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Abstract: An important problem for databases is the unification of utilized data structures and
amplification of operation tools. Here, after a brief overview and analysis of database models, we
demonstrate that all considered data can be reduced to systems of named sets allowing representation
of the described database models as special cases of the named-set database model, which provides
efficient operations for data mining, information extraction, and database management.
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1. Introduction

Data are representations and containers (carriers) of information. Data andtheir
relationships form data structures. That is why modeling data relationships in the context
of data and knowledge structures is critically important for organization and optimization
of information processes in databases and beyond.

Data have different structures and both data processing in general and data mining
in particular depends on these structures. For instance, the well-known computer scien-
tist and mathematician Yuri Gurevich concluded his lecture [1] on the advancement of
theoretical computer science with the statement that to be useful for database technology,
computational models have to work with structures and not with strings of symbols. The
most popular data structures include Boolean values, characters, integers, fixed-precision
number values, floating-point number values, arrays, records, lists, streams, sets, multisets,
stacks, queues, and graphs, just to mention the most important of them. Here, in addition
to these conventional data structures, we consider named sets and chains of named sets as
the fundamental data structures for modeling data relationships in database models.

2. Database Models

As Angles and Gutierrez write, from a database point of view, the conceptual tools
that make up a database model should at least address data structuring, description, main-
tenance, and a way to retrieve or query the data [2]. These principles imply that a database
model consists of three components: a system of utilized data structure types with their
logical and operational organization; a system of operators and inference rules; and a sys-
tem of integrity rules [3]. The logical structure of a database includes the relationships and
constraints that determine how data can be stored and accessed. As a rule, database models
mainly pay attention to utilized data structures, which are represented by a database model.
Let us consider the main database models used for storing and preserving information.

The hierarchical database model is the oldest being developed by IBM for information
management system (IMS) [4]. In it, data are organized in the tree structure.

The network database model represents data with records and sets. Records contain
fields, which may be organized hierarchically, while sets define one-to-many relationships
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between records. This model is an expansion of the hierarchical model allowing many-to-
many relationships in a tree-like structure.

The flat(or table) database model consists of a single, two-dimensional array of data
elements, where all members of a given column are assumed to be similar values and all
members of a row are assumed to be related to one another having the same type. The flat
model predates the relational model.

The relational database model was introduced by Codd [5] and highlights the concept
of abstraction levels by introducing the idea of separation between physical and logical
levels. It is based on the notions of sets and relations. Due to its ease of use, it gained wide
popularity among business applications.

The multivalue database model is an extension of the relational model. In it, a field/attribute
can have several values at the same time.

The semantic database model represents objects and their relations in a natural and clear
way, providing users with tools to correctly reflect the desired domain semantics. The
entity-relationship model is an example of semantic database models [6].

The resource space database model (RSM) is a non-relational data model based on multi-
dimensional classification [7].

The object-orienteddatabase model is based on the object-oriented paradigm represent-
ing data as a collection of objects that are organized into classes and assigned complex
values [7].

The graphdatabase model represents objects and their relations in the form of a graph
overcoming the limitations imposed by traditional database models with respect to cap-
turing the inherent graph structure of data appearing in applications such as hypertext
or geographic information systems, where the interconnectivity of data is an important
aspect [2].

The semistructureddatabase model exemplifies data with a flexible structure, for example,
documents or Web pages. Semistructured data are neither raw nor strictly typed, as in the
conventional database systems [8].

The XML (eXtensible Markup Language) database model focuses on information with
tree-like structure [9].

The named-set database model represents information in the form of systems of named
sets such as named set chains [10].

3. Named Sets in Database Modeling and Data Representation

Here we show that all of these database models can be treated as special cases of
the named-set database model since all utilized data structures are either named sets or
systems of named sets.

So, the question is as follows: Why are named sets really essential, and what is so
specific about them?

First, it is proved that any mathematical structure is a named set or is built of named
sets and thus, the named set is the most fundamental structure in all mathematics [11].
For instance, functions, relations, variables, graphs, multigraphs, and morphisms (arrows)
in categories are special cases of named sets. Ordinary sets are also specific named sets,
namely they are singlenamed sets since all elements in a set with the name, say Q, have the
common name “an element of the set Q” [11].

