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Variability Languages
i.e. variability in the solution space

preprocessor binary choice calculus (2CC)

#ifdef Featurel
Linel
#else
Line2
#endif

file < Featurel ( Linel <>, Line2 <> ) >
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Motivation

variability languages

® binary choice calculus (2CC)
® n-ary choice calculus (NCC)
® core choice calculus (CCC)

® algebraic decision trees (ADT)

e feature structure trees (FST)
® option calculus (OC)

¢ clown-and-own (CaO)

in Moosherr, Paul Bittner, Thomas Thiim
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Motivation

variability languages

® binary choice calculus (2CC) o feature structure trees (FST)
® n-ary choice calculus (NCC) ® option calculus (OC)
® core choice calculus (CCC) ¢ clown-and-own (CaO)

® algebraic decision trees (ADT)

question: which one should you to choose for your project?
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Motivation

variability languages

® binary choice calculus (2CC) o feature structure trees (FST)
® n-ary choice calculus (NCC) ® option calculus (OC)
® core choice calculus (CCC) ¢ clown-and-own (CaO)

® algebraic decision trees (ADT)

question: which one should you to choose for your project?

goal for this thesis:
compare these variability languages regarding their expressiveness/compression
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Example of Size Differences

#ifdef Featurel
Linel
#else
Line2
#endi f
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Example of Size Differences

#ifdef Featurel
Linel
#else
Line2
#endi f

#ifdef Feature2
Line3
#else
Line4
#endif
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Example of Size Differences

#ifdef Featurel #ifdef Feature3
Linel Lineb

#else #else
Line2 Line6

#endi f #endi f

#ifdef Feature2
Line3
#else
Line4
#endif
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Example of Size Differences

#ifdef Featurel
Linel
#else
Line2
#endif

#ifdef Feature2
Line3
#else
Line4
#endif

Benjamin Moosherr, Paul Bittner, Thomas Thiim

On the Syntactic Expressiveness of Variabilit:

#ifdef Feature3
Lineb
#else
Line6
#endi f

#ifdef Feature4
Line7
#else
Line8
#endif

anguages — FOSD 2025



Example of Size Differences

2CC ADT

file < Featurel ( file < Linel <> », file
Featurel ( Linel <>, Line2 <> ) ~< Line2 «<» > )
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Example of Size Differences

2CC ADT
file < Featurel ( Feature2 ( file < Linel
Featurel ( Linel <>, Line2 <> >, <>, Line3 <> >, file < Linel <>,
Feature2 ( Line3 <>, Line4 <> ) Line4d <> » ), Feature2 ( file <
> Line2 <>, Line3 <> >, file <

Line2 <>, Line4 <> » ) )
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Example of Size Differences

2CC

file <
Featurel ( Linel <>, Line2 <> ),
Feature2 ( Line3 <>, Line4 <> ),
Feature3 ( Lineb <>, Line6 <> )

in Moosherr, Paul Bittner, T

On the Syntactic Expressiveness of Variability

ADT

Featurel ( Feature2 ( Feature3 ( file <
Linel <>, Line3 <>, Lineb5 <> >, file <
Linel <>, Line3 <>, Line6 <> » ),
Feature3 ( file < Linel <>, Line4 <>,
Lineb <> >, file < Linel <>, Line4 <>,
Line6 <> » ) ), Feature2 ( Feature3 ( file
~< Line2 <>, Line3 <>, Lineb <> >, file <
Line2 <>, Line3 <>, Line6 <> » ),
Feature3 ( file < Line2 <>, Lined4 <>,
Lineb <> >, file < Line2 <>, Line4 <>,
Line6 <> > ) ) )
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Example of Size Differences

2CC ADT

Featurel ( Feature2 ( Feature3 ( Feature4 ( file < Linel <>,

file < Line3 <>, Lines <>, Line7 <> >, file < Linel <>, Line3
. . <>, Lineb <>, Line8 <> > ), Feature4 ( file < Linel <>,
Featurel Linel <>, Line2 <> ), Line3 <>, Line6 <>, Line7 <> >, file < Linel <>, Line3

