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Abstract In recent years, there has been an increasing interest lingleath user
preferences in flexible database querying, expressingdmsitive and negative in-
formation in a heterogeneous way. This is what is usuallgrrefl to as bipolar
database querying. Different frameworks have been intteduo deal with such
bipolarity. In this chapter, an overview of two approachegiven. The first ap-
proach is based on mandatory and desired requirementsyHie complement of
a mandatory requirement can be considered as a specificditidmt is not desired
at all. So, mandatory requirements indirectly contribotedgative information (ex-
pressing what the user does not want to retrieve), wheresaedeequirements can
be seen as positive information (expressing what the usdensrto retrieve). The
second approach is directly based on positive requiren{ertgessing what the
user wants to retrieve), and negative requirements (esimgsvhat the user does
not want to retrieve). Both approaches use pairs of satisfadegrees as the under-
lying framework but have different semantics, and thus different operators for
criteria evaluation, ranking, aggregation, etc.
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1 Introduction

In daily life, it can be observed that people, whilst comneating their preferences,
tend to use vague or fuzzy terms in expressing their dedivégpical example is
a recruitment office that, e.g., is searching youngpeople with ahigh score in
math. A lot of research has been done to translate this fieza' to the domain
of database querying, resulting in ‘fuzzy’ querying of riegudatabases, where the
queries are composed of several ‘fuzzy’ query conditiom&rconnected by logi-
cal connectives. Indeed, the main lines of research in tieig imclude the study of
modeling linguistic terms (like, e.gyoungor high) in the specification of elemen-
tary query conditions using elements of fuzzy logic [38] @hd enhancement of
fuzzy query formalism with soft aggregation operators 23,6, 15]. Both linguis-
tic terms and soft aggregations model user’s preferendesnid, as such, require
a query satisfaction modeling framework that supports 4@mlering the records
retrieved in response to a query according to the degree tchwhey satisfy all
conditions imposed by the query. Usually, query satisfecin ‘fuzzy’ querying of
regular databases is modelled by associatisatafaction degreewith each record
in the answer set of the query. These satisfaction degrkes#dues in the unit in-
terval|0, 1] and are computed during query processing. The value 0 meamsdete
lack of satisfaction and implies that the associated redoes not belong to the
query’s answer set. The value 1 expresses full satisfgatibite all other, interme-
diate, values denote partial query satisfaction. Recolitls avsatisfaction degree
s that is lower than a given threshold valde i.e., for whichs < J, are usually
discarded from the query answer set.

A more advanced aspect of specifying user preferences abds¢ queries con-
cerns the handling obipolarity. Bipolarity hereby refers to the fact that users
might distinguish between positive and negative aspectsgtween constraints and
wishes) while specifying their query preferences. Pasistatements may be used
to express what is possible, satisfactory, permitted rei@sir acceptable, whereas
negative statements may express what is impossible, afatiry, not permitted,
rejected, undesired or unacceptable. Likewise, conssraipress what is accepted,
whereas wishes are used to specify which of the accepteds/ahe really desired
by the user. Bipolarity is inherent to human communicatiod aatural language
and should hence be reflected and dealt with in any queryisgisythat aims to
support human interaction as adequate as possible.

For example, consider the specification of user prefereimcte context of se-
lecting a car, more specifically concerning the color of a Agrositive statement is
‘ like black or dark blue cars’, while ‘I do not want a whitert#s a negative state-
ment. In terms of constraints and desires, similar prefesemight be expressed
by ‘I want a dark colored car’ and ‘if possible, | really prefeblack or dark blue
car'. Remark that often, negative conditions might be tietesd to constraints, while
positive conditions might be seen as wishes.

Depending on the situation, it may be more natural for a userse negative
conditions or positive conditions. Sometimes one can utiefusitive and negative
conditions at the same time. This is especially the caseeifuer does not have
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complete knowledge of the domain on which the criterion iscéfed, or if this
domain is too large to completely specify the user’s prafees for every value in
the domain, as can for example be the case with availableotansc

In standard approaches to regular ‘fuzzy’ querying it isliety assumed that
a record that satisfies a query condition to a degrex the same time dissatisfies
it, i.e., satisfies its negation, to a degree & This assumption does not generally
hold when dealing with bipolar query criteria specificai@s positive and negative
conditions comprising a query are assumed to be independentmay assume
any value from the interval [0,1]. In such situationshafterogeneous bipolaritya
semantically richer query satisfaction modeling approadtfich is more consistent
with human reasoning and is able to model this bipolaritpreferred.

In this chapter, two such approaches to bipolar databasgiggeare discussed.
On the one hand, theonstraint-wish(or mandatory-desired) approach will be
presented, used amongst others by Dubois and Prade [16,nli7Basc et al.
[10, 26, 27, 29, 39], and on the other hand, saisfied-dissatisfie(or positive-
negative) approach will be discussed, used amongst otigefadrazny et al. [47]
and De Te et al. [13, 30, 33]. For both approaches, an overview isygiwhich con-
secutively handles the semantics of the actual framewbeketaluation of query
conditions within this framework, the ranking of query riks@and the aggregation
of compound query conditions.

The remainder of this chapter has been organised as folfowfts:some prelim-
inaries on bipolar query conditions will be presented intf®ac2, explaining the
two approaches that will be discussed in this chapter in rdetail, together with
their semantics. The next Section 3 discusses the rankitigeaesults of a bipolar
query. Next, in Section 4, different techniques to aggregia¢ results of multiple
query conditions are presented. Finally, Section 5 state®sonclusions.

2 Bipolar Query Conditions

Pioneering work in the area of heterogeneous bipolar dagafaerying has been
done in [25], which seems to be the first approach where andigin has been made
between mandatory query conditions and desired query tonsli As mentioned
earlier, desired and mandatory conditions can be viewegesfging positive and
negative information, respectively. Indeed, the opposfta mandatory condition
specifies what must be rejected and thus what is considereeirag negative with
respect to the query result, whereas desired conditiortéfgpehat is considered as
being positive.

