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Abstract

The paper proposes to extend the classical relational data model by the notion of preference realized
through a partial ordering on the set of relation instances. This extension involves not only data represen-
tation but also data manipulation. As the theory of the majority of query languages for the relational model
is based on the relational algebra and because of its fundamental nature, the algebra can be regarded as
a basic measure of expressive power for database languages in general. To reach this expressive power
in the proposed — semantically reacher — extended relational data model, the relational algebra operators
need to be generalized. Simultaneously, it is desirable to preserve their usual properties. To sum up, the
proposed extension of the relational model should be as minimal as possible, in the sense that the formal
basis of the relational model is preserved. At the same time, the extended model should be fundamental
enough to provide a sound basis for the investigation of new possible applications.

1. Introduction

Preference modelling is used in a great variety of fields. The purpose of this article is to present fundamental
ideas of preference modelling in the framework of relational data model.

In this section, a brief overview of related research work and fundamentals of the proposed, extended re-
lational model are presented. In the second section, the notion of preference and methods of its realization
through ordering is introduced. In particular, order representation through (P, I) preference structure on
attribute domains and ordering on instances of a given relation are explored. The third section discusses an
effective implementation method through a generalized Hasse diagram notation. The last section summari-
zes the solutions pursued and the the approach potential.

1.1. Related Research Work

Recent work in Al and related fields has led to new types of preference models and new problems for
applying preference structures.

Preference modelling fundamental notions as well as some recent results present Oztiirk et al. [6]. The
authors discuss different reasons for constructing a model of preference and number of issues that influence
the construction of preference models. Information used when such models are established is analyzed, and
different sources and types of uncertainty are introduced. Also, different formalisms, such as classical and
nonclassical logics, and fuzzy sets, that can be used in order to establish a preference model are discussed,
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and different types of preference structures reflecting the behavior of a decision maker: classical, extended
and valued ones, are presented. The concepts of thresholds and minimal representation are also introduced.
Finally, the concept of deontic logic (logic of preference) and other formalisms associated with “compact
representation of preferences”, introduced for special purposes, are explored.

As ordering is inherent to the underlying data structure in database applications, Ng [5] proposes to extend
the relational data model to incorporate partial orderings into data domains. Within the extended model,
the partially ordered relational algebra (the PORA) is defined by allowing the ordering predicate to be
used in formulae of the selection operator. The development of Ordered SQL (OSQL) as a query language
for ordered databases is justified. Also, ordered functional dependencies (OFDs) on ordered databases are
studied.

Nedbal [4] allows actual values of an arbitrary attribute to be partially ordered. Accordingly, relational
algebra operators, aggregation functions, and arithmetic are redefined. Thus, on one side, the expressive
power of the classical relational model is preserved, and, at the same time, as the new operators operate
on and return ordered relations, information of preference, which is represented by a partial ordering, can
be handled. Nevertheless, the redefinition of the relational operators causes loss of some of their common
properties. For instance, A = A\ (A \ B) does not hold. To rectify this weak point, more general concept
is needed.

1.2. Extended Relational Data Model

The model proposed is a generalization of the one introduced in [4]. It extends the classical relational
model both on the data representation and data manipulation levels. On the data representation level, the
extension is based on incorporating an ordering into the set .# (R) of all possible instances R* of a relation
R. Consequently, on the data manipulation level, the operators of relational algebra need to be generalized to
enable handling the new information represented by the ordering. Considering the minimal set of relational
algebra operators, at least, five operators: union, difference, cartesian product, selection, and projection,
need to be generalized.

2. Preference on a Relation

Let us start with the following illustrative and motivating example introduced in [4]]:

Example 1 (Partially ordered domain) How could we express our intention to find employees if we pre-
fer those who speak English to those who speak German, who are preferred to those speaking any other
germanic language? At the same time, we may similarly have preference for Spanish or French speaking
employees to those speaking any other romanic language. To sum up, we have the following preferences:

A. Germanic languages: .
B. Romanic languages:

1. English,

1. Spanish of French,
2. German,

) 2. other romanic languages.
3. other germanic languages.

These preferences can be formalized by an ordering, in a general case by a partial ordering on equi-
valence classes. The situation is depicted in the following figure. The relation R (NAME, POSITION,
LANGUAGE) of employees is represented by a table and the above preferences by means of the standard
Hasse diagram notation.

Marie is preferred to David as she speaks English and David speaks “just” German. Analogically, Patrik
is preferred to Andrea due to his knowledge of French. However, Patrik and David, for instance, are “in-
comparable” as we have expressed no preference order between German and French. Similarly, Roman is
“incomparable” to any other employee as Russian is in the preference relation with no other language. [
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Dominik President English

Marie Manager English

Dominik
German -
Marie

David Manager

Petr Manager Swedish
Adam Manager German

Filip Programmer Dutch ><
Martina | Programmer David Rudolf Andrea
Patrik Programmer S

Rudolf | Programmer Italian

Ronald | Programmer Filip Petr

Andrea | Programmer Portuguese

Roman | Programmer Russian

Figure 1: Partially ordered relation

Remark 1 The ordering representing the preference from the above example can be formally described by
means of (P, I) preference structure ([6]).

