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1 INTRODUCTION

Real-life problems present several kinds of preferenaeshis pa-
per we focus on problems with both positive and negativeepref
ences, that we cabipolar problems. Although seemingly specular
notions, these two kinds of preferences should be deaétrdifitly to
obtain the desired natural behaviour. In fact, assume xamele, to
have a scenario with two objects A and B. If we like both A and B
i.e., if we give to A and B positive preferences, then the allesce-
nario should be more preferred than having just A or B alond,s®»
the combination of such a preferences should give an highetiye
preference. Instead, if we dislike both A and B, i.e., if weegio A
and B negative preferences, then the overall scenario dlguless
preferred than having just A or B alone and so the combination
such a negative preferences should give a lower negatiferpnee.
When dealing with both kinds of preferences, it is naturaxpress
also indifference, which means that we express neither itiygosor

a negative preference over an object. A desired behaviourddf
ference is that, when combined with any preference, it shook
influence the overall preference.

Finally, besides combining positive preferences amongnthe
selves, and also negative preferences among themselvealswe
want to be able to combine positive with negative prefersnakow-
ing compensation. For example, if we have a meal with meaicfwh
we like very much) and wine (which we don't like), then whaosh
be the preference of the meal? To know that, we should be able
compensate the positive preference given to meat with thative
preference given to wine.

In this paper we start from the soft constraint formalismija$ed
on c-semirings, that models only negative preferences.héfe ex-
tend it via a new mathematical structure, which allows tadteposi-
tive preferences as well and we address the issue of the csampen
between positive and negative preferences, studying tipepies of
this operation. Parts of this paper have appeared in [3].

2 SOFT CONSTRAINT FORMALISM

A soft constraint [2] is a classical constraint [4] where featstan-
tiation of its variables has an associated value from all(yata par-
tially ordered) set. This set has two operations, which reaksimi-
lar to a semiring, and is called a c-semiring. A c-semiring tsiple
(A,+,%,0,1) where:A is asetand, 1 € A; 4 is commutative,
associative, idempoterf, is its unit element, and is its absorbing
element;x is associative, commutative, distributes overl is its
unit element an@ is its absorbing element. Consider the relation
over Asuchthat <s biff a+b = b. Then:<g is a partial order;
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and x are monotone oK s; 0 is its minimum andl its maximum;
(A,<s) is a lattice andy a,b € A, a + b = lub(a,b). Moreover,

if x is idempotent, thefA, <s) is a distributive lattice anck is its
glb. Informally, the relatior< s gives us a way to compare (some of
the) tuples of values and constraints. In fact, when we havg; b,

we will say thatb is better than a.

Given a c-semiringS = (A4, +, x,0,1), a finite setD (the do-

"main of the variables), and an ordered set of variabfesa con-
straint is a pait{de f, con) wherecon C V anddef : D'*"l — A.
Therefore, a constraint specifies a set of variables (the ionan),
and assigns to each tuple of valuesiofof these variables an el-
ement of A. A soft constraint satisfaction problem (SCSP) is just
a set of soft constraints over a set of variables. For exanfyntey
CSPs [5] and weighted CSPS [2] are SCSPs that can be modeled by
choosing resp. c-semiringsrcsp = ([0, 1], maz, min,0,1) and
Swcesp = (?]‘EJF7 min, sum, +00,0).

3 NEGATIVE PREFERENCES

The structure we use to model negative preferences is pxaati
semiring [2] as described in the previous section. In fattaic-
semiring there is an element which acts as indifferenced, igha,
sinceVa € A, a x 1 = a, and the combination between negative
preferences goes down in the ordering (in fack b < a,b), that is

a desired property. This interpretation is very natural wbensider-
ting, for example, the weighted c-semiritg ™", min, +, +o00,0). In
fact, in this case the real numbers are costs and thus negaéfer-
ences. The sum of different costs is worse in general vhetotder-
ing induced by the additive operator (thatis;n) of the c-semiring.
From now on, we will use a standard c-semiring to model negati
preferences, denoted d¥V, +1, Xn, Ln, Tx).

4 POSITIVE PREFERENCES

When dealing with positive preferences, we want two mairppro
erties to hold: combination should bring to better prefeesn and
indifference should be lower than all the other positivefgnences.
A positive preference structure is a tugle, +,, Xp, Lp, Tp) S. t.
P is a set andl,,, 1,€P; +,, the additive operator, is commuta-
tive, associative, idempotent, with,, as its unit elementva € P,
a+p Lp,=a)andT, as its absorbing elementd € P,a+, T, =
Tp); Xp, the multiplicative operator, is associative, commutatnd
distributes over, (a Xp (b +p ¢) = (a Xp b) +5 (a Xp ¢)), with
1, asits unit element and, as its absorbing elemént

The additive operator of this structure has the same priegesis
the corresponding one in c-semirings, and thus it induceartap
order overP in the usual waya <, b iff a +, b = b. This allows
to prove that-, is monotone¥Xa, b,d € Ps.t.a <, b,a Xp d <,

2 In fact, the absorbing nature 8f, can be derived from the other properties.



b xp d) and that it is the least upper bound in the lattidg <;)
(Va,be P,axpb>pa+p,b>pa,b).

