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Abstract. re-usable.

In this paper we deal with the problem of formalizing the notion A semantically-augmented aesthetic knowledge system would pro-
of aesthetic judgment. Many aspects of the representation of beautside markup of aesthetic nature, so that we can imagine search fea-
have been evaluated and studied in the Analytical Philosophy antiires able to process the following requests:

in the Linguistic literature. However, to our knowledge, an approach

that includes a complete formalization from a knowledge representa® L0ok for all the documents that speak about authors of books with

tion point of view has not yet been carried out. the same style of Umberto Eco; _ _
In this paper we approach the problem from a Neo-Kantian per® Look for all the web sites that have a graphic layout aesthetically
spective. We shall consider an aesthetic judgment as bathana- similar to the Google’s one;

tion and adescription. We model this conceptualization by means of ® Lok fora document about films of a style approved by the French
a formalization in first-order logic, that incorporates the fundamental Avantgardists of the sixties.
notions of a social theory of taste called thieeory of Distinction

. - s . T
originally conceived for explaining Fashion phenomena [30, 1] andb
then provided as a model for taste in general [3, 35].

We presuppose five axiomatic sortdgjects individuals a subset
of individuals named thelite, a collection of characteristics of ob-
jects named theropertiesand a collection of objects which can be

hese searches, from common to more exotic ones are not possi-
le within currently existing Automated User Recommendation Sys-
tems, Automated User Profiling User Preference Settings of Com-
puter Aided Design Systems, the sole applications which try to ad-
dress problems of the representation of taste of the users. We believe
assigned to some properties called dadues The elite individuals that features based on agenefal theory of aesthetic_jud_gments would
. S . be able to enhance the effectiveness of such applications and even
establistcanonsand acknowledge other individuals in termgoibd : .
. o . . others which are also sketched in below.
taste being this kind of judgment expressed as well among generic L .
individuals. The fundamental motivations for the developmen_t of independent
reasoning systems are: the need for autonomous axiom sets due to the
specific nature of the domain; the existence of specific applications,
1 Introduction where the domain is relevant.
The first motivation applies here faocial aspects of aesthetic
The purpose of this paper is to characterize the aesthetic judgmeRhowledge, which will be sketched in below; the second motivation
in formal terms, and to express it in first order logic. We adopt ahas been discussed above.
Neo-Kantian perspective, namely we assume that such judgments areThe approach we introduce here is general. However we believe
both the expression of an “a priori” classification, and an “a postethat it is not possible to think at a completely abstract conceptualiza-
riori” evaluation. Objects classified as beautiful are considered suckion of aesthetics. We therefore restricted ourselves to the specific do-
only by public judgment, that means that we should take in accouninain of collaborative Design, where the two aspects of the approach
sociological aspects [35]. we adopted have clearly defined meaning. Our theory is based upon
The expression of judgments of an aesthetic nature is very frethe notion of Judgment, and upon the notion of Distinction, which
quent in common sense reasoning. This happens in various circungiay an important role in the above mentioned theory.
stances, and in general in commenting on events or things, even thosewe base our approach on the ideas expressed by Rodgers et al. in
of a rather common nature. While watching a movie, visiting an ar28]. In these papers Rodgers et al. have addressed the problem of
gallery, shopping for personal items, browsing a web site, setting upnanaging aesthetic knowledge based on the noticexpfanation
preferences of an application, we judge things from an aesthetic poirind have interpreted the textual aspect of an application, originally
of view. cADET®, and now WebCADE®. Another interesting software
We believe that a system able to support aesthetic reasoning couldol is FIORES [6]. What is missing in these investigation, and is
be fruitfully employed in semantically-augmented design tools,under consideration from our point of view is thatological level
databases, and collaborative workgroup systems, that is, applicativs this knowledge management. An ontology of aesthetic aspects in
domains where human communication and knowledge sharing capbesign would provide the right tool to integrate software tools like
be empowered by aesthetic judgements that are transparent for thgebCADETO or FIORES, in practical cases, and form the base for
user, and that can be made fully explicit, modifiable, quotable andhe construction of a aesthetics-aware Semantic Web.