Later on, this idea has been further developed and adapteslused in ‘fuzzy’
querying techniques. The use of the twofold fuzzy sets (B8 present a bipolar
elementary query condition with respect to a given attaldiis reported, e.g., in
[16, 17]. A twofold fuzzy set expresses which domain valuesaccepted by the
user and which among these accepted values are really diésiteer or him. An
alternative approach, based on the concept of an Atanaisgoitionistic) fuzzy set
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(AFS) and departing from the specification of which valuesdesired and which
values are undesired, is presented in [12, 30]. Both appesatave in common that
they deal with bipolarity that is specifiddside elementary query conditions, i.e.,
in the domain of an attribute three subsets, in general fumzydistinguished: of
positively, negatively and neutrally evaluated elements.

Other approaches study bipolarity that is specitietiveenelementary query
conditions, meaning that these conditions are assignéetelit semantics. In par-
ticular, a distinction can be made between mandatory aricedesuery conditions.
These conditions can still contain vague terms modelledibyyf sets as in regular
‘fuzzy’ querying [38, 22, 5, 7, 21, 4, 46]. For example, in [48 approach is pre-
sented where bipolar queries are represented as a spesgalfaae fuzzy ‘winnow’
operator. Bipolarity is thus studied considering queriéh wreferences as in [25].
An alternative assumption that can be made, is considetirgeg that consist of a
number of ‘positive’ and ‘negative’ elementary conditiqa8, 33].

In this chapter, only bipolarity that is specifiéaside elementary query con-
ditions will be considered. In the following subsectionsptapproaches will be
discussed in more detail: tlenstraint-wishand thesatisfied-dissatisfiedpproach.

2.1 Constraint-Wish Approach

Consider a universe of discoursecorresponding to the domain of an attribute in
question. In theonstraint-wishapproach (referred to elsewhere in this volume also
as ‘required-desired semantics’), the bipolar query domdconsists of two parts: a
constraintC, which describes the set of acceptable valués,&nd a wistW, which
defines the set of wished-for (or desired) valuell ofn general, the constraint and
the wish are specified using fuzzy s&sandW, defined orJ [44], identified by
their respective membership functiopg and . Because it is not coherent to
wish something that is rejected (where the rejected valuesepresented by the
complement of the fuzzy s&), a consistency condition is imposed. Two forms of
consistency conditions may be considered:

e Strong consistengy
VxeU: tc(x) <1= puw(x)=0. (1)

In this case, the support of the wist is required to be a subset of the core of
the constrain€, which means that the wish can play any role in evaluating onl
those records which fully satisfy the constraint. The péiiuazy setsC andw
then form awofold fuzzy setl1].
e Weak consistency
vxeU : pw(¥) < pie(x). ®)

In this case, the wish is required to be more specific than dmstcaint what
represents the fact that it is harder to satisfy a wish thaatisfy a constraint, but
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the wish can also play a role in evaluating the records whichat fully satisfy
the constraint. The pair of fuzzy s&sandW then form an interval-valued fuzzy
set (IVFS) [20, 36, 45, 19].

Because a twofold fuzzy set is formally a special case of tamal-valued fuzzy
set, the bipolar query condition can in both cases be matibifeneans of an IVFS,
which is defined by

F = {0 [1r, 09, ke (D) (x € U) A (0 < pir, (X) < pe(X) < 1)} ®3)

Thus, a bipolar query condition is modelled by means of an9Wwhere the up-
per membership functiopr+ models the constraint, i.elg+ = e, and the lower
membership functiope, models the wish, i.eyr, = .

An important feature of this semantics is that the wish plsgmehow a sec-
ondary role in the query. A bipolar query condition in the saint-wish approach
should be interpreted asdtisfy C and, if possible, satisfy"\N.6].

Summarising, in this approach the evaluation of a re€oadainst an elementary
bipolar query conditionA IS F’ with F composed of a couplec, W) of fuzzy sets
C andW results in a pair of satisfaction degre@$R),w(R)) € [0,1]? such that

¢(R) = Hc(RIA]) (4)
W(R) = pw(RA) ()

whereR[A] denotes the value of recoRifor attributeA.

2.2 Satisfied-Dissatisfied Approach

In the satisfied-dissatisfiedpproach, the bipolar query condition also consists of
two parts. One part specifies the values of an attriButéhich are positively eval-
uated by the user with respect to her or his preferencesraelendentlyanother
part specifies the values férwhich are negatively evaluated by the user. A pair of
fuzzy setsF+ andF —, expressing the respective parts of the query condition may
be treated as a bipolar extension to the concept of fuzzyAtmtassov (intuitionis-

tic) Fuzzy Set$AFSs) [1] are an example of such an extension. An AF8ver a
universeld is formally defined by

F = {0 ke (0, Ve ()| (x € U) A (0 < e (%) + Ve () < 1)} (6)

wherepyr : U — [0,1] andvg : U — [0,1] are respectively called the membership
and non-membership degree functions and Or (X) + Ve (x) < 1, ¥x € U reflects
the consistency condition of the AFS. In the context of dasatquerying, this con-
sistency condition can be interpreted as stating that tigeedeof non-preference
Ve (X) for a given valuex can never be larger than the complement g (x) of the
degree of preference for that value (or, equivalently, thatdegree of preference
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Uk (X) for a valuex can never be larger than the complementk (x) of the degree
of non-preference for that value.)