On the other handx,, has different properties w.r.k,,: the best
element in the orderingT,) is now its absorbing element, while
the worst element.L,) is its unit element.L, models indifference.
These are exactly the desired properties for the combimatitd
for indifference w.r.t. positive preferences. An exampfeaopos-
itive preference structure iéR*,maz,sum,O,—i—oo), where prefer-
ences are positive real numbers aggregated with and compared
with mazx.

5 BIPOLAR PREFERENCE STRUCTURES

For handing both positive and negative preferences we pepm

(N, P,+, %, L, 0,T) afinite setD (the domain of the variables),
and an ordered set of variabl®s a constraint is a paifde f, con)
wherecon C V anddef : D'l — (N U P).

A bipolar CSP(V, C) is then just a set of variabld$ and a set of
bipolar constraint€’ overV'.

A solution of a bipolar CSRV, C) is a complete assignment to
all variables inV, says, with an associated preferengee f(s) =
(p1 Xp oo XpPr) X (N1 Xn ... Xnng), Where, fori :=1,...,k
pi € P, forj :=1,...,ln; € N, and3(def,con) € C such
thatp; = def(s lcon) Orn; = def(s |con). A solutions is op-
timal if there is no other solutior” with pref(s’) > pref(s). In
this definition, the preference of a solutisris obtained by combin-
ing all the positive preferences associated to its praastover the
constraints, combining all the negative preferences &swolto its

combine the two structures described in sections 4 and 3 &t wh projections over the constraints, and then, combining weedref-

we call abipolar preference structure. A bipolar preference structure
is a tuple(N, P,+, x, 1,0, T) where,(P,+|,, x|,,0,T) is a
positive preference structur@N, + ., x|, , L, 0) is a c-semiring;
+: (NUP)?> — (N UP)is an operator s. t, + ap = ap,
Ya, € N anda, € P;itinduces a partial ordering otV U P:
Ya,b € PUN,a <biffa+b=10b;x: (NUP)> — (NUP)
is a commutative and monoton€éd,b,c € N U P, if a < b, then
a X ¢ < b x ¢) operator.

Bipolar preference structures generalize both c-sensramgl pos-
itive structures. In fact, whem = T, we have a c-semiring and,

erences obtained so far. ¥ is associative, then other definitions of
solution preference could be used while giving the samdtresu

7 RELATED AND FUTURE WORK

Bipolar reasoning and preferences have recently attraciee inter-
est in the Al community. In [1], a bipolar preference modeddxhon
a fuzzy-possibilistic approach is described, but positind negative
preferences are kept separate and no compensation is dllbwé€]

only totally ordered unipolar and bipolar preference sale used,

whenO = 1, we have a positive structure. Given the way the or-while we have presented a way to deal with partially ordenegso

dering is induced by on N U P, easily, we havel< O < T.
Thus, there is a unique maximum element (thafi,a unique min-
imum element (that isl.); the element is smaller than any positive
preference and greater than any negative preference, snasitd to
model indifference.

A bipolar preference structure allows to have a richer stimacfor
one kind of preference, that is common in real-life problemgact,
we can have different latticé$>, <,) and(V, <,). In the following,
we will write +,, instead o+, and+, instead of+,. Similarly
for x,, and x,. When x is applied to a pair il N x P), we will
sometimes writex ., and we will call it compensation operator.

An example of bipolar structure is the tup®€[—1, 0], P=[0, 1],
+=max, x, L=—1, 0=0, T=1), where x is such thatx,= max,

On totally ordered scales the t-norm and t-conorm of [6]&spond
to x,, and x,, while the uninorm of [6], similar to<, is less general
thanx, since it is associative.

We plan to adapt constraint propagation and branch and bound

techniques to deal with bipolar problems and we intend teelbgy
a solver for bipolar CSPs, which should be flexible enoughcto a
commodate for both associative and non-associative cosatien
operators. We also intend to consider the presence of @itgrin
bipolar problems, possibly using possibility theory anddavelop
solving techniques for such scenarios. We also want to géner
other preference formalisms, such as multicriteria methati CP-
nets.

x»=min and x ,,=sum. Negative preferences are between -1 ancg ACKNOWLEDGEMENTS

0, positive preferences between 0 and 1, compensation isauin
the order is given by max. In this caseis not associative.
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In general, operatox may be not associative. For example, if straints and Preferences” 2005015491).

TxLl=ce (NUP)—{T, L}orifthere are at least two elements

peP—{Thne N—-{Ll}stpxn=0andx, or X, is

idempotent, thenx is not associative. Since these conditions often

occur in practice, it is not reasonable to require asseanf x.

The combination of a positive and a negative preference isfa p
erence which is higher than, or equal to, the negative ondcavet
than, or equal to, the positive one.

Possible choices for combining strictly positive with stiyf nega-
tive preferences are thus the average, the median, the rttie anax
operator. Moreover, by monotonicity, if x L = 1, thenVp € P,
px L = _L.Similarly,if T x L =T,thenVne N,nx T =T.

6 BIPOLAR PREFERENCE PROBLEMS

Once we have defined bipolar preference structures, we darede
notion of bipolar constraint, which is just a constraint wheach as-
signment of values to its variables is associated to onesaflgments
in a bipolar preference structure. Given a bipolar prefegestructure
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