Definition 1 (Preference Structure) A preference structure is a collection of binary relations defined on
the set A and such that for each couple a, b € A exactly one relation is satisfied

Definition 2 ((P, I) preference structure) A (P, I) preference structure on the set A is a pair (P, I) of
relations on A such that:

e P is asymmetric,

e [ is reflexive, symmetric.

Remark 2 Any instance, R*, of arbitrary relation, R, with an ordering, jR*, represented by a (P, I') pre-
ference structure, <% = P U Apg, determines, through a mapping P:

{[A; =] A is arbitrary set} — Z2(T1(A)),

a set,
P(R*; =<™)) = {RF*|t; <7 t; = pr(th) < ur(t)},

J
of fuzzy instances, RF*, (of R) whose tuples,
tzF = (ala ) anvMR(tiF))v

have membership degrees, 1r(tf") € (0; 1), consistent with the ordering <", i.e.

t: 27ty = pr(t]) < pr(t]) O
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Consider a classical unary relational operator,
0:9(R)— J(Q),

operating on the set, . (R), of all possible instances, R*, of a relation R. Despite each R* being assigned a
preference, jR*, the operator, O, returns an instance, Q*, of a resulting relation, (), ignoring the ordering
<R

O:{[R="]| R € J(R)} — #(Q)

Therefore we would like the operator, O, to be generalized so that its result contains ordering, based on the
ordering, <%", of the corresponding operand R*:

Oc {[R*; =" | R € #(R)} — {[Qc; 291 ... [Qa; 9]}

Specifically, we would like the generalized operator, O, to be consistent with respect to remark 2} i.e. to
return a result, Og ([R*; <77]) = [Qg; <¥¢], that determines a set,

P([Qa; =29 = {Ox(R™) | R™ € PR =)},

containing all the fuzzy instances, Qf* = Ox(R*), we obtain if we employ a fuzzy propositional calculi
equivalent, O, of the operator O to fuzzy instances RF* ¢ P([R*; jR*]). Moreover, this consistence
should be independent of a t-norm related to the fuzzy propositional calculi, F, employed. Observe that
Qg is generally a set Qg C Z(Q). In brief, we are looking for such a generalized operator, O, that the
mapping P is a homomorphism from algebra

({[r: =TT R" € #(R)} U{[Qc: 29°] | Qe € F(Q)}: Oc)
into algebra
(FF(R)UIr(Q); OF)
for any t-norm.

Intuition suggests considering tuples according to their preferences. That is to say, we always take into
account the more preferred tuples ahead of those with lower preference. In addition, the other tuples that
are explicitly not preferred less should also be taken into consideration. To sum up, with each tuple, ¢;, we
take into account a set, .S, containing this tuple and all the tuples with higher preference:

Sy, ={t|te R A t; <F t}

Then the relational operator, O, is applied to all the elements, Sj, of S = {S; = Uy, er; St,
Finally, the order, <%¢c on the set

R; C R*}.
{O(S))IS; € S} € 7(Q)
is to be determined.

Example 2 Consider a set {{O(S;); Si]|S; € S} C #(Q) with a relation, C, implied by preference, <,
on R* through the inclusion relation on S:

[0(8:); Si] T [O(S;); S5] < S; € S

‘ .

David,
Patrik

David,
Adam, Patrik

Figure 2: Projection {[O(S;); S;; C]|S; € S} on {[O(S;); C]|S; € S}
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Notice that O generally is not an injection. In other words, O(S;) = O(S;) for some S; # S;. In particular,
O(S;) = O(S;) = Petr and O(S) = O(S;) = O(Sy,) = David. To get an ordering, we need to resolve
the duplicities:

e Firstly, as the occurrences of “Petr” are in the relation C, we drop the less “preferred” one.

e In the case of the triplet of occurrences of “David”, we are unable to determine the one with the
highest “preference”. Nevertheless, notice that:

— The set {Marie, David} is preferred to any of the occurrences of “David”. In other words,
whichever the most preferred occurrence of “David” is, it is less preferred then the set
{Marie, David}.

— There is a unique occurrence of “Filip”, for which we can find an occurrence of “David” with
a higher preference. In other words, whichever the most preferred occurrence of “David” is,
it is preferred more then the occurrence of “Filip”. The same rationale applies for the sets
{David, Adam, Patrik} and {David, Patrik}.