Formally, in their basic form, AFSs are operationally ealewnt to IVFSs and
thus may be also used to represent preferences in the datistish approach, but
their intended semantics is closer to the idea of the satisfigsatisfied approach.
However, in the satisfied-dissatisfied approach the totiépendence of positive
and negative condition is assumed and the AFS’s consistemgition does not
meet this assumption. Thus, in what follows we will use theagptbipolar AFS
which follows the two membership functions structure of A8t drops the consis-
tency condition. In this respect, the presented approasimitar to the neutrosophic
logic [37, 35]. It is also similar to a fuzzy version of Belrigpogic [2], proposed
by Oztiirk and Tsoukias [34] and further developed by Turunen ¢44]; cf. also a
study on links between Belnap’s logic and bipolarity by Kexzny et al. [24]. How-
ever, it should be stressed that the degrees of satisfeamidmlissatisfaction do not
have any epistemic flavour here, i.e., e.g., they do not farrmgerval containing
a ‘true’ degree to which the user likes the given value of arnbatte in question.
Instead, these degrees respectively express the genkiimg éind disliking of the
value which are assumed to occur simultaneously and indiepdly of each other.

In what follows, we will thus often adopt the notatier and ve instead of,
respectivelyug+ and pg—, while referring to the sets of positively and negatively
evaluated values of an attribute under consideration.

We have thus a couplgtr (X), Ve (X)) which is referred to as thapolar satisfac-
tion degree(BSD) and represents the suitability ®fc domn with respect to a
conditionA IS F, whereA is an attribute ané is a bipolar AFS representing pref-
erences of the user. Now, the question is how these coumds he processed, i.e.,
used to order the records in an answer to the query and agedegih the couples
related to other elementary conditions. We discuss thesessn the following sec-
tions. An elementary bipolar query conditioA IS F’ in the satisfied-dissatisfied
approach should be interpreted peeferably satisfy F and preferably do not sat-
isfy F~' [30].

Summarising, in this approach the evaluation of a re€oadainst an elementary
bipolar query conditionA IS F’ with F a bipolar AFS characterized by a pé§ir, v)
of membership functiong andv results in a pai(s(R),d(R)) € [0,1]? of values,
referred to asatisfaction degreés) anddissatisfaction degre@), jointly called a
Bipolar Satisfaction Degree (BSD) [30], such that

S(R) = pe (RIA) )
d(R) = v (RIA) (®)

whereR[A] is the value of recor® for attributeA. The set of all possible BSDs will
be denoted aB.
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2.3 Examples

As an example of an elementary bipolar query condition, ickenghe case of a real
estate application and a user who wants to find a suitablesiiousiy. An important
criterion may be the size of the garden. The user may have dewaoi criteria in
mind when judging which ranges of values of this attribute eh he prefers. For
example, considering garden as a playground for childrengler may use a positive
unipolar scale to measure its suitability — the larger tle e better. On the other
hand, taking into account the maintenance costs of the garseuser may use a
negative unipolar scale — the larger the garden size theshigie costs. Let us
assume that the terms ‘large’ and ‘too large’, respectjvelgresent the preferences
of the user along these two criteria and thus describe tlsé&<eandF — of positive
and negative parts of the bipolar condition.

Figure 1(a) shows how such preferences may be represeriteslfrmamework of
the satisfied-dissatisfied approach. It is worth noticire,tfor example, a garden
size of 550 sg. m. is totally negatively evaluated from thimpof view of the main-
tenance costs and, at the same time, totally positivelyuatadl from the point of
view of fun for the children.

Looking for a counterpart in the constraint-wish approaehaould like to inter-
pret the positive condition as a wish and the negative cmmdés the complement
of the constraint. However, this is not possible as the ateisty condition implied
by the semantics of the constraint-wish approach is not wigdt is illustrated in
Figure 1(b), i.e., there are some valueshere, Ly (X) > Uc(X).

constraint-wish approach

I}
| T T I I T
100 200 300 400 500 600

o

ol

satisfied-dissatisfied approach

| | T T T I
100 200 300 400 500 600

Fig. 1 Examples: (alg-: ‘too large’, g+ : ‘large’; (b) uc: ‘not too large’, thy: ‘large’.

In order to illustrate the constraint-wish approach at wetkus assume the fol-
lowing scenario. The user may look for a ‘large’ garden bet@hhe would be most
happy with a garden of size around 400-500 sg. m. Thus, tmedgiomay be inter-
preted as a constraint (‘not large’ garden is excluded)enthi¢ latter is just a desired
size. Figure 2(b) shows an example of membership functidnishwmay serve to
represent such preferences in the framework of the constnash approach.

1 We are slightly simplifying the situation here as with respectdthizriteria the user may have
in mind two separate bipolar scales, but still it will result in setsaggregated positively and
negatively evaluated garden size values.
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It should be stressed that the satisfied-dissatisfied aplpieaot suitable to rep-
resent such preferences. One can consider a kind of repatisenshown in Fig-
ure 2(a) which is obtained by treating the wish and the cangtas, respectively,
the positive evaluation and the complement of the negatiakiation. However, in
the framework of the satisfied-dissatisfied approach Fig(g should be actually
interpreted as representing the following preferencesutter has positive feelings
about the garden size being ca. 400-500 sg. m. and does eetiiélll gardens (more
precisely: not large gardens).

ol

satisfied-dissatisfied approach
constraint-wish approach

I | | I 1 |
100 200 300 400 500 600

I T T | I [
100 200 300 400 500 600

Fig. 2 Examples: (alr-: ‘not large’, U +: ‘around 400-500 sg. m.’; (b)c: ‘large’, pw: ‘around
400-500 sqg. m'.

Figure 3(b) shows a slightly different wish which may be egsed as ‘preferred
size of the garden is ca. 400-500 sq. m. or slightly less's Thse is still well suited
to be represented in the constraint-wish based approasbugl only the weak
consistency is preserved.

