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Using Formal Languages for Variability
Core

Choice Calculus

Binary
Choice Calculus

Algebraic
Decision Diagrams

Binary
Decision Diagrams

Option Calculus

Variation Trees

Artifact Trees

Variability-Aware
Abstract Syn-

tax Trees

is as expressive as

sharing loss
not
hypothesized

Projectional Editing
[Walkingshaw and Ostermann, 2014]
[Stănciulescu et al., 2016]

Variational Type Inference
[Chen et al., 2014]

Variational Databases
[Ataei et al., 2021]

Variational SAT and SMT Solving
[Young et al., 2022]

. . .Formalizing Software Product-Line Analyses
[Castro et al., 2021]

Classical Computation Problems
[Bahar et al., 1993]

Game Theory
[Aadithya et al., 2011]

. . .

Syntax-Checking for Variable Software
[Kästner, 2010]

Variability-Aware Parsing
[Kästner et al., 2011]

Feature Trace Recording
[Bittner et al., 2021]

. . .

But how do these
languages relate? Can
we transfer research
results based on one

formalism to the others?
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Research Goal Map Out Language Space
Core

Choice Calculus

Binary
Choice Calculus

Algebraic
Decision Diagrams

Binary
Decision Diagrams

Option Calculus

Variation Trees

Artifact Trees

Variability-Aware
Abstract Syn-

tax Trees

is as expressive as

sharing loss
not
hypothesized

Projectional Editing
[Walkingshaw and Ostermann, 2014]
[Stănciulescu et al., 2016]

Variational Type Inference
[Chen et al., 2014]

Variational Databases
[Ataei et al., 2021]

Variational SAT and SMT Solving
[Young et al., 2022]

. . .Formalizing Software Product-Line Analyses
[Castro et al., 2021]

Classical Computation Problems
[Bahar et al., 1993]

Game Theory
[Aadithya et al., 2011]

. . .

Syntax-Checking for Variable Software
[Kästner, 2010]

Variability-Aware Parsing
[Kästner et al., 2011]

Feature Trace Recording
[Bittner et al., 2021]

. . .

Why relating?

transfer research
results

guidance on which
language to pick

perform analyses or
proofs on "easy"-to-
process language

↕
base user-languages
on expressive formal
languages

a better
understanding of
variability itself
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Semantics
JeKc

Expression e

Configuration c
( , , , , )

Variant
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Example: Core Choice Calculus [Walkingshaw, 2013]

e ::= a�e, . . . , e� Object Structure
| D⟨e, . . . , e⟩ Choice

J

�
Salad?⟨ , ◦⟩,

,

Patty⟨ , ⟩,
Sauce⟨◦, , , ⟩
�

Kc

always

maybe

always

oreither

andany combination of

always

=

� , , , , �,

if c(Salad?) = 0,
c(Patty) = 0,
c(Sauce) = 2.
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How to Compare Variability Languages?

Semantics
Je1Kc1

Expression e1 ∈ L1

Configuration c1
( , , , , )

Variant

Semantics
Je2Kc2

Expression e2 ∈ L2

Configuration c2
( , , , , )

Variant

Can we translate the expression. . .

. . . and the configuration. . .

. . . such that these are equal?

and vice versa?
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L1 is as expressive as L2 iff
Every expression in L2 can be trans-
lated to an expression in L1 that de-
scribes the same set of variants.

L1 is variant equivalent to L2 iff L1 is as expressive as L2
and vice versa.

L1 is semantically equivalent to L2 iff
L1 and L2 are variant equivalent and
same configurations yield same vari-
ants. (Translation of configurations is
an isomorphism.)

Bittner et al. Formal Languages for Solution-Space Variability 8
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Annotation Language
How to annotate elements

with variability information?

Composition
How to derive

variants?

higher-order logic

propositional logic

list of literals

literals

names

Alternatives
choose exactly one from
a range of alternatives

Options
in- or exclude

an element

Core Choice Calculus
[Walkingshaw, 2013]

�
Salad?⟨ , ◦⟩,

,

Patty⟨ , ⟩,
Sauce⟨◦, , , ⟩
� Option Calculus

Bittner et al. Formal Languages for Solution-Space Variability 9



Annotation Language
How to annotate elements

with variability information?

Composition
How to derive

variants?

higher-order logic

propositional logic

list of literals

literals

names

Alternatives
choose exactly one from
a range of alternatives

Options
in- or exclude

an element

Core Choice Calculus
[Walkingshaw, 2013]

�
Salad?⟨ , ◦⟩,

,

Patty⟨ , ⟩,
Sauce⟨◦, , , ⟩
� Option Calculus

Bittner et al. Formal Languages for Solution-Space Variability 9



Annotation Language
How to annotate elements

with variability information?

Composition
How to derive

variants?

higher-order logic

propositional logic

list of literals

literals

names

Alternatives
choose exactly one from
a range of alternatives

Options
in- or exclude

an element

Core Choice Calculus
[Walkingshaw, 2013]

�
Salad?⟨ , ◦⟩,

,

Patty⟨ , ⟩,
Sauce⟨◦, , , ⟩
� Option Calculus

Bittner et al. Formal Languages for Solution-Space Variability 9



Annotation Language
How to annotate elements

with variability information?

Composition
How to derive

variants?

higher-order logic

propositional logic

list of literals

literals

names

Alternatives
choose exactly one from
a range of alternatives

Options
in- or exclude

an element

Core Choice Calculus
[Walkingshaw, 2013]

�
Salad?⟨ , ◦⟩,

,

Patty⟨ , ⟩,
Sauce⟨◦, , , ⟩
�

Option Calculus

Bittner et al. Formal Languages for Solution-Space Variability 9



Annotation Language
How to annotate elements

with variability information?

Composition
How to derive

variants?

higher-order logic

propositional logic

list of literals

literals

names

Alternatives
choose exactly one from
a range of alternatives

Options
in- or exclude

an element

Core Choice Calculus
[Walkingshaw, 2013]

�
Salad?⟨ , ◦⟩,

,

Patty⟨ , ⟩,
Sauce⟨◦, , , ⟩
� Option Calculus

Bittner et al. Formal Languages for Solution-Space Variability 9



�
Salad?⟨ , ◦⟩,

,

Patty⟨ , ⟩,
Sauce⟨◦, , , ⟩
�

Core Choice Calculus
[Walkingshaw, 2013]

�
Salad?{ },

,

Tofu?{ },

Meat?{ },

Ketchup?{ },

Mayo?{ }
�

Option Calculus

p

Named options
cannot express
alternatives!

�
Salad?{ },

,

Patty⟨ , ⟩,
Ketchup?{ },
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L is complete iff L can encode any given set of variants.

L1 is complete
∧ L2 is as expressive as L1

|= L2 is complete.

L1 is complete
∧ L2 is incomplete |= L2 is less expressive than L1.
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Alternatives Options

• complete

• more expressive
• encoding options

requires neutral
domain elements
or sacrifices
sharing

• incomplete

• less expressive
• cannot encode

alternatives

Conclusions:
• Options are useful syntax to increase sharing.
• For completeness, else statements or negations

of annotations are essential.
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