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ABSTRACT:

The relational model of data bases is' studxed
from three interdependent view points, Relational data bases

are first modelled by directed hypergraphs, a coneept'derlved;

in a straightforward way from Berge's hypergtaph theory..Then
the abstract directed hypergraphs are interpreted. using f&aj
linguistic model, and finally represented as a necessary step’

towards computer implementation,

The normalization of relations is briefly"

discussed in the context of the three approaches,

KEY WORDS:

v Relational data bases, hypergraphs, directed
hypergraphs, case grammars, semantic networks, adjacency

lists, normalization of relations.

RESUMO:

0 modelo relacional de bancos de dados:é estuda-
do de trés pontos de vista interdependentes, 0s bancos de dados
relacionais sao primeiro modelados por hipergrafos difigidoe s
um conceito derivado diretamente da tepria de hipeigrafos de
Berge. Depois, os hipergrafos dirigidoes abstratos sao interpre
tados usando um modelo linguistico, e finalmente representados

comp UM passo mnecessario para implementacao em computador.

A normalizacao de relagoes & discutida brevemen

te no contexto das tres abordagens,

PALAVRAS CHAVE:. Bancos de Dados relacionais, hipergrafos,

hipergrafos dirigidos, gramaticas de caso, redes semanticas ,

listas de adjacéncia, normalizagao de relagoes.
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1- INTRODUCTION

et e e e oo o B

In this research the relatlonal model of data bases [:1_1

examined under different formal _aspects.

DI’D25""Dm‘ and relatlons among them. An n-ary relatlon R on dqmaids‘
,Di ,D.v,...,D1 » where the Di .are not necessarlly dlstlnct, iy defined
n : h] Sl -
by R CID1 X Di X .vo X Di' » i.e. a subset of the Cartesian product of
- 1 -2 e e :
n - .

. the indicated domains.

It is requlred that all 1e1at1ons be in first noxmal form, whlah

simply means ‘that all domains in a relatlon must be 51mp1e thelr elements

belng 1ndecomposab1e objects.

Relations are represented as two-dimensional arrays or tables,’
whose columns denote the constituent domains and whose rows denote the nnf
tuples (or simply tuples) , i.e. the combinations of elements from ffthe"

constituent domains which stand in the relation.

The description of an RDB, by enumerating the domains and de~
fining the relatioms, is called elsewhere [i] a schema, while theﬁiﬁdi*n

vidual domain elements and tuples constitute the instances of theﬂéqhema,

Queries t0‘thé RDB can be formally expressed through a relational

algebra and a relational calculus [i] of equal expressive power but. dlffer—

ent degree of proceduralness, the calculus being less procedural and somo-
what closer to a natural language formulation of the querles. R
R
The original relational model, being purely algebraic," 1acks the
visual intuition provided by graph-theoretic formalisms. In fact, attempts
to use graphs to model n-ary relations, for n greater than two, have fa;icd-

it will be shown in section 2 that we have 'to resort to directed hypergtaphs -

'~ a concept derived in a straightforward way from the hypergraph theory . of

Berge [4] ~ in order to overcome the difficulties.
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Also, the original relarional model does not stress the meaning
of the relations. In gection 3 we shall consider the gemantics of relations

when interpreting the abstract directed hypergraphs.

The only data structure used with the original relational model
is the relggion table. Other data structures are used in zctual implemen—
tations; in section 4 we shall show that some of these additional structures

are in fact logically essential for representing the directed hypergraphs.

1 all sections the conformity to the first normal form is demon—
strated. In section 5 the further normalization leading to third‘normal
form [i! will be reviewed in the context of the notions developed in the

previous sections.

This research presents the theoretical foundations of project
HYADES (gypergrgph Egtabasgﬁ), being conducted at the Pontificia Universi

dade Catolica do R.J.



2~ THE ABSTRACT MODEL

Binary relations can be displayed very simplyvéﬁd?danéniéhtiy

by way of directéd'graphs.

For n-ary relations a decomposltlon into blnary telatlons “has
been tried. The first problem, of course, is that more than one decom—.
"position is possible; thus, if (a,b,c) € R. we can have exther a Ry(b Rac)
or (a Rib)Rac . However, there is a worse problem known 4s comnection.
trap  [1}.