<>, Line6 <>, Line8 <> > ) ), Feature3 ( Feature4 ( file <
Linel <>, Line4 <>, Lineb <>, Line7 <> >, file < Linel
<>, Line4 <>, Line5 <>, Line8 <> > ), Featured4 ( file <

Feature2 )
>’ Linel <>, Line4 <>, Line6 <>, Line7 <> >, file < Linel

Line3 <>, Lined <>

-

Feature3 ( Lineb <>, Line6 <>
<>, Line4 <>, Line6 <>, Line8 <> > ) ) ), Feature2 (

Feature4 Llne7 _<>_’ Llnes Bl Feature3 ( Feature4 ( file < Line2 <>, Line3 <>, Line5 <>,

Line7 <> >, file < Line2 <>, Line3 <>, Line5 <>, Line8 <>

> > ), Feature4 ( file < Line2 <>, Line3 <>, Line6 <>, Line7
<> >, file < Line2 <>, Line3 <>, Line6 <>, Line8 <> > )
), Feature3 ( Feature4 ( file < Line2 <>, Line4 <>, Lineb
~<>, Line7 <> >, file < Line2 <>, Line4 <>, Lineb5 <>,
Line8 <> > ), Feature4 ( file < Line2 <>, Line4 <>, Line6
~<>, Line7 <> >, file < Line2 <>, Line4 <>, Line6 <>,
Line8 <> > ) ) ) )

o~ o~~~
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Definition of Size

® derived from the syntax

® count productions/constructors
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Definition of Size

® derived from the syntax
® count productions/constructors
® example: 2CC

® grammar:
2CC := a < 2CC, 2CC, ..., 2CC » (artifact)
| D(2CC, 2CC) (choice)
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Definition of Size

® derived from the syntax
® count productions/constructors
® example: 2CC

® grammar:
2CC := a < 2CC, 2CC, ..., 2CC » (artifact)
| D(2CC, 2CC) (choice)
® expression:
2CC
size: 0
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Definition of Size

® derived from the syntax
® count productions/constructors
® example: 2CC

® grammar:
2CC := a < 2CC, 2CC, ..., 2CC » (artifact)
| D(2CC, 2CC) (choice)
® expression:
file < 2CC »
size: 1
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Definition of Size

® derived from the syntax
® count productions/constructors
® example: 2CC

® grammar:
2CC := a < 2CC, 2CC, ..., 2CC » (artifact)
| D(2CC, 2CC) (choice)
® expression:
file < Featurel ( 2CC, 2CC ) »
size: 2
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Definition of Size

® derived from the syntax
® count productions/constructors
® example: 2CC

® grammar:
2CC := a < 2CC, 2CC, ..., 2CC » (artifact)
| D(2CC, 2CC) (choice)
® expression:
file < Featurel ( Linel <>, 2CC ) »
size: 3
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Definition of Size

® derived from the syntax
® count productions/constructors
® example: 2CC
® grammar:
2CC := a < 2CC, 2CC, ..., 2CC » (artifact)
| D(2CC, 2CC) (choice)
® expression:
file < Featurel ( Linel <>, Line2 <> ) »
size: 4
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Size comparison

should be independent of small differences

® inspiration: Big-O notation

® used for comparing the growth of functions

f=0(g) = dc,neN:Vn>ng:f(n)<c-g(n)

this requires enumeration
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Formalization

f=0(g) = 3Fc,npeN:Vn>ng:f(n)<c-g(n)
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Formalization

f=0(g) = 3Fc,npeN:Vn>ng:f(n)<c-g(n)
& dceN:VneN:f(n)<c-g(n) (if g > 0)
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Formalization

f=0(g) = 3Fc,npeN:Vn>ng:f(n)<c-g(n)
< JceN:VneN:f(n)<c-g(n) (if g > 0)
L1 <sLy := JceN:Vecly:Jde €l;:e = e Asize(er) < c- size(ep)
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Formalization

f=0(g) = 3Fc,npeN:Vn>ng:f(n)<c-g(n)

