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Observations

Multiple approaches and definitions

Lack of a common understanding

Common terminology for the project

Contribution: a formal framework of
consistency in model-driven development
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Formalizing the V-SUM approach
A set-theoretic approach to V-SUM consistency



Models are atomic entities, belonging to a meta-model and related by consistency

A meta-model Mi is the set of its well-formed models mi ∈ Mi

A consistency relation is a relation on a (finite) number of meta-models: CR ⊆
∏

i≤n Mi

A V-SUM meta-model is a pair V = (V ,CR) where V =
∏

i≤n Mi and CR ⊆ V

A V-SUM model v of a V-SUM meta-model V is a tuple v = (m1, . . . ,mn) of models mi ∈ Mi

A V-SUM model v is consistent wrt. CR if v ∈ CR, written CR(v)
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Rule-based description of consistency
The Vitruvius approach



Consistency is defined at the meta-level by the methodologist
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Consistency preservation with Vitruvius [Klare et al. 2021]



Consistency from semantics
Semantical V-SUM



Semantics with Java programs as models

trace semantics

pre and post conditions

result of tests

termination property

number of methods or attributes of a class

Abstract semantics

[[·]] : M → S

M meta-model and S semantic space

It is purpose-dependent
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Impose conditions on the semantic spaces!

A semantic consistency relation is a relation SCR ⊆
∏

i≤n Si

v = (m1, . . . ,mn) in V =
∏

i≤n Mi is semantically consistent wrt. SCR if

SCR([[m1]]1, . . . , [[mn]]n)

We obtain a consistency relation CRSCR on V
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Reasoning on semantics
A little bit of lattice theory



For any meta-model and any consistency relation, there is a natural semantics
that captures exactly the information needed to evaluate consistency of models

1. Semantics that contain enough information to distinguish between consistent and inconsistent
models form a bounded lattice

2. The natural semantics is the bottom element of the lattice
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m1 and m2 in M are equal modulo [[·]]:

m1 ≡ m2 ⇐⇒ [[m1]] = [[m2]]

Factor out these equalities

M S

M/≡

[[·]]

s i

S and M/≡ made isomorphic by formal restricting S to the image of [[·]]

Study to the quotient sets M/R for the equivalence relations R ⊆ M × M
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Theorem ([Crawley and Dilworth 1973, Chap. 12] or [Grätzer 2003, Sect. IV.4])
The set of all equivalence relations on a set form a complete lattice called the equivalence lattice
with set-inclusion as order

Meet (infimum):
∧

R =
⋂

R

Join (supremum):
∨

R = (
⋃

R)∗

The isomorphism transfers the lattice structure from the equivalence relations to the abstract
semantics, reserving the order:

M/R1 ⊑ M/R2 ⇐⇒ R2 ⊆ R1
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Given two semantics [[·]]1 and [[·]]2, [[·]]1 ⊑ [[·]]2 iff [[·]]2 allows distinguishing between the same model
as [[·]]1 and possibly more

Bottom element: [[·]]⊥ : M → M/M2 ≃ {⋆}

All models have the same semantics [[m]]⊥ = ⋆

Top element [[·]]⊤ : M → M/idM ≃ M

Every model m ∈ M is its own semantic value [[m]]⊤ = m
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A family of abstract semantics ([[·]]i : Mi → Si)i≤n is compatible with CR iff there is a semantic
consistency relation SCR ⊆

∏
i≤n Si st.

CR = CRSCR

Compatible semantics encode enough information to determine if models are consistent
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Compatibility with CR



For a metamodel Mi , ma, mb ∈ Mi ,

ma ∼i mb ⇐⇒ CR cannot distinguish them

The semantics ([[·]]nati : Mi → Mi/∼i)i≤n are called the natural semantics for CR
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Natural semantics



Suppose that M =
∏

i≤n Mi describe components of a car

The models are consistent if the total weight is ≤ 1000 kg

What are the natural semantics?

[[·]]nati : Mi → [0, 1000] ∪ {too much}
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Proposition 1
The natural semantics are compatible with CR

Proposition 2
The semantics compatible with CR form complete lattices

Proposition 3
The natural semantics are the bottom elements of these lattices

Proof idea: By considering SCRnat =
{
([[m1]]

nat
1 , . . . , [[mn]]

nat
n ) | CR(m1, . . . ,mn)

}
and the quotient

sublattice (see [Crawley and Dilworth 1973, Chap. 2])
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Results



A formal framework of consistency in model-driven development

Current and future works

Add structure to the models (in a meta-model-agnostic way)

Model slicing

A (formal) language that can be used to define specific consistency relations
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