As an ex#mple, let R = {(a,b,c!),(af?b?c)}; we would expect that

'the directed graph below corresponds to R (Fig. 1).

Figura 1: A ternary relation as & directed graph’

The drawback is that the figure shows more than we 1ntended.‘it
shows that (a,b,c) and (a',b,c') also belong to R, whlch 1n(nn:examp1e is

falsé.

Faced ‘with this unsultabxllty of dxrected graphs to mo@élfﬁf??yf

relatlons for n>2, we resort to hypergraph theory [5].



A simple hypergraph H is an ordered pair (V,E) wﬁeré :

-V is a set of nodes, which are indecomposable elements -~ cf.

first normal form in the TIutroduction;

- E is a set of edges, which are sets of nodes from V, i.e. A

Ec 2V (the powerset of V).

Since in a set no element can appear Lepeatedly, no- two edges Jn‘
E are identical in the sense of comprising the same nodes. Thls Ls what 1s f

meant by a hypergraph being simple; the removal of thls restrlctxon leadq -

to multiple hypergraphs.

A hypergraph is uniform of rank u, for n a positive ihtegei;:i£g7

all the edges have (are incident to) n nodes.

The notion of direction is added by requ1r1ng that the edges be ;
ordered sets. We shall be interested only in uniform dlrected hypergraph

where E E}V (the Cartesian product of V by itself n-1 trmes)

In a directed graph we identify two roles for the endpoxnts of [
an edge. Graphically, one role is dlstxngulshed by the presence of an ;, o
arrowhead touching the nodes playing that role. Sometxmes the rolesj{3éfe f
also distinguished by names, such as origin and destxnatlan, accordlng to :

a particular interpretation of the graph.

In directed hypergraphs we shall defer the assigﬁmeﬁtiofznameé;
to the roles until the next section. For the tlme being, roles w111 be o
designated by numbers, so that nodes appearing in the inl place of ’thé‘
ordered sets (edges) in E are said to be playing role i. Note,'an1dentally,
that the definition of uniform dLrected hypergraphs allows the same node

to play different roles, even in the same edge.

For graphical representatlon the couventions proposed 1n Ld] are_
adopted, with the addition that if a node v plays role i in an edge e, hen

we drav.i lines between v and e (Fig. 2):



Figura 2: Uniform directed hypergraph with E = {(a,

As a generalization of the concepts of 1n—degree ‘and out—degree,»
we define as the 1mdegree of a node the number of edges were the node - plays

role 1i.

de51gnat1ng roles; the J~degree of § is the number of edges Wher

P plays role JP for p ranging from 1 to k.

The set V of nodes can be manz—sorted con31st1ng ”

dlfferent sets or domains. Wlth this we ' almost have the de31rf"

dence to an n-ary relation. All that is m1351ng is the prov1so that~to each
role there must correspond only one doma1n, whereas the same domaln can play
more than one role' to make this clear let us deflne, as in the" Introductlon,

Ec D, x D "X eeey X D » whele the D, - are not necessarlly dlStlﬂCt.
1 Yy *n j o
. Clearly, domain elements are thus assimilated to nodes and relatLon tuples

to edges. From now on thlS definition is assumed for all dlrected hypergraphs

to be. dlscussed in thls paper.

In the situation where the"D1 'afe dist nct. we may use’“551mp11f1ed

represeatation, placing the nodes of eacﬂ domain at a dlfferent'helght

omitting the lines which distinguish ;be-roleg. The ;gl@;%gg,;n E}ggt%qr':f
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shown in this representation; note the absence of the connéction trap pro-

blem (Fig. 3).

domain A - role'l

_domain B - role 2

domain C - r61¢531

Figure 3: Directed hypergraph with different domaing;plaYiﬁgféiffgtéﬁ»’

ent roles.

An entire RDB is then a family of directed hypergraphs of varlousj,
ranks, possibly sharing some domains. It can also be v1ewed ‘as one multlple{f
directed hypergraph with labelled edges (the labels denotlng the dlfferent .
relations), with the restriction that multiple edges cannot havevthe-samg;j

label.

