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1. Introduction

The relational model! for databases [2] is based on
a small number of mathematical concepts. For integ-
rity reasons (i.e. to avoid unmanageable collections of
data) some other concepts have been added to these.
Examples are functional dependency and primary
key. The latter concepts enable us to formalize invari-

ant properties of objects from the reality and to main-

tain these properties in the database.

The concept of primary key reflects a property of
an individual object but also a property of an object
type. Because a specific type of primary key is con-
nected with a specific base relation, it is stated that
the relation contains data about a certain type of ob-

ject. Unfortunately, this concept insufficiently guaran-

tees that every object in the database corresponds
with exactly one object in reality. Therefore, the con-
cept of convertibility in databases is introduced. Con-
vertibility suggests that base relations should be inter-
preted as collections of assertions (consisting of sub-
ject and predicate) instead of as collections of predi-

cates (as usual in relational database theory). This con-

cept visualizes the evaluation in data modelling from
programming [5] to databases [3].

The concept of convertibility will be introduced
with an example. This leads to new arguments for
using only normalized relations (i.e. with simple
attributes) in schemas of relational databases.
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2. Basic concepts

A domain is a set of values of similar type. Let D,
D,, ..., D, be a number of domains. The cartesian
product Dy X D,y X =+ X Dy, is the set of n-tuples
(t1,tq, ..., ty) such that t; € D,. A relation R defined
on these n domains is a (time-varying) subset of the
cartesian product. An attribute represents the use of a
domain within a relation. A relational database is a
collection of relations defined on a number of simple
(i.e. non-decomposable) domains. A base relation is
defined independently of other relations in the data-
base, i.e. a base relation is not derivable from other
base relations. The collection of definitions of all base
relations is called the schema of the database. The con-
tent of the database is the actual collection of tuples.

Suppose R is a base relation with (collections of)
attributes X and Y. The attribute Y of R is function-
ally dependent on X of R if and only if each X-value
in R has associated with it precisely one Y-value in R
(at any one time). A primary key is a minimal collec-
tion of attributes with the property that each value
denotes exactly one tuple of that relation. A simple
key is a primary key which consists of only one simple
attribute. A compound key is a primary key which
consists of more than one attribute. A foreign key is
an attribute which acts as a primary key in another
relation.
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3. Additional concepts

A database may be conceived as a model of a cer-
tain part of the realitv. Anything from that reality
which is relevant to be known or perceived is called an
object. Any relevant characteristic of an object is
called a propertyv. An objecttype is a collection of ob-
jects with the same properties. The following table
relates these concepts to basic concepts:

Concept in Concept in
reality database
object tuple
objecttype relation
property attribute

Some of these concepts are used in the following
example, in which a schema contains the following
base relation:

object(city, person).

By indicating the primary key of this base relation we
denote the type of objects that are represented in this
relation: only properties belonging to this objecttype
may occur in the base relation. If the primary key is
underlined, then

object(city, person)
contains data about cities, alternatively
object(person, city)

contains data about persons. Note that the definitions
above differ only in their primary keys.

4. Convertibility

Each object is essentially identified by its proper-
ties. Just as in reality, this involves some drawbacks in
databases. First, it becomes unpractical to use an enu-
meration of properties to refer to an object. Secondly,
it is possible that properties may change while we like
to consider the object as before. To avoid these diffi-
culties, primary keys (i.e. names) are used in databases
for identification purposes. These primary keys repre-
sent a number of invariant properties andfor a number
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of added attributes (i.c. not user controlled). Exam-
ples might be birthdates and serjal numbers in registra-
tions about persons. The consequences of the introduc-
tion of this concept were partly given by Codd. The
following example will show this.

Let a base relation contain data about persons. For
each person the relation contains its name and city.
Besides this an attribute called member id. has been
added to these properties to simplify the registration.
This attribute is the primary key of the base relation.
Hence, the following content would be admissible:

person(member id., name, city)

(0105, Jansen, Leiden)
(0106, Peters, Delft)
(0107, Jansen, Leiden).