Second, we see that named sets are vital for representation of data, knowledge, and
information as well as all cognitive processes and communication [12]. Taking any book on
databases, we see many examples of named sets (cf., for example, [13]).

Third, it is proved that the named set (also called fundamental triad) is the most
basic structure in nature [12]. As a consequence, named sets have become ubiquitous in
modeling natural systems.

Let us consider the basic definition.
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Definition 1. (a) A basic named set, also called a basic fundamental triad, is a triad X = (X, f, N)
with the following visual (graphic) representation:

f
X→N

(b) A bidirectional named set, also called a bidirectional fundamental triad, is a triad X = (X, f, Z) with
the following visual (graphic) representation:

f
X↔N

In this triad X = (X, f, N), the components X and N are two objects and f (in case a) is
a correspondence (e.g., a binary relation) from X to N and (in case b) is a correspondence
(e.g., a binary relation) between X and Z, which goes in two directions. With respect to X,
the object X is called the support of X and denoted S(X), the object N is called the component
of names (reflector) or set of names of X and denoted N(X), and the object f is called the
namingcorrespondence (reflection) of X and denoted r(X). It means that X = (S(X), r(X), N(X)).
Note that in X, components X and N are not automatically sets, while f is not necessarily a
mapping or a function even if X and N are sets. For instance, X and N are sets of words
and f is an algorithm.

The standard example is a basic named set (basic fundamental triad), in which X
consists of people, N consists of their names, and f is the correspondence between people
and their names.

Let us analyze the considered database models in the context of named sets.
Hierarchical data are organized as tree structures, which are chains of named sets start-

ing with the root of the tree and ending with its leaves [14]. Consequently, the hierarchical
database model is a special case of the named-set database model.

Any network in general and a network of records, in particular, have the structure of
a graph. A graph consists of vertices (nodes) and edges connecting some vertices. If V is
the set of all vertices and E is the set of all edges in graph G, then this graph is a named
set (V, E, V). Consequently, the network database model is a special case of the named-set
database model. Note that as records contain fields and fields are named sets with values
as their names, any network of records is a nested named set [15].

Any two-dimensional arrays in general and two-dimensional arrays of data elements,
in particular, are nested named sets [15]. Consequently, the flat database model is a special
case of the named-set database model.

Relations are special cases of set-theoretical named sets [11]. Consequently, the rela-
tional and multivalue database models are special cases of the named-set database model.

Objects (entities) with relations form a named set [11]. Consequently, the semantic
database model is a special case of the named-set database model.

Any classification is a set-theoretical named set [11]. Consequently, the resource space
database model is a special case of the named-set database model.

In the object-oriented approach, data are formed as objects and each object has a
name, set of attributes, and behaviors. Thus, the support of an object consists of its name
which is connected to its attributes and behaviors. This is the structure of a named set.
In addition, any set of objects is the named set, which is the union of the named sets of
individual objects [11]. Consequently, the object-oriented database model is a special case
of the named-set database model.

As it was demonstrated that any graph is a named set, the graph database model is a
special case of the named-set database model.

Finally, as any structure is built from named sets, the semistructured and XML database
models are special cases of the named-set database model. For XML data, this was demon-
strated in [16].
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4. Conclusions

An important peculiarity of utilization of named sets in databases is that algorithms in
general, and software systems in particular, for operation with data are also specific named
sets and systems of named sets. Namely, they are algorithmic named sets and their systems
(i.e., such named sets in which the relation f is an algorithm or a program) [11,17].

An important advantage of the named-set database model is not only structural unifi-
cation but also operational affluence. Indeed, manipulation with data demands utilization
of various operations and, in the case of using named sets for data representation, a variety
of operations such as mappings of different kinds, union, intersection, difference, renaming,
naming, interpreting, and reinterpreting, and their properties are provided by the theory of
named sets [11].

Operating with data in the named-set database model involves structural recursion
capturing the system’s repeating patterns. As a result, an important direction for future re-
search is exploration of structural recursion in the context of named sets and its application
to the problems of data search, as well as to database development and management.

Nesting is an important phenomenon in many areas in general and the database
technology in particular. Nested structures are efficiently modeled by nested named
sets [15]. Thus, one more interesting direction for future research is to study nested named
sets and operations in their domain with the goal of their employment in database operation
and control.
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