In correspondence with hypergraphs, several kindé‘of”raprésentaﬁf;

tive graphs can be defined [4]. Here, two kinds will be introduced:  the

‘schema representative graph gnd the instances represeptatlvg.graggl
Iy tﬁe former
- one set of nodes consists of one node fo; egch dom;in{f
~ the other set of modes consists of one pode fof eachvreiégiéq; :
- the graph is bipartite: relation nodes are lmked to doma-un’ _ e

nodes through edges labelled with the roie played by the domaln

in the relation.
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, For'exémple, let the RDB'CQDSiSF of .the domgipé“
the relations RCAxBx C and 'S¢ B x D (Fig. 4).

Figure 4: Schema representative graph

In the latter

— one set of nodes consists of the original Rpﬁ

-~ the other set of nodes cor:ésponds to the edgesggfﬁtﬁéf
RDB; B |

- the graph is also bipartitéé nodesvin the-segdbd
to nodes in the first -one thr@qgh edges labelled witt
played by the RDB nodes in'the RDB édges..

Using the pfevious example, suppose' ,
that R = {(a,b,c)} and § = {(b,d),(b',d")} (Fig. 5).

Figure 5: Instances repreSentative graph
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As noted in [4], well—-known propertles of graphs can be extended
in a natural way to hypergraphs. It is to be expected that algorxthms ii,an'
be similarly adapted, which would be useful in problems such as part1t10n1ng
an RDB into components for convenient storage allocatlon, studylng connec-” :

tivity, characterizing clustering patterns, etc.

An immediate consequence of adopting a graph—theoretlcal model xs
that, being assimilated to nodes, the domain elements exist by themselves.n o
This is at variance with the original relatiomal model [1] where the.exxst—lg

ence of a domain element is conditional to its presence in some relation

fuple.

As usual, we shall admit that nodes can be created 1ndependently”:

and are not deleted even if all edges incident to them are. deleted'}a~node nﬁ,

can only be deleted by an explicit action. An edge, of course, can be deleted

either explicitly or if a node incident to it is deleted.



3— THE LINGUISTIC MODEL

The task here is to 1nter2ret ‘the abstract dlrected hypergraphsj

in order to attach meaning to them.

An RDB purports to be a descrlptlon of some mlnx*world._lt con—f
_s1sts of facts about the mlnleworld and such facts are expressed by usxng}

words assembled to form sentences.

So it is natural to assoc1ate words (or phrases) . to ‘node
s1mp1e sentences to edges of the directed hypergraphs. Always din complxance
to the first normal form requireément we do not use the full (recursLVe) de*
finition of . sentences, whereby a sentence constltuent associated w1th a node

mlght in turn contain a sentence.

It is usual to distinguish a surface and a deegftreatmentiffih’

linguistics, both of which are of interest here.

At the surface level the same fact many admit several paraphrases.

For example, take the domains
S# - suppliers .
P - parts’
J - projects
and the relation

ScS# xPxJ

which could be interpreted in any Qf_fhe foliowing equivalent ways, letting

%X E_S%ﬁ ¥ €P, z e J:
- X supplies y to z

~ y is supplied by x to z
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-~ z obtaiuns its supply of y from x

Although they express the same fact all these parapharases are
useful in that they bring in turn to the front the element from each of the
domains. This is convenient for expressing a simple query, e.g.: "which part
is supplied by x to 2z?" It is also convenient for the formation of complex

sentences (and complex queries) as the next example will illustrate.
For the example we introduce the following additional domains:
T - means of ﬁransportatibn
1 - local agents
A - geographical areas
and the additional relations:
RC L xSH x4
DcPxT
which mean (one paraphrase only is given):
. . *
R - "x represents y in z" where x € L, yeES#H, z € A
D - "x is delivered by y'" where x ¢ P, y € T.
The three relations therefore are expressible by simple sentences.

From them we may form complex sentences by coordination or by restrictive

relativization [ﬁ], an example of the latter being:

¥ The domain element brought to the front does not always become the subject
in a query, e.g. "in which area does x represent y?" for x €L, y € S# .
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"x represents y who supplies z which is delivered t
x €L, ye S#, zeP, we T

Note - that in each relative clause the domain element

restrlcted is brought to the front and 1s represented by;

and the syntactic categories of the elements also vary. By ontrasq,ﬁ_ff

'case grammars [7] provide a unlque way: of expre531ng a fact.

