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| ABSTRACT

The classical relational model, as proposed by Codd, is based on a rigid set structure where each attribute takes an atomic value.
However, current data modeling needs, especially in semi-structured systems, require the representation of multi-valued
attributes. In this paper, we propose a rigorous mathematical model extending the relational model to allow for multivalued
attributes, while maintaining set consistency. We define the formal structure of this model, illustrate its operation through
examples, and discuss its advantages and possible integration with modern databases.
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1. Introduction
Since its proposal by E. F. Codd in 1970 [1], The relational model formed the theoretical basis of relational database management
systems (RDBMS). In this model, a relation is a set of tuples, and each attribute in a tuple is assumed to take an atomic value.

However, in many practical cases, some entities require attributes that can take multiple values. For example, an individual may
speak multiple languages, a scientific article may have multiple authors, or a product may belong to multiple categories. The
classic relational model handles these situations through separate relationships (normalization), which sometimes complicates
queries and semantics.

Here we offer a relational model extended to multi-valued attributes, inspired by set theory, which explicitly allows finite sets as
attribute values, while maintaining the foundations of the relational model.

2. Proposed mathematical model
2.1 Basic definitions
Soit D = {D1,D2,....Dn} all atomic domains.

Simple attribute: an attribute Ais said to be simple if its domain D € D.
Multi-valued attribute : an attribute A is multi-valued if its domain is a power of an atomic domain, i.e. D = P(V ), with V € D.

2
Relationship diagram: A relationship schema is a set of attributes noted :

R={A1:T1,A2:T2,..,Ak: Tk}
where each Ti is a single or multi-valued domain.

Generalized tuple: a tuple t is a function t : R — Si Ti such as t(Ai) € Ti for everything Ai.
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Generalized relationship: a relation is a finite set of tuples :

k
r C HR
i=1

2.2 Example : people and languages spoken
Consider the following diagram :

Person(ID : N,Name : Chain,Langues : P(L))
avec
L = {fr,en,ar,es,zh}

A possible instance of the Person relationship :

ID Name Langues
1 Alice {fr, en}
2 Bob {ar, fr, es}
3 Chao {zh}

2.3 Extended relational operations

Projection :tNom,Langues(r) = {(t(Nom),t(Langues)) | t € 1}

Selection by inclusion :
ofreLangues(r) = {t € r | fr € t(Langues)}
Exact equality of set :

olLangues={fr,en}(r)

Joint : Join operations are possible with single or multi-valued attributes, provided that the match condition is redefined.

2.4 Normalized decomposition

A multi-valued attribute can be represented by a separate relationship :

Parle(ID : N,Langue : L)

Relational model extended to multi-valued attributes 3

ID Langue
1 fr

1 en

2 ar

2 fr

2 es

3 zh

This allows the use of classic relational operators, while facilitating integration with existing systems.
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3. Benefits and Discussion
The proposed model :

— Formally extends the relational model without breaking its coherence.
— More accurately reflects certain natural data structures (preferences, languages, keywords).
— Simplifies representations in document-oriented or semi-structured databases.

his model can be implemented directly in NoSQL databases like MongoDB, or integrated into RDBMS via JSON structures or
explicit joins.

4. Conclusion

We have presented an extended relational model to integrate multi-valued attributes in a mathematically consistent manner.
This model, based on set theory, remains compatible with the foundations of the relational model and meets the needs of
modern data representation. Future perspectives include the study of query optimization within this framework, as well as its
integration into query languages such as SQL or Datalog.
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