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Commonalities vs. specificities in 
(problem-space) variability modelling

● Variability modelling
– general-purpose modelling, e.g.: 

Universal Variability Language (UVL), T
extual Variability Language (TVL);

– special-purpose modelling, e.g.: 
● modelling video variants (VM; Alférez et al., 2019); 
● modelling variants of measurement devices (“automotive testbeds”);
● conditional-branching sub-language embedded into a Questionnaire 

Language (QL);
● As a community, we are regularly confronted with the known 

clash (a.k.a. “tools conundrum”) between 
– making available modelling-language tools targeting a maximally large 

(industry, scientific) audience (also, across domains) and
– the well documented need for highly specialised modelling-language tools, esp. 

in industry, down to the levels of single organisational units or software 
engineers; see Selic (2012), 

MODEVAR workshop series 

VaMoS’21



      

UVL, TVL, „Not Invented Here“, …
Heard that before at FOSD 2023?



      

Language specialisation vs. extension?

Adapted from Diomidis Spinellis (2001): „Notable design patterns for domain-specific languages“. 
JSS, 56(1):91–99, DOI: 10.1016/S0164-1212(00)00089-3)

MyDSVML

Base VML

Base VML

MyDSVML

  ✔ Increase integratability into 
      existing modelling tools/ toolchains

 ✔ Help meet safety requirements  
     (e.g., via increasing verifiability)

 ⚠ Allows for planned, restricted 
      reuse! 

  ✔ Serve a new need in modelling (or
      analysis).

  ✔ Facilitate building domain-specific
      textual system front-ends;

 ⚠ Allows for unplanned reuse open 
      to  extension;
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UVL as a V1E extension (ex.)

namespace ns
features
      f 
        mandatory
          a
          c
        optional
          b

Concrete syntax (UVL)

0 1

a

c

f

Backend representation 
(BDD)Abstract syntax (V1E)

f

1..1

a

0..11..1

c b

feature node

choice node

feature node

decomposition edge

multiplicity
edge

Schobbens et al. (2007): Generic semantics of feature diagrams. 
Computer Networks 51(2):456–479



      

TVL as a V1E extension (ex.)

root f {
  group [3..3] {
    a, c, opt b
  }
}

Concrete syntax (TVL)

0 1

a

c

f

Backend representation 
(BDD)Abstract syntax (V1E)

f

1..1

a

0..11..1

c b



      

V1E: Abstract syntax
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+choices : Choice [1..*]{subsets owned}
+/owned : Element [1..*]
+/root : Feature [1]{subsets owned}

attributes

Model

Element

+name : String [0..1]
attributes

Feature

+lower : int [1] = 1
+upper : int [1] = 1

attributes

Choice

+expression : String
attributes

Constraint

multiplicity

+owning 1
+candidates 1..*

decomposition
+context

1
+owned
0..*

A

B

0..1

decomposition
edge

multiplicity
edge

feature node

choice node

feature node



      

v1e

UVL abstract-syntax model (excerpt):
Mapping to V1E
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+choices : Choice [1..*]{subsets owned}
+/owned : Element [1..*]
+/root : Feature [1]{subsets owned}

attributes

Model

Element

+name : String [0..1]
attributes

Feature

+lower : int [1] = 1
+upper : int [1] = 1

attributes

Choice

+expression : String
attributes

Constraint

multiplicity

+owning 1
+candidates 1..*

decomposition
+context

1
+owned
0..*

UVL



      

V1E/UVL as an
Abstract-Syntax Extension

“Collaboration-based Design”

Choice

+/card:int

Choice

FeatureModel

U
V
L

V
1E

‹‹refines›› ‹‹refines›› ‹‹refines››

+includes:String
+namespace:String

Model

+attributes:Attribute [0..*]

Feature

+key:String [1]
+value [0..1]

Attribute

Constraint

Constraint

‹‹refines››



      

Grammar-based syntax definition and 
processing (1)

(1) Concrete-syntax definition

(2) Instantiation

Two-in-one grammar definition (a.k.a 
“object grammar”)

namespace ns
features
      f 
        mandatory
          a
          c
        optional
          b



      

FeatureModel <- `Model` Ns? Imports? (includes:Includes)? Features? Constraints? !.;
Ns           <- NAMESPACE namespace:Ref;
Imports      <- IMPORTS ( INDENT Import+ DEDENT )?;
Import       <- Ref; 
Includes     <- INCLUDES ( INDENT LangLevel+ DEDENT )?;
LangLevel    <- WS Major ('.' (Minor / '*'))? WS;
Major        <- 'SAT-level' / 'SMT-level' ;
Minor        <- 'group-cardinality' / 'feature-cardinality' / 'aggregate-function' ;
Features     <- FEATURES root:(`$root setRoot $0` Children) ;
Children     <- INDENT FeatureSpec+ DEDENT;
FeatureSpec  <- `Feature` name:Ref (attributes:Attributes)? (owned:Groups)?;
# ...

Grammar-based syntax definition and 
processing (2)

Instantiation generators

Assignment generators

Query generators



      

State of V1E/UVL

UVL Concrete syntax Abstract syntax Semantics/ services
Feature hierarchy ⬤ ⬤ ⬤
Feature groups* ⬤ ⬤ ⬤
Attributes ⬤ ⬤ ◒
Composition** ⬤ ⬤ ◯
Cross-tree 
constraints

⬤ ◒ ◒

Group cardinalities ⬤ ⬤ ⬤
Feature cardinalities ◯ ◯ ◯

Levels*** ⬤ ◯ ◯
*     mandatory, alternative, or, optional
**   imports, namespaces
*** major, minor

Based on Stefan Vill, „Language Levels for the Universal Variability Language:
An Extension Mechanism and Conversion Strategies“, 2022



      

Let’s discuss

● Contributions:
– Extensible abstract syntax: Extensible language-kernel model;
– Extensible concrete syntax: Composable object parsing-expression grammars (OPEGs);
– Semantics: Versatile multiplicity encoding and extensible constraint definitions;
– One analysis backend: BDD representation (using tclbdd);
– v1e/UVL proof-of-concept implementation (~400 SLOC, 66 E/BNF-like grammar)

● Additional limitations:
– Just one backend (tclbdd);
– Limited backend services (counting/ enumeration services only)

● Next steps
– Complete v1e/UVL (e.g., feature cardinalities, composition)
– Towards a “language product-line”: Identify common assets between language 

implementations, ...
– “Stresstesting” using the UVL model collection (What are the language-level affordances, 

exactly?)
– Extended and new backend services, based on  Sundermann et al. (2021): “Applications of 

#SAT Solvers on Feature Models”. In: Proc. VaMoS '21.



      

Thank your for your attention!

https://github.com/mrcalvin/djdsl
/

https://github.com/mrcalvin/djdsl/
https://github.com/mrcalvin/djdsl/


      

Multiplicity encoding of variation 
points(ex.)

explicit 
and-
choice

inclusive-or 
choice

optional choice implicit (“split”) 
and-choice



      

Multiplicities and Boolean 
correspondences

Multiplicity-based encoding of v1e model (choices) and 
the operators used in the corresponding Boolean formula.