It is unfortunate that no consensus ex1sts aroun

thls paper we shall use part of a c1a551f1cat10n proposed in. [71

- agentive
= objective
dative

~ locative

T - - R Y
i

e
!

instrumental

semantlc networks [Q] with the prev1ously deflned representatlve'g

relatlons, and the other set after the generlc nouns (domalns) supplylng*th

case arguments of the verb. Our example in d1sp1ayed u51ng the abbrev1at1

Lntroduced before (Fig. 6).
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Figure 6: Schema semantic network

We shall also distinguish an 1nstances semantic network. A p0851blé

fragment of an instances semantic network correspondlng to the above schema 1s
given (Fig. 7).

Figure 7: Fragment of instances semantic network

N

In Fig. 7, in addition to showing a fragment of an 1nstances se—:~7

mantic network, we show part of the navigation [ﬁd} i.e. traversal that must;
be performed in order to answer the query:

"which agents represent some supplier that supplies some part
that is delivered by 'plane'?" ‘

Note how the adopted paraphrases determine a dlrectlon in the quer”'

which is inverted when proceeding towards. the answer. Even more complex querle

involving alternative or simultaneous restrictions, may -induce more

complex (acdyclic) subgraphs than the linear paths of the example above, quah‘

tification, as in the "some " of the example, must also be consldered.,
$ ple,
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The query above would be expressed in a compact way usm0 the rela—
tional calculus LS' Such format is unsultable for casual users, but the -
difficulty does not come from the mathematlcal notation alone, rendered into
English, the calculus expression would st111 look very much dlfferent from :
the initial query, by und01ng its nested scheme of succe551 e restrlé lon R
(given by the embedding of relat1ve clauses) and pr1nc1pally hy expre .

itself in terms of tuples and quantxflcatlon on tuples. The 1atter fe_tu

reflects again the tuple~or1ented rather than domaln—orlented approach

the original RDB model.

.On the other hand relat1onal calculus expresSLOns allow us ‘to

associate, in a query, domains that are not connected in the dxrected hyper—

graphs expre551ng the relatlons. Thls is done when such domalns are- homog

neous to each other, so. that thelr elements can be linked through the comr-lv
parison operators =, #F, >, <, 2, <* We 31mp1y note that these operators»
also express (blnary) relations whlch can be considered conceptually f'fas=;
part of the model, regardless of the correspondlng edges belng expllcitly

drawvn or not.

Now consider amother query on the same example: "which agents deal
with air companies?". A human being would promptly notice that this query - is
equivalent to one already encountered before' "which agents regresent . some

supplier that supplies some part that is dellvered by plane ?"

The shorter form of the query'cannot be directly'ansnered=bY'the"
automatic processor, because the deal relatlon is not mentloned in the data
base. So the processor should be able to translate it into the second form ,
and the choice of the strategy whereby the processor will do this is: an’ in-
dicator of how. far one proposes to go 1nto the realm of artificial 1nte111—’
gence. A rather simple but effective strategy is to allow the 1ntroduct10n ‘”

of definltlons [ll]; the deal relation would be defined in an obvious . way"

~%-In [17] we introduce the concept of classes, a class belng a set of domains
whose elements are comparable: through these operators.
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in terms of the represent, supply and be delivered relations. More complex

strategies involve the use of inference [ii], whereby, in a sense,  the.

processor itself would be led to compose the definition.
Again let us add another domain to our data base:
M - managers

and suppose that one wants to describe somehow the non-simple‘sentence "x

knows that 'y supplies z to w"', where x € M, Y € SH. z € P, weJ.

We said that complex sentences would only be formed through
coordination aul relativization, and the above sentence contalns a subordlnate
nominalized clause. First we show why this is not permltted 1n the mode] -

the instances representative graph illustrates the point (Flg. 8)

Figure 8: A forbidden configuration

Here, what is known is the entire subordinate clause rather than
one of its elements, as it happens whith relativization. the illegality of.
this construct can be seen under several points of view: it contains a re-
lation which is not in first normal form, it cannot be the representatxve »
graph of any of our directed hypergraphs, one case argument ‘of the know re-

lation is a sentence.
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One would argue that the need to cope with such

that Codd s fxrst normal form is too restrrctlve. However,‘

great simplicity which comes from 1ts adoptlon warrants the ef or 'to

come the d1ff1cu1t1es that it may ra1se, ‘which is what we‘dklf

for the partlcular problem JuSt mentroned.

