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The code shows possible The code shows possible 
variation points and p
variations...



but feature models show but feature models show 
moremore...



and help visualize and and help visualize and 
manage variations...manage var at ons...

From Feature-Oriented Domain Analysis, Kang et al 1990



for non trivial product lines

Based on http://gp.uwaterloo.ca/files/2006-lau-masc-thesis.pdf



Cardinalities and attributes Cardinalities and attributes 
yield the power of DSLs...y eld the power of DSLs...

From http://www.sei.cmu.edu/productlines/ppl/



when model is targeted at when model is targeted at 
configurationconf gurat on

From http://www.sei.cmu.edu/productlines/ppl/



Feature model transformational Feature model transformational 
semantics

A A

B =C B C

forms forms ⋀
(B ⇒ ⌐ C) ⋀ (C ⇒ ⌐ B)



Reduction strategy to features Reduction strategy to features 
and formulae languageg g

A A

B
=

C B C

forms forms ⋀ (A ⇒ (B ⋁ C)) 



Valid configurations semantics

A {A,B} 
{A C}

B C

{A,C}
…

) =semantics(



Feature model refactorings as Feature model refactorings as 
improved configurabilityp g y

A A

⊑
B C B C

⊑

{A B} ⊆ {A B}{A,B}              ⊆ {A,B}
{A,C}                            {A,C}
…                                 {A,B,C}{ }

…



Feature models and Feature models and 
configurability improvementg y p

semantics(fm) =semantics(fm)
{c:Config | satConstraints(fm,c)}

f ffm     ifm =
semantics(fm) semantics(ifm)

⊑
semantics(fm) semantics(ifm)



But no need to think about But no need to think about 
semantics directly: add y
alternative node

A A

⊑
B C B C

⊑
D



Refactoring catalog

A A

⊑
B C B

fsB

forms

C
fsC

⊑

forms
forms A

⊑
A

BB
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Refactoring populations and Refactoring populations and 
families: feature models

FM1 FM2 FM3

A AA

B C B C
⊑

B

fm1 fm2 fm =
fm1 fm ∧ fm2 fmfm1 fm ∧ fm2 fm



Case study: feature model Case study: feature model 
refactoringg

Product 1 SPL 1

Startup Clouds Startup Clouds Startup Clouds

Game Game GameReflexive

SPL 1-2

Startup Clouds Startup Clouds Startup Clouds
Game

O CS

Product 2 SPL 2

Game

OnDemand Hybrid

Game

OnDemand

Game

OnDemand

OnDemand Hybrid CloudsStartup
Reflexive

OnDemand HybridOnDemandOnDemand



Instance models define Instance models define 
productsproducts



Feature model instantiation Feature model instantiation 
might be...m ght be...

Manual  defined by developersManual, defined by developers
Automatic, inferred from 
context



Instance models as Instance models as 
equationsequat ons
p1 = base + s40 + Screen128x128p1 = base + s40 + Screen128x128

2 b A 60M1p2 =   base + Arena + s60M1 
+ Screen128x128

p3 = base + s60M1 + Screen128x160p

Doesn’t work for 
feature interaction



Configuration knowledge Configuration knowledge 
builds productsbu lds products



In this case, property files...



that are used to build that are used to build 
productsproducts

S40.properties

S40.ajproperties



Configuration knowledge Configuration knowledge 
essentially is...essent ally s...

a mapping from feature a mapping from feature 
expressions to core assetsexpressions to core assets



Product generation  use Product generation, use 
cases viewcases v ew
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Reduction strategy to features Reduction strategy to features 
and formulae languageg g

L 1 L 2 3 L 4 7Law 1 Laws 2-3 Laws 4-7FM 
language

Core
language

⇒
⇒⇒

⇒
formsforms
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Replace Mandatory (Law 3)

rA rA

A
fsA

A
fsA

=
B

fsB

B
fsB

=

fsB

forms

fsB

forms (A B)
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Replace Node (Law 4)

A

rA

A

rA

A
fsA

A
fsA

=
B

forms

B

forms (B A)
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Remove Root (Law 5)

A = A

forms forms ⋀ A
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Remove Node (Law 6)

rA rA

A
fsA

A
fsA

=
B

fsB

=

fsB

formsforms ⌐ B
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Add Formula (Law 7)

f ffs
forms = fs

forms ⋀ f

( ) f  b  d d d f  f d f(↔) f can be deduced from forms and fs.

Proved in PVS
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Change Alternative to Optional Change Alternative to Optional 
(Ref 3) Law 1 (→) Law 2 (→) ⇒( )

rA rA

A
fsA

=

A
fsA

B
fsB

=
C

fsC

B
fsB

C
fsC

forms forms ⋀ (A ⇒ (B ⋁ C)) ⋀
(B ⇒ ⌐ C) ⋀ (C ⇒ ⌐ B)
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Collapse Optional and Or Collapse Optional and Or 
(Ref 2)(Ref )

rA rA

A
fsA

⊑

A
fsA

B
fsC

C
fsD

⊑
D B

fsC

C
fsD

D
fsB fsB

forms forms

Proved in PVS
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Add Or Between Mandatory Add Or Between Mandatory 
(Ref 4)(Ref 4)

rA rA

A
fsA

A
fsA

⊑
B

fsB

C
fsC

B
fsB

C
fsC

⊑

forms forms

Proved in PVS
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Collapse Optional and Alternative to Collapse Optional and Alternative to 
Or (Ref 6) Ref 1 Ref 2⇒

rA rA

A
fsA

⊑

A
fsA

B
fsC

C
fsD

⊑
D B

fsC

C
fsD

D
fsB fsB

forms forms
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Remove Mandatory (Ref 7)

A

rA

A

rA

A
fsA⊑

A
fsA

B

f

B

f
fsB fsB

formsforms

Proved in PVS
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Remove Alternative (Ref 8)
rA rA

A
fsA

A
fsA

⊑
B

fsB

C
fsC

B
fsB

C
fsC

⊑

forms forms

Proved in PVS
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P ll  N d  (R f 9 10)Pull up Node (Ref 9-10)

A

rA

A

rA

fsA A
fsA

B =
B

fsB

C
fsC

fsB

C

forms forms
fsC

Proved in PVS
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Remove Formula (Ref 11)

ff fs
forms

fs
forms ⋀ f ⊑

Proved in PVS
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Extractive 1
rA rArA

FM1 FM2 FM3

A
fsA

A
fsA

⊑

A
fsA

B
fsB

C B
fsB

C
⊑

B
fsB

forms formsforms

P fProofs:
FM1 FM3: Ref 12 (intro C) 
FM2 FM3: Ref 8
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Extractive 2
rA

FM1 FM2 FM3
rA rA

⊑

A
fsA

A
fsA

A
fsA

⊑
B B

forms forms forms

Proofs:
FM1 FM3: Ref 12 (intro B) 
FM2 FM3: Ref 7 (B)
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Extractive 4
rArA

FM1 FM2 FM3
rA

A
fsA

⊑

A
fsA

A
fsA

B

forms

C
⊑

B

forms

C

forms ff f

Proofs:
FM1 FM3: Ref 12 (intro C)
FM2 FM3: Ref 12 (intro B)
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