A kind of the counterpart of the above in the framework of tlais§ied-
dissatisfied approach, again in the spirit of Figure 2(agh®wn in Figure 3(a).

constraint-wish approach

T | T I T I
ol 100 200 300 400 500 600

T 1 T I I |
100 200 300 400 500 600

satisfied-dissatisfied approach

Fig. 3 Examples: (a)ug-: ‘not large’, ug-+: ‘around 400-500 sg. m. or slightly less’; (pk:
‘large’, uw: ‘around 400-500 sg. m. or slightly less’.
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3 Ranking of Query Results

After evaluating a bipolar query condition for all potettimery results, every re-
sulting recordr; will have an associated pair of calculated satisfactionreksy ei-

ther a pair(c(R)),w(R;)) or a BSD(s(R)),d(R;)). Now, we will deal with the ques-
tion how the records should be ranked in the response to § gearg these pairs
of degrees.

3.1 Ranking in the Constraint-Wish Approach

In this approach it is assumed that constraints and wistesi@r compensatory
[10, 26], i.e., a higher satisfaction of a wish can not congpdéma lower satisfaction
of a constraint. Therefore, ranking is done primarily on ¢bestraint satisfaction,
and secondly, in case of ties, on the wish satisfaction. iregd, one has [18]:

Ri = Ry < (c(R1) > ¢(R2)) V (c(R1) = ¢(R2) AW(Ry) > W(Rp)) 9)

whereR; = R, means thaR; is preferred tdR,. Thus, this is the lexicographical
ordering with respect to the paifs, w).

Another possibility is scalarization: a real function mag dpplied to the pairs
(c(Ri),w(Ry)) and the records are then ranked according to the valuesnebtai
Zadrazny and Kacprzyk [48], following Lacroix and Lavency [25}gpose the ag-
gregation of both degrees in the spirit of the ‘and possibpgerator. In this approach
the wish is taken into account only ‘if possible’, i.e., i ibatisfaction does not in-
terfere with the satisfaction of the constraint what is detaed with respect to the
content of the whole database. The same idea, applied irieaadif context, may
be found in some earlier work of Bordogna and Pasi [3], Dubois Prade [14] or
Yager [41]. Recently, a lot of work has been done on the stdidjfferent interpre-
tations of the ‘and possibly’ as well as its dual ‘or at leagtérators by Bosc, Pivert,
Tamani, Hadjali (see, e.g., [8, 28, 9]) and by Dubois and @madhis volume.

3.2 Ranking in the Satisfied-Dissatisfied Approach

Because, in the satisfied-dissatisfied approach, the agtitsfi degree and the dis-
satisfaction degree are assumed to be totally indepersigthtshould have an equal
impact on the ranking [30]. Naturally, the higher the satitibn degree, the higher
the ranking should be, and dually, the higher the dissatisia degree, the lower
the ranking should be. A possible ranking functiofor BSDs(s,d), with a com-
plete symmetrical impact of both the satisfaction and diisfsection degrees, is the
following:
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(sa)= 09 (10)
This ranking function produces values|[iy1]. Three special cases can be distin-
guished:

e r(s,d) =1:in this case it must be that= 1 andd = 0, so this is the case &l
global satisfaction

e r(s,d) =0:in this case it must be that= 0 andd = 1, so this is the case @l
global dissatisfaction

e r(s,d) =0.5:in this case it must be that= d and the ranking can be considered
neutral The condition is as satisfied as it is dissatisfied.

Remark that both degrees equally matter when ranking tleedecas expected. For
example, records for which the evaluation leads to a d&fsation degreel = 1,
or dually a satisfaction degree ef= 0, should not a priori be excluded as being
totally unsatisfactory. Indeed, e.g., the BSRgsl) and(0,0), although havingl = 1
(respectivelys = 0), both have neutral ranking(6,d) = 0.5) and are hence situated
in the middle of the ranking spectrum.

Other ranking functions are also possible, e.g., assigmnge importance to
either the satisfaction degree or the dissatisfactionededn general, a suitable
ranking functiorr for BSDs should meet the following minimal requirements:

1. 0<r(x,y) <1, with (x,y) aBSD, i.e.y : B — [0,1].

2. r(1,0) =1, i.e., the BSD with full satisfaction and no dissatisfantshould be
ranked the highest.

3. r(0,1) =0, i.e., the BSD with full dissatisfaction and no satisfantshould be
ranked the lowest.

4. ¥x,y € [0,1] : r(x,X) = r(y,y), i.e., for all BSDs with equal satisfaction degree
and dissatisfaction degree, the ranking should also bd.€fuareason for this
requirement is that, ranking wise, it is impossible to malseiasible distinction
between the cases of total indifference (i.e., B&0)) and total conflict (i.e.,
BSD (1,1)), and also all other intermediate cases wheted (i.e., BSD(x,X),
x € [0,1]).

5. monotonicityr(x,y) < r(x+&,y) andr(x,y) > r(x,y+¢€).

These minimal requirements eliminate the use of rankingtfans which solely
rank on either the satisfaction degreer the dissatisfaction degrek and use the
other degreed or s respectively) only as a ‘tiebreaker’, because they woutd vi
late the fourth requirement. Thus, for example, the lexiaphical ordering, mean-
ingfully used in the constraint-wish approach (see Eq. (8)hot suitable for the
satisfied-dissatisfied approach because of the assuménhti#pendence between,
and equally important role of, the satisfaction and dis$attion degrees.
A list of useful ranking functions for BSDs is listed below:
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Irl:s+(;—d) (11)
2= g (12)
1-d
S dyra-a )
S 1-d
T std @-9+@-0) -
rs = max{0,s—d} (15)
re = min{1+s—d,1}. (16)

Ranking functiorrs is discontinuous in BSI0,0), r3 is undefined for BSO1, 1),
while r4 is undefined for BSD$0, 0) and(1,1). More information on the behaviour
and properties of these ranking functions can be found ih [32

3.3 Comparison and discussion

The lexicographical ordering used in the constraint-wippraach makes wishes
(positive information) rather secondary in comparisonht® tonstraints (negative
information), according to the assumed semantics. This lbeajowever, counter-
intuitive in some cases. Let us consider two pairs of degfe@®;),w(R;)) and
(c(Rz),W(R2)) such thatc(Ry) = c(Ry) + €, while w(R;) = 0 andw(Ry) = 1. In
such a cas®&; will be ranked befordR,, even fore very close to 0 what may be
disputable. A possible escape is to assume a discrete sealls Bindw's with a
small number of levels and to claim that the smallest difieeein levels of the
constraint satisfaction is large enough to justify its déedimole in establishing the
ranking of records whatever their satisfaction of wishes is

A scalarization in the spirit of the ‘and possibly’ operaitoan interesting option
but it adopts a specific semantics of constraints and wishes.