We allow ourselves to assign 1abels to_senteng.

1abels 1n lieu of the sentences as case arguments. So, we ca

decomp051tlon into two s1mp1e sentences' "vi supglxes z,ﬁo

knows v''; or, in omne complex sentences "x knows the fact (v)ithat

z to W' (Flg. 9)

Figure 9: Using labelled seﬁteh¢e$

Note that we had to introduce a domain of,sgﬁtgncg'(qg;g:

and a sentence label case (£).

e

A different problem has to do with the notlonvof'eharécter stics

address of a supplier, the colour of a part, the quantlty of a par

to a project, etc.

or less essent1a1 nature of the obJects, characterrstlcs pose a p:
connectlon with case grammars: not only actlons but also states,'
etc. must be considered in an RDB, and in such 51tuat10ns should

or verb phrase be thought to dominate the sentence (e g. 1s coloured)?

for. the almost open-ended ‘classlf1cat;ons of categorles such as a_\erbl
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should we accordingly allow a proliferation of cases? (cf. Fillmore's

"modality" [7]).
The recognition of characteristics as a special type of relation

is found for example in [13]. Altﬁough seeing'the merits of this approach,.

we still prefer to treat all relations uniformly.
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4~ THE ACCESS MODEL

In this section the representatlon of the dLrected hype«g;aphs'>

w111 be- dlscussed in ~terms of logical data structures adequate for Lomputer

processing.

Graph representations can be extended in natural ways for repre~

sentlng hypergraphs. In [4] the incidence matrix of a l,pergraph is 1ntro~'
yperg

duced, The adjacency matrix of a‘hypergraph H of rank n with m nodes is an

mXmX ... Xxm (n times) array'A,_where A(i1’i2""’ ) =1 if the set

of nodes ii’iz""’i is an edge of H, otherwise A(1 ,12,...,1 ) = 0

For relatively sparse graphs the adJacency 11st [}4] is partlcu-

larly covenient. It consists of a one*dlmen31ona1 po1nter array'where each
entry corresponds to a node. For each node v, the corresponding pointer ,,'

leadsvto.the list of nodes adjacent to v (Fig. 10).

N T W N e
TN [ e |
CfeTEIFE o

Figure 10: Adacency list of a graph

Note that each list - cell contains two fields: one to store the
node whlch together with v forms an edge, and a pointer to another node, lft
any, also formlng an edge with v. For a hypergraph of rank n the list-cells
will have n fields: the other n-1 nodes in an edge plus the p01nter f1e1d
‘besides, the same edge requires the presence of n such cells, each cell
attached to the list of each node involved. Hence, for a hypergraph w1th m ﬁj
nodes and % edges the ‘total numberbof'fields is |

m+ 2 . n?
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Another format for the adjacency list is possible. A two~dimen-
sional array with n columns and & rows is added:; each row contains n
pointers to the nodes which form an edge. With this, two-field list-cells
. are sufficient: the first field points to the appropriate row in the edge
array, while the second field leads to another list-—cell as before. The

total number of fields is
m+ 2.2.0+ &n=m+ 3.%.n
This second format, which is patently uneconomical for graphs, 1is

suitable for hypergraphs of higher rank, the break-even point with the first

format being clearly n=3. An example is given below (Fig. 11).

=
| r—a] | 2 1213
i a0 ] bv|3 |4l
] B [e] | ci 4156
—Ip ][] ‘edge array
]

node array
and lists

®

(0 (o ©

Figure 11: Adacency 1ist of a hypergraph

oo W N

The order of appearance of the nodes of an edge in the adge array
is immaterial if we are representing undirected hypergraphs. For directed
hypergraphs the column order matters, and also the lists for the occurrence
of a node in edges where the node plays different roles should be separated
Besides, if the set of nodes is many-sorted, separate node arrays must be
used for each domain. If there is more than one directed hypergraph (more
than one relation) an equal number of edge arrays must be used. These are the

extensions required by the full generality of RDBs.
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Its is interesting to ?°Fe,thé§ in\the,currentiﬂ

nology

- the edge array is the relatlon table, which. is

data structure in the or1g1na1 relat10na1 mod‘

- if the edge array is stored colummn - wise it is called

collection of'(totaily) traneposed files;

—~ the lists constitute inverted files;

- ok
the node arrays are data pools.