The paper is organized as follows. Section 2 provides reference tearious papers [19, 13, 12, 32].

the related work, and Section 3 introduces terminology. Section 4 The notion of aesthetic canon is historically referred to classic ar-
introduces the general model we have studied. Section 5 makes sorakitecture theory, and to the Science of Beauty so common in the
conclusions and sketches further work. XIX century. The current term, especially in industrial applications,
including Fashion, istyle For a contemporary analysis of the nature
of style from the Design point of view see [7, 26]. In particular in

2 Previous work [16, 6, 15] readers may find mathematical approaches to the problem

The notion of aesthetics as a conceptual category has been consRf-the representation of styles. ) _

ered as formal since the fundamental analyses of Immanuel Kant A Sty should identify the nature of an organic but simultaneously

[20]. However, the first deep attempt to embed Kant's approach intglisseminated coherence. This is a difficult concept to be captured by

a sociological theory can be attributed to Bourdieu [3]. traditional top-level ontologies. Foundational issues are provided in
[3] contains not only references to various philosophical, linguis-[21] from a semiotic point of view, and in [7] from the point of view

tic and proto-sociological investigations stressing formal difficulties®f design studies. _ )

in the applicability of Kant's approach, but also direct criticisms of ~R€cently an investigation has been carried out which attempted to

the approach per se. Bourdieu introduces the noticelitsd, whose app_ly the prlnc!ple'_s of collective cr_e_a_tlve design to thg real world ob-

members perform the activity of imposing their taste choices on thd2ining an application for such activities that was designed for stand-

mass individuals. Elites impose their tastes on the community as 8/0n€ users initially [28], and further for the use on the Web [S].

way to distinguish themselves from the mass of individuals. Their>imilar problems are solved in a more general case, including gen-

choices tend to be imitated by the mass individuals for the simpléral design (not only aesthetic one) and based on a formal theory of

reason that elite individuals also label mass individuals with judg-component[4]. _ _ _

ments of “good taste” which is a socially desirable attribute. This What is missing in the above mentioned literature feranaliza-

theory has the name of Theory of Distinction. tion of the conceptualizations proposed, in Gruber's terms, an on-
The Theory of Distinction violates in a direct way the basic no- {0109y [18]. The rest of this paper is devoted to provide a first or-

tion of aesthetic judgment as proposed in Kant's theory, which jder theory of aesthetlgjud_gments that mcqrpqrates Bourdleu_’s social

supposed to be disinterested. In particular, Kant defines taste as tHe°del of taste formation in terms of Distinction between elite and

exercise of judgment relative to the delight obtained by the relatiofn@ss individuals, and the notion of aesthetic property as one of the
with the object. There are three kinds of delight: theight in the fundamental notions to provide formal models of taste. We are con-

agreeable the delight in the goodand thedelight in the beautiful vinced that_such_atheory will provide the basis for.a _complete model
Only the latter is disinterested, being the first driven by the desiréf the way in which humans reason about aesthetic judgments.

of satisfying the senses, and the second looking for approval by the AN attempt to provide guidelines for affordable interlaced ap-
community, being driven by the desire for others’ esteem. Howeverf)_roaCh betwggn Artificial Intelllgencg and Aesthetics has been_car-
some further observations on the original Bourdieu theory are im!i€d out by Williams [34]. However this author focused on the notion
portant, as in particular observed in [35]. One major point is that the®f SUrPrise, which is which is interesting but not exhaustive.
belonging to an elite is not a static property of individuals, but is W& eémploy the general methodological recommendations sug-

instead determined by the approval that the taste of that individug#€Sted by Cocchiarella [8], and we superimpose, in particular, Oc-
receives by the community. cam’s razor, following the indications of Uschold and Gruninger

A very interesting application domain of aesthetic judgments’ the-125]- More generally speaking we shall formalize the theory under
ories is Fashion. The most cited paper in the field is Simmel's work>0Wa's schema [31]. Our commitment is to minimize the number of
[30]. For more recent investigation reports and deep literature analyPrimitives for the theory and to employ axioms which denote all the
sis interested readers may refer to [17] for a sociological perspectivifiténded models that represent our desiderata.

and to the work of Corneo and Jeanne [10] for a more specific eco- An important aspect of applications of artificial intelligence to var-
nomic analysis. ious artistic contexts is the support to creativity by means of percep-

There are cases ahconsciouspplication of the above mentioned U@l emulation. For instance in Computer Music or Computer Graph-
sociological theory to collaborative creative design [6], though thisiCS We often find models based upon the Gestalt Psychology, a theory
model does not explicitly refer either to the theoretical framework orfounded on the principle that humans consistently choose the sim-
to its foundational issues. However one case of intentional applicaP/€St between the possible cognitive models which are compatible
tion of the above cited theory exists in the computer science theor{ith the current sensory perception. For a general reference see [24].
and concerns digital libraries [29]. In this paper the Theory of Dis-
tinct.io.n is gmp!oyed directly to mode! the social .bfe.havior of thg usersy Terminology and definitions
of digital libraries and to settle the different activities and privileges
of those users. The theory we present is First-Order, with a signature formed