Ranking in the satisfied-dissatisfied approach is based emahking of the
BSDs. Due to their specific semantics and the total indeparedef the satisfac-
tion and dissatisfaction degrees, BSDs can be ranked ierdiff ways. A ranking
function for BSDs should satisfy the requirements specifiefubsection 3.2. The
selection of a ranking function depends on the requireneritse application.

e If it is necessary to assign an equal weighst®) andd(R), then the ranking
functionry (cf. Eg. (11)) can be used. In this approach, query conditiane
interpreted as preferences because recordsdyf = 1 or s(R) = 0 are not a
priori excluded from the result, i.e., they do not necesgaesult in a ranking
value 0.

¢ If the non-zero satisfaction degree should be interpreseahaabsolute require-
ment, i.e., ifs(R) = 0 has to imply that the ranking value is 0, then the ranking
functionr; (cf. Eq. (12)) can be used.
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e Dually, if avoiding the total dissatisfaction should becirgreted as an absolute
requirement, i.e., il(R) = 1 has to imply a ranking value 0, then the ranking
functionrs (cf. Eq. (13)) can be used.

e Ranking functiorr4 (cf. Eq. (14)) can be used if both non-zero satisfactioneegr
is required and total dissatisfaction should be avoided.

e Finally, if the ranking should be based on the bess(&) andd(R), then either
ranking functionrs (cf. Eq. (15)) or ranking functiomg (cf. Eq. (16)) can be
used. Herebyrs = 0 if s(R) < d(R) andrg = 1 if S(R) > d(R).

It is worth noting that modelling bipolaritinsidean elementary query condition
using the constraint-wish approach (cf. Section 2.1) makesranking problem
somehow trivial. Namely, it is easy to verify that due to tlemsistency condition,
it is impossible to have two pairs of degrdeéR; ), w(R;)) and(c(Ry),w(Ry)) such
thatc(Ry) < c(Rp) and at the same tim&(R;) > w(Rz). This further justifies the
primary role of the constraint satisfaction degree in thekirag process, as defined
in (9). On the other hand, this is not the case in the satisfisshtisfied approach
what makes room for more possible definitions of ranking.

4 Aggregation in Bipolar Query Processing

So far we have focused on bipolar queries comprising oneezi@ary bipolar con-
dition with respect to an attribute. In what follows we catesia compound bipolar
query composed of many elementary bipolar conditions,iblyssombined using
explicit logical connectives of conjunction, disjunctiand negation. The evaluation
of an elementary bipolar query conditiénlS F results in a pair of degrees (either
(c(R),w(R)) or (s(R),d(R))) for every database recoRl Now, consider the evalu-
ation of an entire query composedroélementary query conditions. First, for each
relevant database recoR] each elementary condition need to be evaluated result-
ing in n individual pairs of satisfaction degrees. Second, all¢hagividual pairs
must beaggregatedto come up with a global result reflecting the extent to which
R satisfies the entire bipolar query. The basic aggregationnigues in case of
the constraint-wish approach and the satisfied-dissatiafiproach are presented in
the two subsections below. A distinction has been made lesttexhniques where
the pairs of degrees are treated as a whole and techniquee thiese degrees are
treated individually.

4.1 Aggregation in the Constraint-Wish Approach

Considemn elementary bipolar query conditions, the evaluation ofolutior a record
Rleads to a set afi pairs(ci(R),wi(R)),i = 1,...,n. This set ofn pairs needs to be
aggregated to obtain the global satisfaction degree.
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4.1.1 Treatingc(R) and w(R) Individually

In this approach a bipolar query is meant as a list of elenngtigolar conditions
and their conjunction is tacitly assumed. TQER)'s andw;(R)’s are separately ag-
gregated [16, 17]. Both aggregations are guided apprefyiél the semantics of
the constraints and of the wishes. Namely, it is assumed ithatrecordR does
not satisfy a constraint then it should be rejected oveldlerefore, the degrees
¢i(R) are aggregated in a conjunctive way. On the other hand, i€erdes desir-
able according to one wish then it is desirable overall. &fwe, the degrees;(R)
are aggregated in a disjunctive way. This then leads to aagludir (c(R), w(R))
expressing the satisfaction of the whole bipolar query bycardR:

(c(R),w(R)) = (rr}inci(R),miami(R)). a7)

Besides the minimum and maximum, other aggregation opstdtased on trian-
gular norms and co-norms, can also be used if a reinforceafut is needed or
desired.

Remark that, in general, this aggregation technique wilpneserve consistency,
i.e., itis possible thaw(R) > c(R). This can be solved by treating the ‘global wish’
not just as the mere disjunction of all wishes, but by alsingakhe conjunction of
this disjunction with all the constraints [17]:

(c(R),w(R)) = (miinci(R)7min(miaxwi(R),n}inci(R))). (18)

4.1.2 Treating(c(R),w(R)) as a Whole

This approach, followed amongst others by Bosc et al. [2,did&s not look at the
Gi(R)’s andwi(R)’s separately, but treats them as a whole. In contrast witho3u
and Prade, Bosc et al. consider both conjunction and disamof bipolar query
conditions. As it is usually done in regular ‘fuzzy’ querginconjunction is trans-
lated to a minimum operator and disjunction is translated taximum operator.
In order to take the minimum or maximum, the sef @{R),w;(R)) pairs must be
ordered. In this approach, a lexicographical orderingssiaed (see above, in Sub-
section 3.1) and the operatdnsin andimaxare introduced as aggregation operators
for respectively conjunction and disjunction of bipolaeguconditions [17, 26, 10].
Let us assume that two elementary bipolar quefiekS F, i = 1,2, result in two
pairs of satisfaction degrees for a rec&dci(R),wi(R)), i = 1,2. Then, the pair of
satisfaction degrees for the conjunction and disjuncticthese elementary queries
is defined as follows:
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(CraqisF) A (AalSF) (R)s WiagisF ) A (AslSRy) (R)) =

