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RELATIONAL MODEL FOR A DATA BASE*
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Namur, Belgium

Starting from observation of real situations we

decided that it was more natural to consider two types

of relations : individuals defined by n-ary relations defined on sets of elementary values or charac-
teristics, which represent items of information discovered in the outside world, and binary relations

which represent semantic relations between individuals.

In the rest of the article, we present a few

considerations on a consultation language for data banks.

1. INTRODUCTION

The aim of our paper is to present briefly the essen-
tial ideas in the relational model and to outline the
language which manipulates the entitites defined 1in
it ; we will not discuss other topics such as the
access model which, with the relational model , con-
stitutes the complete architecture of our system.

In our view, every problem presupposes that we first
isolate "entities" of information that appear natu-~
rally and then the semantic relations which connect
them. Starting from this hypothesis we describe the
relational model which is its formalism. We consider
principally" INDIVIDUALS" as n-ary relations defined
over a certain number of "CHARACTERISTICS" and the
semantic relations as binary relations between indi-
viduals. We will try to relate our approach to the
work of E.F. Codd [1],[2lwho considers that a natu-
ral approach is to view a data base asa collection
of tables having a certain number of characteristic
properties and varying in time. He only considers
first order relations and we can say that the con~
cept of key which allows him 1in a certain way to
represent second order relations between primary re-
lations is not explicit,contrary to our approach.The
language which he next defines,manipulates relations
allowing him to achieve independence of the programs
from the physical structure. However ,without neglec—
ting this important objective we considered it
necessary to define a model which represents the
reality as faithfully as possible. We are used to
manipulating entities which we consider significant
in the problem being treated, with these entities
linked by relations. Starting from this observation
we have isolated the concepts of individual and
relation.

Once this has been realized and described by the rela
tional model, it is obviously necessary to have a
language capable of manipulating the defined entitles
simply. We think that only a conversational language
will allow us to realize this objective of simple
manipulation, since such a system can help the user
to define his requests.

As for the problem raised above,of the independence
of the user programs with respect to the data,which
is an essential part of the design of a data bank
system, we think that a hierarchy of models will
solve this problem. Without going into further de-
tails, we envisage on the one hand a relational modd
as a tool for describing the semantics of a problem,
and on the other hand,an access model defined 1in
such a way as to describe and resolve the problens
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of efficient representation, search, protection and
maintenance and a physical model describing the
implementation.
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2. DESCRIPTION OF THE RELATIONAL MODEL

2.1 Concepts

As we. have already said, even a user who knows no-
thing of computer science, 1s used to manipulating
items of information which he considers significant
for his problem and these items are connected by
relations;we have introduced the following concepts
in order to take this hypothesis into account.

(i) The concept of characteristic

A characteristic is a pair (name ,V)where V 1s a set
of atomic values(a sequence of alphanumeric charac=
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ters). A characteristic is thus designated by its na
me. For example, if we have the characteristic (AGE,
{1,...79}), we will say that 18 is a realization oOr
value of the characteristic called AGE. The pair
(AGE, 18) constitutes an iltem of information ; V 1s
called the domain of the characteristic.

(ii) The concept of individual

An individual is a pair (name,R) where R 18 an n—ary
relation defined over n characteristics, where the
order of the domain within the relation is not 1im-
portant. For example, if we have three characteris-
tics (NAME, {Dupont, Durand, Martin}), (SEX, {male,
female}) and (AGE, {1,...,79}), we could define the
individual (PERSON, R) where R is the set : {{(NAME,
Dupont), (AGE, 17), (SEX, male)},{ (NAME, Durand),
(AGE, 19), (SEX, female)},{(NAME, Martin), (AGE, 2734
(SEX, female)}} R is called the domain of the indi-
vidual. In order to remember that the individual 1is
defined over the characteristics NAME, AGE, and SEX,
we will write PERSON (NAME, AGE, SEX).

(1ii) The concept of relation

This concept allows us to represent a semantic rela-
tion between two individuals. A (semantic) relation
is a pair (name, R) where R is a binary relationship
defined over two individuals, the order of the do-
mains of the relation having no importance : they are
identifiable not by their position within the rela-
tion but by their name. This fact implies of course
that the name of a domain is unique within a relation

For example, if we have defined the individuals na-
ned PERSON and FIRM, we can define the relation de-
noted by EMPLOYER (PERSON, FIRM) as (EMPLOYER, R)
where R 1s, for example :

R={{ (PERSON, {(NAME, Dupont)}), (FIRM, { (NAME,"IBM") 1)},
{ (PERSON, {(NAME, Durand)}),(FIRM, {(NAME, 0 1] g 3 S
{ (PERSON, {(NAME, Martin) D, (FIRM, { (NAME, "UNIDATA'") D}
If the two members of a relation are identical, we
must qualify them in order to distinguish them se-
mantically. Example : if we define a relation as :
(FILIATION, {{(PERSON, {(NAME, Dupont), (CHRISTIAN
NAME, Jean)}), (PERSON, {(NAME, Dupont), (CHRISTIAN
NAME, Nicolas)}),...... }.