Though Kant’s theory is commonly evaluated as one of the mosby variables that we denote with lowercase Latin letters like
relevant basic analysis of the notion of aesthetic judgments, and thé needed with indicespredicates that we denote by uppercase
sociological theory of aesthetics of Bourdieu is generally acknowl-sans serif letters;onnectivesquantifiersand parenthesess usual.
edged as a well-focused and very neat point of view others have stuéreek lowercase letters are used for formulae, functions and con-
ied the aesthetic problem from a point of view rather different, em-stants. The scope of a quantifier is determined by square brack-
ploying the language of Bourdieu, from the point of view of an elite, ets; we systematically avoid unnecessary explicit quantifications;
as in semiotics studies such as [21]. therefore, the formula(z) meansvz[¢(x)]. Sequences of quan-

The analysis of the specific language of aesthetic communitiedifications 3z;3z2 ... 3z, or Va1V ...V, are synthesized in
elites in particular, and of creativity as the fundamental aspect o8z, x2, ...z, and Vi, xs,...x, respectively. Axioms are pro-
elite definition, specifically in the context of Design, can be found invided in lines starting wittA. followed by a counter (unique in the



paper), and definitions in lines starting wEh again followed by an 4.1 The expression of judgments in social terms
unique counter.
We assume the basic axioms for classic deductive calculi. The inThe purpose of the axiomatization presented in this section is to pro-
ference rules are Natural Deduction and Generalization. vide a formal theory of aesthetic judgment which constitutes a for-
We employ five axiomatic sortal predicates used for defining themajization of the portion of Bourdieu’s Theory that defines the re-
types ofindividuals (), its subtypeelite-individuals(E), the type |ation between elites and mass individuals. The first axiom provides

physical objectq0), the typeproperties(Pr) and the typevalues  constraints to the sorts of the arguments of the predBate
(V). One more sortal for mass individuals is defined based on the

sortalsl andE. Conceptually, an individual is able to express judg- ~-> B(:0) = 1() A O(0)
ments only about physical objects, and we mean physical objectéd/e may now provide a definition of good taste, as the coherence
to be distinct from individuals The reification of properties needs with one vision of the world by an elite individual, and a notion of
an attribution predicatd, that relates a propertyand an object,  good taste of a single individual. The predic&é, j) means that
so thatA(p, o) represents the predicatigiio). The predicatéd can  the individuali believes that the individual has good taste. The
also relate triples formed by a property, an object amdlaeas in  predicateG(i) means that the individualhas good taste.
A(p, o,_v) whose meaning is that the propemh_as the valuey for . D.2G(i,5) Zaes B(j,0) — B(4,0)
the objecb. We do not settle types for the possible values. In Section
4 we presuppose the existence of the tyga@ numbers D.3G(j) =aey FH[E(G) A G(3, )]

The fundamental sortal axioms are in below. The operateep- A pasic requirement for good taste judgment is the assertion that
resents .the exclusive or Ioglca] operation. The fII’SF axiom Ste}te%very individual believes to have good taste.
that defined types are incompatible. The second axiom establishes

that the sortaE identifies a subset of the objects identified by the A6 G(i,1)
sortall. By the above definitions along with axiom 4.1 every elite individual
All(x) ® O(z) @ Pr(z) ® V(z) has good taste.

A2E(z) — l(x)
The notion ofmass-individua{M) as an individual notinthe eliteis 4 2  Aesthetic criteria
provided by the definition below.

D.1M(z) =des I(z) A —E() The basic theory of judgment is expressed in social terms by the
The attribution of properties b# both in binary and in ternary ver- above defined predicate formalization. This is only the evaluation
sions requires constraints to the sorts of the arguments. part of the expression of an aesthetic judgment. The description part
A3 A(p,0) — Pr(p) A O(0) is still missing. o ' _ _ _ _

Such a description will be provided by introducing the notion of
A.4 A(p,0,v) — Pr(p) A O(0) AV(v) style Essentially a style is amesthetic similarity, that has its natural
We also employ the basic relation léautiful(B), defined between  expression, using Lakoff's terminology [22], irradial category
individuals and objects. BB(:, o) we denote that believes thab is A radial category is different from a class in the meaning in which
beautiful. this term is intended in Knowledge Representation. The strict quali-