= Imin((c1(R), w1 (R)), (c2(R), w2(R)) =

_{(Cl(R%Wl(R)) It (Ca(R) < Ca(R)) v (Co(R) = C2(R) Awa(R) <w2(R)) 1
(c2(R),w2(R)) otherwise
(CiagisFv(AsIsR) (R), WiagisFy v (Agisky) (R)) =
= Imax((c(R),wa(R)), (c2(R), w2(R)) =
:{(Cl(R),Wl( R))if (C1(R) > Ga(R) v (&1(R) = G2(R) AWa(R) > Wa(R)) 5
(c2(R),w2(R)) otherwise.

Due to the associativity of the operatdnsin andIlmax formulas (19) and (20)
may be easily extended to the case of a conjunction and digpu) respectively, of
n elementary bipolar queries.

By definition bothimin andImaxreturn one of the input pairs as the result. As
all arguments are assumed to be consistent so is also theakhis type of aggre-
gation.

4.2 Aggregation in the Satisfied-Dissatisfied Approach

Consider agaim bipolar query conditions, evaluation of which for recétteads to
aset{(s(R),di(R)),i =1,...,n} of n BSDs. This set of pairs needs to be aggre-
gated to a BSOs(R),d(R)) representing the global satisfaction and dissatisfaction
when taking into account all imposed query conditions.

4.2.1 Treatingsandd Individually

In this approach, as in the approach by Dubois and Prade, $ifizsEre not ag-
gregated as a whole but the lists $fR)’'s andd;(R)’s are aggregated separately
[30, 33]. But, unlike the Dubois and Prade approach, botluration and disjunc-
tion of bipolar query conditions are considered, as welhasrtegation. Moreover,
this approach also allows to take into account weights tingjgish important from
less important query conditions.

Because the bipolar query conditions in this approach a@red by AFSs, the
basic aggregation of BSDs (which are the result of the etialnaf such bipolar
query conditions) is also inspired by the aggregation of &H3is means that the
conjunction (respectively disjunction) of two BSDs is edéted in the same sense
as the intersection (respectively union) of two AFSs. Meegpthese operations
also coincide with those proposed in a continuous exteriBelnap’s four-valued
logic proposed byDztiirk and Tsoulds [34].
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Non-Weighted Aggregation

Let us consider two elementary bipolar condition; IS F;” and ‘A, IS ', and
their conjunction and disjunction.

Conjunction.

The satisfaction and dissatisfaction degrees, i.e., a B8Dhe query ‘@1 ISF) A
(A2 IS )" is computed as follows:

(S(ar 1 F)A (A2 1S ) (R), diag 1S Fa (A 15 o) (R)) =
= (Min(sa; 1sF, (R); S, 1s R, (R)), max(da, 1s r (R),da, s, (R))). (21)

An intuitive justification for this formula is as follows:

e For the conjunction of two conditions to be satisfied, bothditions have to be
satisfied. Therefore the minimum of both individual satitifan degrees is taken
as the satisfaction degree of their conjunction.

e For the conjunction to be dissatisfied, it is enough if onehet is dissatisfied.
Therefore the maximum of both individual dissatisfacti@gikes is taken as the
dissatisfaction degree of their conjunction.

Besides the minimum and maximum, other aggregation opsratsed on trian-
gular norms and co-norms can also be used if a reinforcenfieat é needed or
desired.

It should be noted that the formulas (17) and (21) althougtfilar on the surface,
are quite different. In both cases we have the minimum opeegtplied to the first
components of the aggregated pairs and the maximum opeggited to the second
components of these pairs. However, in the former case thiemaim and maximum
operators are applied to the complements of the negativeai@ns and the positive
evaluations, respectively, while in the latter case thesepasitive and negative
evaluations, respectively.

Disjunction.

The satisfaction and dissatisfaction degrees, i.e., a B8Dhe query ‘@1 ISF) v
(A2 IS )" is computed as follows:

(S(Al IS F)V(A2 IS Fp) (R)vd(Al ISF1)V(Ag IS Fy) (R) =
= (Max(sa, 1sF, (R), S8, 1s R, (R)), Min(da; 1s , (R), day s, (R))). (22)

Similarly to the case of conjunction, an intuitive justiiicen for this formula is as
follows:
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e For the disjunction of two conditions to be satisfied, it iegh for one of them
to be satisfied. Therefore the maximum of both individuak$attion degrees is
taken as the satisfaction degree of their disjunction.

e For the disjunction of two conditions to be dissatisfied hboft them have to be
dissatisfied. Therefore the minimum of both individual dissfaction degrees is
taken as the dissatisfaction degree of their disjunction.

Negation.

The satisfaction and dissatisfaction degrees, i.e., a BSDhe query - (AIS F)’
is computed as follows:

(s.a1sF)(R),d-a1sF)(R) = (daisr(R), saise(R)). (23)

The same effect of negation can also be achieved by swappiwy fsets of
positively () and negatively K ) evaluated elements aform, composingF,
F=(F",F)in‘= (AISF),ie. ‘~( AISF) is thus equivalent toA IS F",
whereF’ = (F~,F*).