< JceN:VneN:f(n)<c-g(n) (if g > 0)
L1 <sLy := JceN:Vecly:Jde €l;:e = e Asize(er) < c- size(ep)
Li £s Lo = =(L1 <5 L)

& VeeN:deely: Ve € Ly:e1 = ey — size(er) > ¢ - size(ez)
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Example of Size Differences
ADT £,2CC & VYceN:de € 2CC:Ve; € ADT : e1 = ex — size(e1) > ¢ - size(e2)

2CC ADT
size = 4 size =5
file < Featurel ( file < Linel <> >, file
Featurel ( Linel <>, Line2 <> ) ~< Line2 <> > )

>
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Example of Size Differences
ADT £,2CC & VYceN:de € 2CC:Ve; € ADT : e1 = ex — size(e1) > ¢ - size(e2)

2CC
size =7

file <
Featurel ( Linel <>, Line2 <> ),
Feature2 ( Line3 <>, Lined4 <> )

ADT
size = 27

Featurel ( Feature2 ( file < Linel
<>, Line3 <> >, file < Linel <>,
Lined <> » ), Feature2 ( file <
Line2 <>, Line3 <> >, file <
Line2 <>, Lined4 <> » ) )
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Example of Size Differences
ADT £,2CC & VYceN:de € 2CC:Ve; € ADT : e1 = ex — size(e1) > ¢ - size(e2)

2CC
size = 10

file <
Featurel ( Linel <>, Line2 <> ),
Feature2 ( Line3 <>, Lined4 <> ),
Feature3 ( Line5 <>, Line6 <> )
>

in Moosherr, Paul Bittner, T

On the Syntactic Expressiveness of Variability

ADT
size = 39

Featurel ( Feature2 ( Feature3 ( file <
Linel <>, Line3 <>, Lineb <> >, file <
Linel <>, Line3 <>, Line6 <> » ),
Feature3 ( file < Linel <>, Line4 <>,
Lineb <> >, file < Linel <>, Line4 <>,
Line6 <> > ) ), Feature2 ( Feature3 ( file
~< Line2 <>, Line3 <>, Lineb <> >, file <
Line2 <>, Line3 <>, Line6 <> » ),
Feature3 ( file < Line2 <>, Line4 <>,
Lineb <> >, file < Line2 <>, Line4 <>,
Line6 <> > ) ) )
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Example of Size Differences
ADT £,2CC & VYceN:de € 2CC:Ve; € ADT : e1 = ex — size(e1) > ¢ - size(e2)

2CC ADT
size = 13 size = 95

. Featurel ( Feature2 ( Feature3 ( Feature4 ( file < Linel <>,
file < Line3 <>, Line§ <>, Line7 <> >, file < Linel <>, Line3
<>, Line5 <>, Line8 <> > ), Feature4 ( file < Linel <>,

Featurel < Linel <>, Line2 <> >, Line3 <>, Line6 <>, Line7 <> >, file < Linel <>, Line3

. . <>, Line6 <>, Line8 <> > ) ), Feature3 ( Feature4 ( file <
Feature2 < Llnes {>_s Llne4 <> >, Linel <>, Line4 <>, Line5 <>, Line7 <> >, file < Linel

. . <>, Line4 <>, Line5 <>, Line8 <> > ), Feature4 ( file <
Feature3 < Line5 <>, Line6 <> >, Linel <>, Lined <>, Line6 <>, Line7 <> >, file < Linel

. . <>, Line4 <>, Line6 <>, Line8 <> > ) ) ), Feature2 (
Feature4 < Llne7 <> H Llne8 <> > Feature3 ( Feature4 ( file < Line2 <>, Line3 <>, Lineb <>,