!

The adjacency list data structure is redundaﬁt

: u31ng the node arrxay plus lists exc1u31ve1y (1n this eve‘

‘ F1g. 11 would cease to be pointers to rows of an edge array,

distinct "names" for edges; note that if the 1lsts of nodes 3 &, 5 for'example,

are intersected the common name b is found, 1nd1cat1ng that there'

“incident to the three nodes) .

a capablllty that is dlrectly relevant to the present dlscus31on

efflclent two-way access between nodes and edges (or equlvalently domaln ele— :

ments and tuples, words and sentences)

The question of which nodes are incident to a glven edge can: b

~efficiently answered using the edge tables, whereas the node arrays plus llsts
are convenient for determining whtch edges are incident to a glven inbde.y

Recall how in section 3 the need for alternate nav1gat10n between nodes and

* For s1mp11c1ty we have been omlttlng the array of the actual elements(values)
from the domains, which exists "in parallel” with the pointer arrays.
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edges was suggested (see Fig. 7).

) * . - .
The full adjacency list also enhances the original relational

model in approximately the same way as the network model enhances the

hierarchical one [15]: as in the trees of the hierarchical model a domain
element may be repeated several times, the same happens in the original re-
lational model where a domain element may be repeated in several tuples.

Both in networks and in the adjacenmcy lists 2 domain element is represented
only once; in the adjacency list it is represented in the node array, whereas
the edge table simply contains pointers, in the rows corresponding to  the
appropriate edges, to this unique occurrence. The unique representatihn
feature is particularly useful from the point of view of consistency and

integrity requirements.

We find that the present approach distinguishes data basus still
further from the conventional file systems, where the unit of information is
the "record” with multiple items, which often mirrors the card lay~-cut of
the initial input. It would appear that the tuple — oriented approach still

conforms to the record - oriented organizations.

At the access level the benefits of first normal form are readily
perceived. The entries in the edge arrays are always single pointers to

single domain elements in the node arrays.

Another consequence, is that the representativé graph is, in the’
CODASYL terminology Eﬁl, a simple plex. To clarify this notion, we shall
draw again the schema representative graph of Fig. 6, upside down aud with

single or double arrowheads, where

- a single arrowhead pointing from a node of type o to a node of
type B indicates that there can be only one jinstance node of

type B for each instance node of type @;

# In practice this structure must be further enhanced by the use of ﬂirectorles
for storing schema information.
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~ a double arrowhead p01nt1ng from a node of type G to a node
of type B indicates that there can be several 1nstance xodes_

of type B for each instance. node of type o (Flg. 12)

Figure 12: A Schema representative graph as a simple plex

The fact that in one direction a11 arrowheads are sxngle charge
terizes slmple plexes, which alone can be implemented dlrectly in the CODASYL
proposed system via the set organization. For each connection in the schema
a set w0u1d be defined, having owners of some domain record type, “and members
of some relation record type (e.g. one set has owner records S## and member

records S).

In addition, for allowing access within each domain and each re- -
lation, every one of these record types determines sets whose members are

their instances and whose owner is always the system.

We do not intend to propose this CODASYL - style 1mp1ementat10n
for adjacency lists as the best one available, but simply to show a further_
p01nt of contact between the relational and network models as a matter of

theoretical interest.
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5- NORMALIZATION

Codd has also proposed two further normalization steps, leading

to the second and third normal forms [5].

This further normalization has to do w1th the cho1ce of the

primitive relatioms, i.e. with the design decision of what relat1onswhou1d

be directly implemented in the RDB (other relations should be derivable

from these).

The discussion of normalization will be used here for reviewing

some ~implications of our approach.

The concept of functional dependence is the basis for normaliza-

tion. A set of domains B is functionally dependent on 2 set of domains A in
a relation R if, at every instant of time, each combination of domain. '
elements from A is associated with only one combination from B. For example,
in an academic RDB, a relation associating rooms, time, and courses. exhlblts
a functional dependence of courses on the set of the two domains rooms‘and

time, because only one course can be lectured in a given room at a given time.

