)

A optional (GraphLibrary, Search)

A optional (GraphLibrary,Weighted)

A optional (GraphLibrary, Algorithm)

Search | | Weighted

/N

A alternative (EdgeType, {Directed,Undirected})
A or (Search, {BFS,DFS})
A or (Algorithm, {Cycle, ShortestPath,MST, Transpose})

Directed | |Undirected | | BFS | | DFS | | Cycle | | ShorfestPath | | MST || Transpose | *** A alternative (MST, {Prim,Kruskal})
A (MST = Weighted)
A (Cycle = Directed)
MST => Undirected 1 Weighted Ale)
Cyc|e => Directed Prim Kruskal

Any coment over the formula of Search node?

Fig, 2.6 A possible feature diagram of the graph library ~ alternative(Search {DFS,BFS})
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Feature Modelling
Formalization in Propositional Logic

After expanding the feature constraints, we arrive at the following

root (GraphLibrary) GraphLibrary
A mandatory (GraphLibrary, EdgeType) A (EdgeType ¢ GraphLibrary)
A optional (GraphLibrary, Search) A (Search = EdgeType)
A optional (GraphLibrary,Weighted) A (Weighted = EdgeType)
A optional (GraphLibrary, Algorithm) A (Algorithm = EdgeType)
A alternative (EdgeType, {Directed, Undirected}) A (((Directed V Undirected) < EdgeType) A 7(Directed A Undirected))
A or (Search, {BFS,DFS}) A ((BFS V DFS) < Search)
A or (Algorithm, {Cycle, ShortestPath,MST, Transpose}) A ((Cycle V ShortestPath V MST V Transpose) < Algorithm)
A alternative (MST, {Prim, Kruskal}) A (((PrimV Kruskal) < MST) A =(Prim A Kruskal))
A (MST = Weighted) A (MST = Weighted)
A (Cycle = Directed) A (Cycle = Directed)

~ ((BFS™ DFSw Search )™ (BFS™ DF9)
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Feature Modelling
Formalization in Propositional Logic

To illustrate the transformation to propositionatdbdardéorsdtuations, we use an
additional example to ensure all combinations are counted for:

oS

Linux Mac Win

OS & (Linux =~ Win = Mac)y (Linux ~ Win) (Linux ~ Mac) (Win =~ Mac)
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Feature Modelling
Formalization in Propositional Logic

In the literature, there are many variations of feature diagrams including:

1. Some crefi®e constraints can be modeled graphically. Arrows can denote implication
exclusion, as exemplified iB.&g.

2. Some notations distingbisinadtom concrete features. Abstract features are used for st
and documentation purposes only and are not bound to implementation artifacts. (such
EdgeTy@nd Search in Rd). In Fig2.&, abstract features are denoted by gray boxes.

3. Some notations support multiple group types under the same feature. F&.&cample, i
features I, J, and K share the same parent even though they belong to different groups.

4. Some notations permit the mixing of mandatory and optional features with alternative
groups, as also illustrated 2. &ig.




CHALMERS | @& UNIVERSITY OF GOTHENBURG

s & UNIVERSITY OF TECHNOLOGY

Feature Modelling

Formalization in Propositional Logic
(a)

Legend

D abstract

concrete

DirectX Transactions

mandatory

optional

[ ]

[ ]
‘ Get ‘ Put O
- .
Jans

exclusive or

Fig. 2.8 Some variations of feature diagrams: a cross-tree constraints, b transformation toward
abstract inner features, e mixing optionality and group constraints
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FM Automation
Feature Modeling in Auto industry

In Automotive industry suppliers analyze the systems requirements and includ
domain specific guideégeirements.

Forma master feature list as shown in Figure 1. Domain specific guideline encc
practices and certification related requirements pertaining to the required featu
Feature models show the common and variable

features of a Product Line.

FeaturModels coulecreated using several tools both commercial

and open source. Here we show Feature IDE

tool for this examples.

*Jaisimh&.RajanM.,Kanagaraj P. , and Raj endran, S. K., ~Managing Product Development through
Feature Model i ng, -01-0889 018 doicl0.4271PGRM8IP a p e r 2018
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FM Automation
Feature Modeling in Auto industry

The following steps show how to create a masteus®illebatedive diffepeatiuct variants:
Step 1: Incorporate all inputs stemming from funduoctbmadndomain guidelines and forn
feature model.

Step 2: Iterate across this feature model until we have the correct level of feature levels

atomic tangible featuredndbe tested
Step 3: Include the feature model with Hardware, Software, and Mechanical model opti

feature sets. _ _ _ SW_FM_Manual = singletuner
Step 4: Map the feature constraint relationslamestel phase_diversity = dualtuner
featurdodel. RDS_TMC = - singletuner

SwW_FM_Automatic = - singletuner
RDS_TMC = traffic
Diversity = phase_diversity
phase_diversity = - singletuner
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FM Automation
Feature Modeling in Auto industry

MasteFeature model example exhibit with model constraints defined

Recerve
- q\_-‘_ R
Ha&;e Sohoa:_ Asgets Funchond DomuT_ Gudeines
MOG AMFM W}eme Navgahon_Feahse
® T 4 &

e || Guskrer| Volhner ||tk SW. M Skt [ine| [iodmet| |dvondy ok [Tome) [Setk | [ Sakariit| | Dty DS, THC | Tl P
e ES

SW,FMJM SW_FM_M phase_dversty  swichnganienna
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FM Automation
Feature Modeling in Auto industry

Step SRkeview the product variations for the different vehicle segments and regions needed for the
Master Feature Model, derive respective product configuration or product profiles. Figures 2c and :
product variants or profiles derived from the master feature model.

Step 6Perform model checks to ensure that there is no risk in achieving the feature requirement. A
during the model check will require a common review with the System Architecture Team

Variant Matrif e USA Europe

Tune Yes Yes
Seek Yes Yes
Phase Diversity No Yes
RDS TMC Not Needed Not Needed

Station list Not needed Yes
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Feature Modeling in Auto industry

USA Product Configuration derived from
Feature ModelljMaster Feature model

USIng Feature ” @ sae Model |c| default config |€] *usa_variant config 3
tOOI to drlve valid, 32 possible configurations

« [m] Hardware )
« [w]| ANALOG]
PrOdUCt singletuner
* & . dualt
Configuration: Fl e
4 [m] Software_Assets
a [®] AMFM

[w] seek
a [m] SW_FM_Stationlist
[w] SW_FM_Manual
] SW_FM_Automatic
[w] tune
[w] radiotext
a [ | diversity
[[] phase_diversity
[ ] switchingantenna
[ traffic
4 [m] Functional
4 [w] AMFM_Feature
[w] Tune
[m] Seek
StationList
[] piversity
a [ ] Navigation_Feature
[ Ros_Tu

DS_ C
[] Traffic_iP