In Section 4 we introduce some basic axioms constraining the befication of a class is the existence of a single equivalence relation that
havior of B, relatively to the use by elite individuals. We moreover defines the class in extensional terms, whose intensional counterpart
specify a defined predicag@od-tast€G) attributed by elite individ- s a list of propertiesthe elements of the class have in common.
uals to individuals. One fundamental desideratum we propose here is In a radial category, the extensional structure is identical, but the

that every elite individual has good taste. description at the intensional level is rather different. A radial cat-
egory can be viewed as a graph in whiclpratotypeis similar to
4 A general theory of aesthetic judgment other objects in one sense, and these objects are similar to other ob-

jects as well. Each step in the graph is justified by the sharing of a set
In this section we shall provide an analysis of the content of an aesgf properties (or of the values of a shared property). However, two
thetic judgment in three steps. In Subsection 4.1 we exploit the Bourppjects that are similar to the prototype do not necessarily share the
dieu’s theory of Distinction in formal terms (for the part regarding the same properties with each other. This representation can take place
expression of judgments as a social fact); in Subsection 4.2 we depigimong single objects, or among categories.
the notion of judgment as a descriptive step, and finally in Subsec- There are several proposals for employing such categories in rea-
tion 4.3 we formalize the relation between these two aSpectS of thgoning, from the point of view of description |Ogic a good reference
expression of an aesthetic judgnent is [14], and similarly [23] approached the problem from the point of

1 Humans can express judgments regarding each other, but these kinds \6IIBW of the representation of vagueness. What we need for our model

judgments will not be considered in this first analysis for the sake of sim-IS @ simple notion of prototype, axiomatized by the predidzite
plicity. The aspects involved in such judgments are many and of many difand the relation of aesthetic similari§s. The expressioRT (z, y)
ferent kinds, including constraints due to social aspects. The expression ¢faans that is a prototype for, and the expressiodS(z, y) mean
judgments among individuals is a matter of further investigations. . . -y

2 The introduction of criteria does not aim at deploying an objectivity com- thata is aesthetically similar tg.
mitment with respect to aesthetics, which is totally against an approach N N 4
la Bourdier. Indeed our point here is to model appropriately the basic re?!\'7 PT(@,y) = [ #y — AS(z,y) A =PT(y, 2)]
sults of psychological research in perception, which have strongly stressed
the commitment to harmony and symmetry as natural constraints of object Two aesthetically similar objects tend to get the same kind of judgment
classified as beautiful by humans. The distinction here is betwatnal from the elite population, so a style results defined as an aesthetic similarity
beautyandtastewhich is a product of the social environment. exactly because similar things are approved by the elite.




Aesthetic similarity is the sharing of aesthetic propeftighere exist
two basic properties of predicates that set up their aesthetic nature,

in our model:harmonyandsymmetry.
An unary predicate is harmoniousvhen it implies that two mea-
sures of the objects predicated pgre in golden proportion. Such a

definition is vague and generic, since, in general, it is easy to find a
pair of measures of a given physical object that are in golden propor-
tion. However, the purpose of the axiomatic theory we present here is
not to provide a complete model, but conversely a general one, which
can be customized in order to capture specific needs of people usinge are now able to provide an axiom for aesthetic similarity.
the system for representing peculiar aspects of a given domain. A 19 AS(o1,02) — p[A(p,01) A A, 02) A (H(p) V S(p))]

The property of harmony is established by means of the operato'\r/| | theti " be defined f imol
H. We provide axioms for this in below. The constantepresents ore complex aesinelic properties can be defined irom Simpler ones

. S wn mic properties), by means of "semiotic” composition op-
the golden sectlonl(%).Ameasure of an object is a propefty (down to atomic properties), by means of "semiotic” composition op

With two arguments: andv. meaning that the real numbet is the erators, denoting relations of iconic reference, indexical references,
9 v ing S . symbolic references, metaphoric relations, metonymic relations, and
value of the measurg for the objecto. The division operatoy is

implemented in the obvious manner SO on. Atomic properties appear _to be tightly tied to specific biolog-

) ical features of the human cognition system, whereas complex prop-
A8 H(p) < [Alp,o) — Fpi,p2,v1,v2[A(u1,0,01) A erties can be used to model more indirect, culturally and socially
A(p2,0,v2) A (v1/v2) = 7] constructed tastes.
The semantic nature of the chosen measures is not explicitly stated in
the above axiom, and relies on the correct choice of measures, whic£| 3 Modelli c
is left to the user of the system. : odelling Lanons

For instance, the shapes of Figure 1 are in golden proportion bas§fitively a canon is a class of objects that the elite individuals con-
on the correct choices of measures as expressed in the picture.  gjger peautiful. When an elite settles a canon, the members of the
elite will establish: a single prototype; a radial category, based on the
| definition of the pairs formed by the prototype and the objects related
0,618

Figure 2. Three symmetric shapes.

to it’; the properties which relate in terms of aesthetic similarity the
prototype to the other members of the radial category.