Thus, we get the resulting order, depicted in the following figure:

r—{ pavid| |

David, Fili David,
Adam, Patrik P Patrik

Figure 3: Ordering <%¢ on {O(S;)|S; € S} € 7(Q)

To sum up, the order <?¢ on the set {O(S;) | S; € S} C #(Q) is defined as follows:
O(8;) =99 O(8;) & (VSk € S)([0(Sk) = O(S;)] = (31 € 9)[O(S1) = O(S;) A Sk 2 S)

Approaching in this way a binary relational operator,
0:J(R) x J(R) — .7(Q),
applied to a couple of relations, R, R/, we get a set
{O(S:,8) | (5:,8) € S x 8"} € 7(Q)
and the order <¥¢ definition:
O(S;, 8;) 29¢ 0(8;,5]) &

(S, ) € S x S'1([O(Sm, S) = O(Sy, Sp)] =
3(Sn, 5,) € S x S|[OS, S1) = O(S5;,5;) ASm 2 Su A Sl D 5L))

What are the consequences of this approach? Generally
O(8;) 29 0(8;) = O(8i) 2 O(S;)

does not hold. With respect to the relational property of closure, it is clear that the concept of defining
preference through a (P, I) preference structure needs to be generalized.
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In fact, we need to express the preference structure on powerset .# (R) of all possible instances R* of a
relation R. This structure can be viewed through the model-theoretic approach as disjunction of conjuncts,
where each conjunct, corresponding to an instance R* of a relation R, has a given preference.

If we go further on in generalizing this structure, we get a preference structure on powerset .# (DB) of
all instances of a given database D B. It can be shown that such a structure generalizes the so-called sure
component of M-table data structure (see Appendix) introduced by [2]].

3. Sketch of Implementation

An important task to solve is the implementation of the proposed relational model. The so-called generalized
Hasse diagram notation is suggested.

Example 3 Consider a set S = {a, b, ¢,d} and its powerset, &(.5), with an order, <209, represented by
means of the standard Hasse diagram notation. The order on the powerset, &(SS), can be represented as a
relation R on .S by means of the generalized Hasse diagram notation. There is one-to-one mapping between
these two representations.

The generalization is based on the occurrences of “negative” elements, i.e. elements with a dash in front
of them. Going through the diagram arrow-wise, they cancel a precedent occurrence of their “positive”
equivalents (see figured)). Moreover, all the elements depicted in the diagram are preferred to those that are
absent in the diagram.

{a} a
O\ / \
{a, b} {a,c} b c

N NS

{b,c}
| |

{c,d} -b,d
{a,c,d} a
(a) Relation <2°(5) on 2 (S) (b) Relation R on S

Figure 4: Standard and generalized Hasse diagram notation

Employing the generalized Hasse diagram notation, it is possible to develop effective algorithms for pro-
posed, generalized relational algebra operations. Their description, however, is beyond the scope of this
article. Their complexity is studied.

4. Conclusion

Methods of preference realization through (P, I) preference structure on attribute domains and through
ordering on instances of a given relation have been discussed. Using the second approach, it has been
proposed generalizing relational algebra operators in compliance with intuition. Also, a relationship of the
proposed model with M-table data structure has been mentioned. Finally, the generalized Hasse diagram
notation has been introduced as a means of effective implementation of the proposed model.

The proposed generalization of relational operators is necessary for a user of DBMS to be able to handle
new information represented by preference. In the same way, the aggregation functions and arithmetics can
be generalized.
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It is possible to show that associativity and commutativity of the original union, product, restrict, and project
operators are retained. Specifically for the generalized restrict operator, the following equivalences, which
hold for the classical restrict operator, are retained:

R(p1Vp2) = R(p1) U R(p2)
R(p1 A 2) R(p1) N R(p2)
R(-¢) = R\ R(p)

Using the proposed approach, other relational operators (intersect, join, and divide), also, retain the usual
properties of their classical relational counterparts:

RNS = R\(R\S)
R+S R[A - B]\ ((R[A - B] x S)\ R)[A — B]
RS = (Rx8)(p)[A]

With respect to retaining of the above properties and equivalencies, we can conclude that the expressive
power of the ordinary relational data model is maintained, and, at the same time, as the new operators
operate on and return ordered relations, new information of preference represented by an ordering can be
handled. This results in the ability to retrieve more accurate data|]

Appendix
Definition 3 (M-table) An M-table scheme, M R, is a finite list of relation schemes (Ry,..., Rg), k > 1,
where k is referred to as the order of the M-table. An M-table over the M-table scheme, M R =

(Ra,...,Rg),isapair T = (Tsyre, Tnaybe) Where

Tmaybe S {(Tl,. .. ,rk) | (VZ)[l <i<k= r; € f(RZ)}},

Remark 3 We can associate k predicate symbols, Rl, o ,Rk, with an M-table of order k. An M-table
consists of two components.

e Sure component, which consists of mixed tuple sets, whose elements

{{t1, - tn bt 3

represent definite and indefinite kind of information and correspond to the following logical formula

[Ri(t}) V... VRt )]V .oV [Re(t) V...V Ri(th )]
That is, the sure component can be viewed as a conjunction of disjunctive formulas.

e Maybe component, which consists of maybe tuples, representing uncertain information. They may or
may not correspond to the truth of the real world. Some of them may have appeared in the past in
mixed tuple sets and there is more reason to expect them to be the truth of the real world than others
that have not been mentioned anywhere.

To my best knowledge, there is no similar study described in the literature.
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List of Symbols
P(A)  powerset of A,
MN(R*) {R} | R} is afuzzy subset of R*},
7 (R) set of all possible instances, R*, of a relation R,

Jr(R)  setof all possible fuzzy instances, R'™*, of a relation R,

Ar {(t,¢)]t € R}
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