A set A of domains on which the set of all the other dasains in

a relation R depend is called a key.

Since second pormal form is simply a pre11m1nary step towards the

third, we shall proceed to the definition of the latter [}6}

- A relation R is jn third normal form if it is in first normal
form and, for every domain collection C of R, if any domain
not in C is functionally dependent on C, then all domains in

R are functionally dependent on c.

Consider a relation with the meaning: "employee X works ~ in.
worxs

department y under chairman z". The relation is not in third notmal.form

because given the department its chairman is determined, but the other

domain - employees — is mnot dependent on departments (a department can have
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several employees).

may wish to assert, cancel, or update one of the two or mor
in a 51ng1e relation, which causes the so*called 1nsert10n,“

update anomalles. in the original EEEEE relatlon 1f a- chalrma
to a department but the department st111 has no employees wevcan;
the a551gnment since the pattern of that relatlon 1nc1udes employee
‘employees, but’ not the chalrman, are transferredto another departmen
information that the chairman is st111 asslgned to the department i
‘for the same reason; flnally, if the chalrman of a department 18 re
~all the tuples referrlng to employees working in. the department have
updated (several updates caused by a s1ngle event) Av01d1ng "

vls the .reason for splitting the orlglnal relatlon.

Turning to Qut model, we can make the’fo}lqwing,rematks;

a. At the abstract level. The notlon of a set of domalns

a key in a relation R is translatable in terms of the J—degree of a
nodes S. Let each ] in J = (JI,J ,.;.,]k) designate a domaln, and
the entire J de51gnate a set of domains A. If for all comblnatlons S
the J-degree is equal to one then A is a key in R. Slmllarly, functi

dependence and third normal form can be ea511y deflned

example. Thls reinforces the point that-these questlons should be co
at a deep semantic (linguistic)’ level [11] given a Iact we must see

can be further decomposed into more basic facts (thls is done in [ié]

attalnlng mechanical "understandlng" and allowxng certain klnds of 1uferenc
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The question now becomes: how deeply should we go in this analytical process?

¢. At the access level. As long as we do not consider a computer

implementation, no 'cost" is incurred when we continue towards finer decom-
positions. At the access level, however, one realizes that having a larger
number of relations means to have a larger number of arrays, and to fragment
the information to a point where an extensive reconstruction will have to take

‘place for answering almost any common query.

So we see that at the abstract level we can characterize»the-’i
normalization precisely, and therefore could determine what relations should
be decomposed. However it is better to postpone the decision and try to deter-
mine, at the linguistic level, which are the basic single facts; iisdeed  we
learn that, to an extent, as we decoumpose a deeber understanding is achieved.
At the access level the cost of such decomposition is estaﬁlished and thus,fhe

desirability of a compromise is realized.

We feel that the compromise should be determined .by_pragmatic :
criteria. Except if we wish to have the capabilities of an artificial,intei*
ligence system [}2,13] it is not difficult, by surveying the habits of the
intended users, to find which are considered to be the basic facts;'also,'
since the anomalies are the main immediate motive for decomposition,'ﬁe may
invert the problem and decide to decompose only if anomalies are 1ike1y_‘ to

occur in real practice.

As a rather extreme case, consider the following relation: "employee .
x worked in department y under chairman z in the year w". This is Y"historical"

information and, as such, not subject to modifications; hence no anomalies wit:

ever arise.

More generally, if a basic fact can be asserted, negated, or updated’

independently, then it should constitute a separate relation.

Apart from these consideratioms, the minimum extent of decomposition
in our model comes from the requirement that primitive relations be expressible

as simple sentences (which might be termed s-normal form), and that derived
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relations be expressible as complex sentences formed by coprdination:“and

restrictive relativization only,

6. CONCLUSION

The models described prov1de three 1nterconnected approaches to.

RDBs. We suggest that they must be con31dered together when de31gn1ng a

relatlonal data base system.

One such system is the aim of project HYADES. Until the ﬁ?”eeqt
stage, the logical data structure‘[}i} and part of the phy{ieal sterage¢ﬁ'

orgénization [18] have been defined.
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