1,000 1,000 We introduce a definition of the unary opera@an which estab-
- - lishes the existence of a single prototype (we shall make use of the
m |Om m quantifierdmeaning there is one and only one), and of the aesthetic

' similarity. The expressiof (o) means thab is a canon. A canon is
an object.
Figure 1. Four shapes in golden proportion. D.4 C(0) =des Eo’[PT(o’, 0)] A Vi, o”[E(i) A p-|-(0/7 0//) N

A unary predicatep is symmetricwhen it implies that at least two B(i,0")]
supplementary parts of the objects predicated@ughlycongruent  The above defined relation is not the “establishment” of a canon,
(RC). Congruence is well defined in spatial reasoning, as in, for in-namely does not represent the very interesting event of the birth of a
stance [2, 11]. In particular, in [2] there is an explicit axiomatization style. For doing such a representation we need an explicit represen-
of a notion of rough congruence we can employ directly. The exprestation of time, which is worth studying in further work.
sionRC(z, y) means that is roughly congruent tg.

We also employ a mereology, by means of the prediPatehich .
is supposed to be axiomatized in the form of the Region Connecti0|$ Conclusions and further work
Calculus [27, 33, 9]. AgaifP(x, y) means that is a part ofy.

We also assume the weak supplementation principle (every regi
r has two parts whose union ig. The operatosS is used for stat-
ing symmetry of a property. The sum operat8iJM) is binary and
computes the supplementation of the two objects.

The notions we employ here do not take in account several aspects
%fhich can contribute to the expressivity of the system.

Awfulness: in our model objects are specified as beautiful, but there

is no predicate for stating that an object is awful. The beautiful
A9 S(p) « [A(p,o) — Foi,02[P(01,0) A P(02,0) A and awful objects do not cover entirely the domain, anyhow, since
SUM(o1,02) = 0 ARC(o1, 02)]] it is possible that some objects are neither beautiful nor awful;
For instance, the shapes of Figure 2 are symmetric, in the sense thaizzyness: judgments of taste argot crisp. We use expressions
two parts of them are roughly congruent. Multiple symmetry is ob- like rather nice, not so bad, acceptable, masterpiece, horrible;
tained by repeated application of the above axiom. Attribution of specific aesthetic qualities: we employ expressions

that are different from the simple judgment. We say surprising,

4 The relation of prototype, along with the aesthetic similarity provides a

; ) > > S0 i original, innovative, amazing, interesting, boring, unaffordable,
model of radial categoriea la Lakoff. The axiomatization of Aesthetic . h ible. Th ) f1h ib . h stud
Similarity is left to further work, but in general we can state that this is  INcomprehensible. The meaning of these attributes is worth study-

an equivalence relation. ing, and not captured by the notions introduced here;
5 The limitation to such particular properties might be debatable, and only
has to be considered as a first stage in this investigation. 7 We provide here only first-step radiality. The implementation of second-

6 Tarski’s theory of Real Numbers is First-Order, and can be employed in our step radiality requires choices about the notion of prototype which have
axiomatization. been discussed in [22].



Notion of Bad Taste: Individuals classify others based on judg- [8]
ments of good, but also judgments of bad taste. This is complex
matter, involving, special things that one person thinks st 9]
believe to be beautiful for being of good taste, things tzatnot
be retained beautiful for being of good taste;

Competition: Elite individuals compete in the arena of good taste[10]
formation, while in the current model we simply have individuals
in a generic elite. The notion @ommunitywithin an elite should
be captured;

Dynamism: Time is central in the notion of aesthetics and also in[12]
the conceptualization of elite cooptation and expulsion. People of
good taste tend to enter open elite communities and individuals ctfls]
bad taste tend to exit them. Moreover people can change aesthetic
judgments, probably even easier than they do for other kinds qfi4]
evaluations;

Elite differentiation: There are various ways in which an individual
belongs to a community. People may have soiglet of being in [15]
the elite, and certain elite communities may have entrance and exit
barriers. [16]

[11]

There are several ways in which this research can be taken furthxﬂﬂ
First of all we may look for more specific, more refined or more ;g
complete models of aesthetic knowledge. We then are interested in
evaluating the performance of these systems, including the one prg9]
sented here, for reasoning. Finally we are interested in deploying an
experimental evaluation of the ontology in practical domains, in par-[20]
ticular Design and Fashion. Currently all the above mentioned pat}pl]
have been started and show promising preliminary results.

[22]
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