With this content, registration cannot proceed satisfac-
torily. Suppose a transaction has to be processed on
behalf of Jansen from Leiden. This transaction
(which may result in a modification to the content of
another base relation) cannot be processed when the
properties name and city are used for identification.
since these are ambiguous while the base relation
meets the primary key property.

The previous ambiguity can be caused by:
— Incomplete perception of the reality.

In this case the base relation does not represent the
proper collection of properties. The following base
relation resolves this:

person(member id., name, city,  birthdate)

(0105, Jansen, Leiden, 420412)
(0106, Peters, Delft, 450723)
(0107, Jansen, Leiden, 680605).

— Redundant representation of the reality.

Before entering a new tuple in a base relation, it
must be confirmed that the tuple represents a new ob-
ject. This procedure would result in the following con-
tent:

person(member id., name, city)
(0105, Jansen, Leiden)
(0106, Peters, Delft).

The previous example illustrates that for each base
relation with simple key the following concept of con-
vertibility must hold:

— The collection of properties is functionally
dependent on the primary key (identification rule).
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— The primary key is functionally dependent on
the collection of properties (confirmation rule).

A user controlled primary key may be conceived
as a property. It is obvious that for such primary keys
the concept of convertibility also holds.

Convertibility can also easily be extended for base
relations with compound keys. Since all attribute
values of compound keys must occur in other base
relations as primary key values (according the rule of
referential integrity [3]), compound keys may be con-
ceived as (derivable) properties. It is trivial that in
such a situation the concept of convertibility also
holds.

The principle of convertibility also has consequen-
ces for allowable values in relational databases. It is
commonly accepted that a primary key may not con-
tain any nil-value (i.e. value at present unknown). It
is clear that according to the concept of convertibility,
nil-values in non-key attributes may not prevent con-
firmation.

There are two important currents in data struc-
turing. First, data structures are studied in program-
ming [S], where objects are identified by means of
their properties (the concept of primary key is un-
known). For example the definition of the objecttype
person could be as follows:

person(name, city),

Data about a person can be conceived as a predicate.
[t could be described as ‘having the properties of a
name and a city’. Although the definition above con-
tains a term for identification of the objecttype, no
such term exists for individual objects.

Another important current in data structuring is
identified by relational databases. The concept of pri-
mary key has always played a major role in databases
[2]. With the introduction of this concept the require-
ment of identification by means of the properties, as
illustrated above, has been neglected. However, the
suggested close correspondence between relational cal-
culus and relational databases has resulted in an inade-
quacy as illustrated below.

Let a base relation be defined as follows:

person(member id., name. city) .

A tuple in a base relation is conceived as a predicate.
The predicate could be described as ‘having the proper-
ties of a member id., a name and a city’, thereby com-
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pletely neglecting the concept of primary key.

Another interpretation is obvious. Using the con-
cept of convertibility, a tuple in a base relation could
be conceived as an assertion [1]. This assertion con-
sists of two components: a subject (representing the
name of an object in the database) and a defining pre-
dicate (representing all properties of an object in the
database). In the example above the subject would be
‘a member id.” and the defining predicate would be
‘having the properties of a name and a city’, as in pro-
gramming.

5. Consequences

In the previous section we have shown the impor-
tance of confirmation in databases. Just like other
basic operations (update, delete and insert) this new
operation also has consequences for the structure of
base relations.

Normal forms have been introduced in databases
mainly to avoid certain anomalies of modification
operations. However, this was not the case with the
first normal form. This normal form was mainly
introduced for two reasons: to simplify implementa-
tion and to use non-procedural languages for querying
the database [2]. With respect to the first normal form
we can extend the arguments.

Let a base relation be defined as follows:

person{(member id., name,

(repeating group: address)) ,

with member id. as primary key, name as property and
address as a repeating group of properties. For confir-
mation only one combination of name and address is
needed. This means that there exists no essential dif-
ference between a name and an address, so the defini-
tion above is not admissible for the schema of a rela-
tional database. (Note that splitting up this relation
into normalized relations [2] does not solve the prob-
lem.)

According to the principle of convertibility, it is
evident that a relation

person((repeating group: member id.),
name, address)

also is inadequate for the schema of a relational data-
base.
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