Weighted Aggregation

When expressing queries (bipolar or not), one way to modalifference in impor-
tance between different elementary (bipolar) query caomilitis by using weights.
Also in the framework of BSDs, it is possible to deal with swekights [31]. The
underlying aggregation operators are still appropriatgdaggregation operators,
but a premodification step is performed on the elementatgr@ievaluation results
to take into account the impact of the weights. It is assurhatithe importance of a
condition, with respect to the final result, is linked witte ttondition itself, not with
the degree to which the condition is satisfied. So weights [0, 1] can be attached
to the individual elementary bipolar conditions. The setitarof the weights is as
follows: w; = 1 denotes that the condition is fully important, while= 0 denotes
that the condition is not important at all. Such a conditiam &e neglected (and
hence should have no impact on the result). Conditions witrinediate weights
should still be taken into account, but to a lesser extemt toaditions with weight
w; = 1. In order to have an appropriate scaling, it is assumediiztw; = 1 [15].

To reflect the impact of a weight on the evaluation of a coadita premodifica-
tion is performed on the initial BSDs, taking into accourd theights. This means
that, before aggregating the individual BSDs, the impacthefweights on these
BSDs is calculated first. Afterwards, the modified BSDs argregated using the
regular aggregation techniques, as if they were regular;modified, BSDs. Let
g be the operator that models this weight influence on the iddal BSDs:

g:[0,1 xB—B: (w(s,d))— g(w(sd)). (24)
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It has been shown that implication functiofig, and co-implication functions
f.20 can be used to model the impact of weights, whigreand f0 are|[0, 1]-valued
extensions of Boolean implication and co-implication flioies. As an example,
consider the Kleene-Dienes implication and co-impligatio

fimKD (X, Y) = max(l —X% y)
f20 (Xy) = min(1—x,y). (25)

IMkD

The impact of a weight on a BSD, in case of conjunction, can dfened as
follows:

9" [0, xB—B:(w(sd)—g" (W (s,d) = (Symwsd) dg'wsdy) (26)

where

Sy (w(sd)) = fim(W;S)
Ayt w(sd)) = fim(1—w.d).

As an example, consider the weight operator for conjundtiaeed on the Kleene-
Dienes implication:

g"(w (s, d)) = (max1-w,s),min(w,d)). (27)
Consider the basic conjunction operatofor BSDs, which is defined by
At (B)2 = B: (s, d1), (s2,02)) v (min(sp, s), max(dy, d))  (28)

(cf. Eq. (21)). Using this definition and the definition of theight impact operator
g", a definition of an extended operator for weighted conjamcti of BSDs can
now be given as follows:

AV ([0, xB)? - B (29)
((wa, (s1,6h1)), (W, (S2,02))) = §" (W, (s1,01)) A " (Wa, (S1,0)).

An extended operator for weighted disjunction can be defaredogously. In-
deed, the impact of a weight on a BSD, in case of disjunctian,be defined by:

g\/ . [07 l] X IE; — I@' : (\Nv (Sv d)) = g\/(Wa (Svd)) = (SQV(V\I.(S,d))7dgV(W,(&d))) (30)
where
Sg¥(w(sd)) = fim(1—W,S)
dgv(w(sd)) = fim(w,d).

Using the Kleene-Dienes implication, the following weigiperator for disjunction
is for example obtained:
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0" (W, (s,d)) = (min(w;s), max(1—w.d)). (31)

Consider the basic disjunction operatofor BSDs, which is defined by
V:(B)? = B: ((s1,ch),(s2,d2)) — (Max(sy, ), min(dy, dp)) (32)

(cf. Eq. (22)). Using this definition and the definition of tiveight impact operator
g”, a definition of an extended operator for weighted conjamcti’ of BSDs can
then be given as follows:

VWi ([0,1] x B)? —» B (33)
((wy, (s1,d1)), (W, (S2,02))) — g (W1, (s1,d1)) Ag" (Wa, (S1,d1)).

Averaging

Besides the basic aggregation operators based on the atigregf AFSs, using
triangular norms and co-norms, BSDs can also be aggregatad ather opera-
tors, like averaging operators [31]. Some averaging opeshat could be used are
the arithmetic meanAM), geometric mean@M) or harmonic meanHM). As an
example, consider the traditional arithmetic mean:

AM(X1,..., %) = i_ixi. (34)

Such averaging operators cannot be applied on BSDs as sezdyde a BSD con-
sists of a pair of values. So again, the satisfaction deguegslissatisfaction degrees
need to be treated separately. An extended version of theealkgular averaging
operator can be defined, where this regular averaging apesatpplied for the
satisfaction degrees, and, separately, for the dissdiisfedegrees:

AM((51,0)..... (S0.0h)) = (n;sizld) (39)

A similar extension can be defined for other averaging opesd&M, HM, .. .).

Weighted Averaging

In the case of weighted averaging, it is again assumed thairthortance of a con-
dition, with respect to the final result, is linked with thendition itself, not with
the degree to which the condition is satisfied. So weights [0,1] can be con-
nected with the individual bipolar conditions. Again, irder to have an appropriate
scaling, it is assumed that max = 1. Weighted counterparts of the above averag-
ing operators for BSDs (e.g., weighted arithmetic mesd'{), weighted geometric
mean GMY), or weighted harmonic meat{(M%)) can be used, where the satis-
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faction degrees on the one hand, and the dissatisfactioeetgn the other hand,
are again aggregated separately using regular weightedgang operators. As an
example, consider the weighted arithmetic madif¥ for BSDs:

AMY: ([0,1] xB)" —» B (36)
<Zinlwi‘s ZinlWi'di>.

YiLawi T 3w

((Wlﬂ(slvdl)) (Wna S, dn

4.2.2 Treating(s,d) as a Whole

Aggregating BSDs as a whole can be done by using Ordered Veeigtveraging
(OWA) operators for BSDs [31]. Ordered weighted averagiinB®Ds can be based
on the traditional OWA operators [42, 43] as done in the cAsggregating regular
satisfaction degrees. The OWA operator of dimensidre., acceptingn arguments
X1,.-..,X%n is defined by:

OWAW (X1, ..., X% Zw. (37)

wherex is thei®" largest value oky, ..., X, andW = Wi,...,Wn]; Sawi=1lisa
parameter of the OWA operator, referred to as the vector ajive

This traditional OWA operator can also be extended to woitk \BiSDs. To this
aim, the BSDs are first rank ordered, for example by using dtieearanking func-
tions presented in Section 3.2:

OWAy :B" - B (38)

((s1,d1),...,(Sn,0hn)) (Ziw. 7'=§1Wi ~di’>

where(s,d/) is thei'" largest BSD of(s,dy),. .., (sn,dn), according to the ranking
function used.