Line7 <> >, file < Line2 <>, Line3 <>, Line5 <>, Line8 <>

> > ), Feature4 < file < Line2 <>, Line3 <>, Line6 <>, Line7
~<> >, file < Line2 <>, Line3 <>, Line6 <>, Line8 <> > )
), Feature3 ( Feature4 ( file < Line2 <>, Line4 <>, Line5
<>, Line7 <> >, file < Line2 <>, Line4 <>, Line5 <>,
Line8 <> > ), Feature4 ( file < Line2 <>, Line4 <>, Line6
<>, Line7 <> >, file < Line2 <>, Line4 <>, Line6 <>,
Line8 <> > ) ) ) )
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Formalization

f=0(g) = 3Fc,npeN:Vn>ng:f(n)<c-g(n)

< JceN:VneN:f(n)<c-g(n) (if g > 0)
L1 <sLy := JceN:Vecly:Jde €l;:e = e Asize(er) < c- size(ep)
Li £s Lo = =(L1 <5 L)

& VeeN:deely: Ve € Ly:e1 = ey — size(er) > ¢ - size(ez)
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Formalization

f=0(g) = 3Fc,npeN:Vn>ng:f(n)<c-g(n)

< JceN:VneN:f(n)<c-g(n) (if g > 0)
L1 <sLy := JceN:Vecly:Jde €l;:e = e Asize(er) < c- size(ep)
Li £s Lo = =(L1 <5 L)

& VeeN:deely: Ve € Ly:e1 = ey — size(er) > ¢ - size(ez)

Li=sly, = Li<sbhhnLb <5l
Li<sly = Li<sbhhnlyZsl
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Properties

e <, is a partial order
® <. is a strict partial order

® —_ is an equivalence relation

.
IA

s and < are not total (i.e., there are uncomparable languages)

All of these are already verified using Agda (in our Vatras library)
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Current Progress

2CC = CCC <, NCC
2CC < ADT
2CC % FST

legend:

2CC
NCC
CCC
ADT
FST

FST «£s 2CC (because FST is incomplete)

binary choice calculus
n-ary choice calculus
core choice calculus
algebraic decision trees
feature structure trees

All of these are already verified using Agda (in our Vatras library)
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Current Progress

2CC = CCC <, NCC
2CC < ADT
2CC % FST

legend:

2CC
NCC
CCC
ADT
FST

FST «£s 2CC (because FST is incomplete)

binary choice calculus
n-ary choice calculus
core choice calculus
algebraic decision trees
feature structure trees

Vc e N:3Je € 2CC: Ve € FST : 1 = e — size(er) > ¢ - size(ep)

All of these are already verified using Agda (in our Vatras library)

Benjamin Moosherr, Paul Bittner, Thomas Thiim
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Future Work

open questions:

® How to handle incomplete languages?
VeeN:dey € Ly : (Vey € Ly : e1 = ep — size(er) > ¢ - size(e2))

A(Jep€lr:e = e)
breaks transitivity

® Do | need to consider feature model? (i.e., do feature models make a difference?)
future work:

® explore relationships between variability languages using <

® explore the influence of sharing primitives (i.e., subexpression reuse)

Benjamin Moosherr, Paul Bittner, Thomas Thim On the Syntactic Expressiveness of Variab uages — FOSD 2025



Questions?

open questions:

® How to handle incomplete languages?
VeeN:Jey € Ly : (Vep € Ly : e1 = ep — size(er) > ¢ - size(e2))

A (et € L1: e = e)
breaks transitivity

® Do | need to consider feature model? (i.e., do feature models make a difference?)
recap of the main definition:

Li<sLy = dceN:Veecly:Je €L;1:e = exAsize(er) < c-size(er)
Li s Lo = VceN:deely:Ve €L1:e = e — size(er) > ¢ - size(e2)
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