We note that it is ambiguous. So it 1s necessary to
define 1t as (FILIATION, R) where R is {{(PERSON.
PARENT, {(NAME, Dupont), (CHRISTIAN NAME, Jean) }),
(PERSON.CHILD, {(NAME, Dupont), (CHRISTIAN NAME,
Nicolas)Pl}t..eeeon. g 1},

Thus, the user's job is to define on the one hand,
named individuals, formed by grouping a certaln num-
ber of named characteristics and on the other hand
relations between these individuals. The definition
of these individuals and relations depends heavily
on the problem treated. An individual CLIENT, for
example, is completely different if defined by the
accounts department than if defined by the sales
depar tment.

(iv) The state of a data base

We will denote by state of the data base, a collec~
tion of individuals and relations, completely defi-
ned at time t. It is clear that the items of infor-
mation evolve in time, more precisely, the indivi-
duals or relations can be modified (addition or sup-
pression of elements of sets) and new individuals or
relations can be defined or existing ones suppressed.
Thus, we can state that a data base is a countable
sequence of states.

2.2 Types of relation

A relation R (A, B) defined over the individuals A
and B is :
1-1 if ¥a€A ¥bEB IRA[a]lé | ethB[bll*é l.

1-n if ¥bEB IRB[b]lé .
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n-1 if ¥a€A IRA[a}Ié i
m—-n 1n the other cases.
We use the notation || for the cardinal.

This classification permits a realisation of impor-
tant semantic properties of the relations, for
example, if FATHER (PERS@N, PERSQN) is a relation de-
fined for the individual person, it is 1-1 and in
this way we express the fact that a person can have
only one father. The importance of this 1s not ne-
gligible for the implementation, the m—n relations
are not implemented in the majority of systems, as
they are very difficult to do.

2.3 Existence properties of individuals

The realisations of an individual do not always
exist independently of those of one or more other
sndividuals : for example, an individual "ADDRESS™
has realisations only if they are effectively the
addresses of one or more people, an individual CHILD
has elements only if they are the children of one or
more people. An examination of such situations has
led us to describe the following typology of indivi-
duals based on their property of existence.

(i) Obligatory member of an 1individual with respect
to a relation

If A and B are two individuals connected by a rela-
tion R (A, B) we will say that B is an obligatory
member of A with respect to R if

bEB=a€ A : {a, b} ER.

If PERS@PN (SURNAME, CHRISTIAN NAME, SEX) and ADDRESS
(TOWN, NUMBER, STREET) are two individuals, the re-
lation LOCALISATION (PERS@N, ADDRESS) represents the
semantic relation of a person to his address ; we
can say that ADDRESS is an obligatory member of
L@CALISATI@PN to represent the fact that a realisa-
tion of ADDRESS is necessarily the address of a per-—
s0Mm.

(ii) Member of a pool of individuals with respect to
a pool of relatioms

An individual may '"depend' on several relations and
the preceding concept can be generalized in the
following way

IE AI, Az s An are individuals, B 1s a member of

the pool of the individuals Al, Az, i An with res-
(A_, B), " Rn(ﬂn,E) L f

pect to the relations R] ,
. vJae€a {a_,b} €ER
n o n n

bEB #Ba!'EA, {a,, b} €R, v

(iii) Weak member of an individual with respect to a
relation

If A and B are two individuals connected by a rela-

tion R(A, B) we will say that B 1s a weak member of

B with respect to R if B is not an obligatory member
of R.
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Fig. 2. an example of a data base
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If PERSON and FIRM are individuals, PERSON 1s a weak

member of the individual FIRM with respect to the
relation EMPLOYEE (FIRM, PERSON) if one wants to
show that the existence of a realization of FIRM is
independent of the realizations of PERSON. A firm
is, in effect, independent of the persons it em-
ploys.

2.4 Consequences of this typology

The properties of existence of individuals have 1im-
portant consequences for the operations of addition
and suppression.

(1) Obligatory member

If A and B are individuals connected by the rela-

tion R (A, B) where B 1s an obligatory member of A

with respect to R, we have the following properties:

- the set R, is the domalin of the individual B at
any insta%t.

- If we add a realization to the individual B, 1t
must be connected to at least one element of A,

- If we suppress an element of A, the realizations
of B which are connected to 1t, must also be sup—
pressed providing they are not connected to any
other element of A.

- If we suppress a realization {a, b} of the rela-
tion R (A, B), the element bEB must be suppressed
providing it is not connected to another element
of atA.

We see then that the typology allows elther

- semantic controls, or

- automatic operations of addition or suppression,

(11) Member of a pool

If B is a member of the pool of the individuals

Al ORL An with respect to the relation R](AI,B),

e RH(AHB), then :

— The union of the sets R. i=l, ..., n, 1s the

Ta.
1

domain of B at any instant.
— If we add an element to the individual B it must
be connected to at least one element of atleast

one of the individuals A], An.