Depending on the weight vector that is used, this extended Of¢érator will
behave differently (just like the regular OWA operator).dpecial cases, it can,
e.g., act as a maximum function for BSD# (= 1, w; = 0 fori > 1), a minimum
function for BSDs \v, = 1, w; = O for i < n), or a median function for BSDs (for
oddn: Wrpp=1w = Ofori# [ 5], where[ ] denotes the ceiling function; for even
Wy =3, Wy, =3, W =0 fori # 5 andi # § +1).

Remark that the exact behaviour of the maximum, minimum aadiam function
for BSDs (and also for all other OWA operators) depends orsfieific ranking
function employed.
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4.3 Comparison and discussion

The aggregation of pairs of satisfaction degrees of eleangripolar conditions
should follow and reflect the semantics of the querying apgnoThis is why, for
both approaches, specific aggregation techniques havepbesented, hereby dis-
tinguishing techniques to aggregate both satisfactiomedsgseparately and to ag-
gregate the satisfaction degree pairs as a whole.

In the constraint-wish approach, handling both satisfactiegrees separately
boils down to treating all constraints together as a glolsistraint and treating
all wishes together as a global wish, hereby preserving pipicable consistency
condition, which requires some additional effort. Hanglboth satisfaction degrees
as a whole boils down to lexicographical ordering. In botids of aggregation the
semantics of constraints and wishes is retained.

In the satisfied-dissatisfied approach the satisfactiondésshtisfaction degrees
are completely independent of each other. This charatiteoifers more freedom
to develop aggregation operators that treat both degrpasately.

e Basic aggregation operators, inspired by the aggregafiéi-8s and based on
the minimum triangular norm and maximum triangular co-nonawve been de-
fined for non-weighted conjunction and disjunction. Theperators retain the
semantics of positive and negative information.

e To handle elementary query conditions of different impocty extended coun-
terparts of the basic aggregation operators have beennpeesa literature.
These operators use associated weights to model the eelatportance of a
query condition. First, the elementary conditions area&d as if there are no
weights. Second, the impact of a weight on the evaluationooinaition is mod-
elled in a premodification step using an implication androplication function.

e Instead of being based on a triangular norm and a triangokmoem, an aggre-
gation function can also be based on an averaging operktothe arithmetic,
geometric or harmonic mean or on the weighted extensionadf an averaging
operator.

Choosing which aggregation operator to use depends on theérements of the
application. Aspects that may be considered in the selecican adequate oper-
ator are: the need to better distinguish among the resuitiogrds, the need for a
reinforcement effect and the computation time.

BSDs can also be treated as a whole and aggregated basediroratkéng.
For that purpose, an OWA operator for BSDs has been presentkd literature.
As is the case with regular OWA operators, the behaviour efatgregation will
then strongly depend on the used weight vector. Speciakaasethe minimum,
maximum and median function for BSDs. Whether to use this &fradjgregation or
not, and which weight vector should be chosen, again depetitearequirements of
the application under consideration. Results obtaineu fro aggregation based on
the ranking of BSDs are in general less informative to the, lezause they do not
provide independent information about the satisfactiothefpositive and negative
conditions in the user preferences. However, if a quantifessed aggregation is
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required by the application, where at least (or at most) aifipd (fuzzy) number
of elementary conditions should be satisfied in order tsfathe query, an OWA-
based aggregation can be used.

5 Conclusions

In this chapter, an overview and comparison of two commonigwkn approaches
to bipolar querying of databases have been presented: tis¢ramt-wish approach
and the satisfied-dissatisfied approach. The specificafidripolar query condi-
tions and different aspects of query handling, including ¢laluation of elemen-
tary conditions, their aggregation, as well as ranking efdhery results have been
described.

The constraint-wish approach has been specifically degitmeope with situ-
ations where user preferences express requirements —caltestraints— which
should be satisfied (at least to some extent) by the retrida&abase records, and
other, optional conditions —called wishes— which serve stidguish among those
records that satisfy the constraints to the same extemghtBlidifferent semantics
is modelled by the ‘and possibly’ based approach to comgtrand wishes, where
the influence of the wishes on the results of a query depenttsecexistence of the
records satisfying constraints and wishes at the same time.

The motivation for the satisfied-dissatisfied approach ofme with user prefer-
ences that are composed of positive conditions —expresdirag thie user likes—
and negative conditions —expressing what the user wantetd.avhe positive and
negative conditions do not necessarily have to be complameto each other.

Although both approaches result in pairs of satisfactiagreles (constraint sat-
isfaction and wish satisfaction, or satisfaction degre@ dissatisfaction degree),
the semantics are quite different. In the constraint-wjgtr@ach, ‘true’ constraints,
i.e., mandatory requirements, are treated as more imgarntanspecific sense. In
the satisfied-dissatisfied approach, the positive and wegatguirements are con-
sidered in general as being equally important and indepenBee to this assumed
independence, it is also possible to model inconsistentoaflicting situations
in the satisfied-dissatisfied approach, which is not possibthe constraint-wish
approach, where either strong or weak consistency musy.ajgigreover, in the
satisfied-dissatisfied approach, the set of operators &mabe used for ranking or
aggregating is more elaborate than in the constraint-wigcach (e.g., weighted
aggregation operators). On the other hand, a compbb@pelar’ relational algebra
has been proposed for the constraint-wish approach, hextension of traditional
relational algebra to handle bipolarity [10].
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