- If we suppress a realization of one of the
Ai i€[ 1,n] , the realizations of B which are con-

nected to it must also be suppressed, providing
they are not connected to other elements of the
.Fii 1€[ 1,n] .

3. DATA BANK CONSULTATION LANGUAGE

The classic functions of a language for data banks
are well-known : they are the consultation, up-
dating (modification, addition and suppression) and
definition of information. However, if we consider
the case of a manager of a firm, for example, he

asks himself certain questions of variable complexi-

ty, amongst which we can isolate certaln semantic
primitives which could form his personal language
in fact the elementary functions of consultation
and updating do not interest him 1n themselves as
they are too restrictive for the problems he has to
consider. Also, the personnel director, the manager

of the stocks or the production manager will consult

the firm's data bank in different ways, which means
that each must have a language specific to
the problems he has to treat,formed of special pri-
mitives which will be expressed in terms of elemen-
tary functions of the kernel language. This kernel
language is based on the relational model, 1i.e. it

contains commands which manipulate the entities con-

sidered in the latter. The first objective 1s sim-
plicity ; we think that a conversational mode will
allow us to reach this objective since 1t permits
the system to intervene if the user has difficulty
defining his request and it permits step—by-step

working where the user does not ask his question at
one go.

The kernel language in question comprises a specifi-
cation language whose role 1s to designate one or
more realizations of an individual, and a command
language which allows one to specify the actions one
wants to act on the designated individual.

IPersnnne _]

Véhicule

l Volture J
l Accident i]

Fig. 3. Example of a data base

If we consider the base described in fig. 3 we can
write the following request :

"Recherchea une personne ayant (nom Dupont et exlste
une résidence secondaire EE_EE_véhicule dont (marque
Simca et n° 12B47 et un accident dont (date =
12434722 ) )%
This expression of a language consists of a key word
"Rechercher'" which indicates a command and a desi-
gnation of the individual Person through the inter-
mediary of a filter which gives a series of condi-
tions on the individual. This filter is introduced
by a key word, one of "ayant", "tel que', "dont",
"qui a'" and is a boolean expression of criteria of
value, existence and relationship.

A criterion of value expresses a condition on the
values of a characteristic of an individual and has
the syntactic form

<characteristic> <pperator> <value>

where the operator can be omitted 1f 1t 1s equality.
"Nom Dupont" is a criterion of value, "existe une
résidence secondaire' is a criterion of existence
which tests that the characteristic ''résidence-secon-—
daire'" has a wvalue.

A criterion of relationship expresses the existence
of an individual, possibly filtered, connected with
the designated individual, for example "un véhicule
dont (marque = Simca et ... date = 12/3/72).

<filtre> ::= <mot clé&> (<condition>) ;

<mot cl&> ::= tel que / avant / qui a / ayant pour /
a / dont :

<condition> ::= <conditiom> [ et <condition3>]" ;
<condition3> ::= <condit> [ou <condit>], ; "
<condit> ::= <conditionl> / <condition2> ;
<conditionl> ::= <caractéristique> [op], <valeur> ;
<conditionZ> ::= <quantificateur> <relation> <fil-
tre> / existe <caractéristique> / existe aucun <ca-
ractéristique> ;

<op> :1:= =/ # /> [/ =2[< ] <;
<quantificateur> ::= un / tous / N / premier / der-
nier / NAME ;

Syntax of a filter

Since an individual possesses a variable number of
realizations, we use a quantifier to specify the
number of realizations that interest us,

The command language contains essentially the follo-

wing actions !

- access to one or more realizations of an individu-
al.

- modification of values of one or more characteris-
tics of an individual.

- addition of a realization of an i1individual.
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C. Deheneffe et al., Relational model for a data base 1025

of one or more realizations of an 1n—

statements.

actions.

a realization of a relation.

of a realization of a relation.

an individual.

a relation between two individuals.

At the present time, we are at the implementation
stage and it is, therefore, out of the question to
come to any final conclusions. The main problem 1in
data structures is to represent in a more or less
natural way or as faithfully as possible the infor-
mation which the user wishes to store and manipulate
in the data base. In this paper an attemp has been
made to resolve this problem by introducing the con-
cepts of individual and relation and by analyzing
the properties of these concepts which could be in-
teresting for the representation according to the
criteria which we have defined. We have also presen-—

ted our ideas

for a consultation language for data

banks. In addition to the classic functions which we
consider as elementary, we have to provide the users
with a language of semantic primitives. This 1s the
aim of our current work.

APPENDIX

Let A and B two sets.
We define a relationship as a subset of the set of
all the pairs we can form by taking an element of
A and an element of B.

We define de following sets

{b / bEB A {a, b} ER}

acA R A[ al

bEB RB[b] = {a / acA A {a, b} €R}

R = U R,/[a]
A SEA A

R. = U R[Db]
B HER B
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