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Introduction

Firscheinetal. [1] describe some products
that can be expected to result from research in
artificial intelligence. One of these products is
"creation and valuation systems" which they
describe as computer systems ‘"capable of creative
work in such areas as music, art (painting,
sculpture,architecture),literature (essays,
novels, poetry), and mathematics, and able to
evaluate the work of humans" (and presumably the
work of other "creation systems"). "Creation" and
"valuation" in the arts are discussed traditionally
in terms of "design" and "criticism". In this
paper, we review some of the work we have done to
provide a basis for the development of systems
(algorithms) capable of doing design and criticism

in  the arts.
The goals of our research include:
(1) The development of a simple, basic structure

for criticism algorithms and design
algorithms in the arts.

(2) The investigation of traditional issues and
approaches 1in aesthetics and art theory in
terms of this structure.

(3) The development of specific criticism
algorithms and design algorithms for
restrictedart forms.

This paper 1s concerned mainly with our work
on goal (1). An overview of the basic structure
developed for criticism and design algorithms 1is
presented. Preliminary work on goal (2) 1is
reported in [2-5]. Issues in aesthetics and art
theory that are being investigated in terms of the
developed structure for criticism and design
algorithms include - the definition of "work of
art"; different ways of understanding objects as
works of art: notions of "form and content",
"representation", and "expression"; different ways
of evaluating objects as works of art: notions of
"unity and variety"; problems of copies, multiple
performances, forgeries; found objects. Important
parts of specific criticismalgorithms and design
algorithms (work on goal (3)) for number sequences
and for non-representational, geometric paintings
having generative specifications [6] have been
developed. Work on number sequences can be found
in [2,5]; work on paintings can be found in [2-5).
A comprehensive treatment of our work on aesthetics
Is expected to appear in [7] .
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Criticism and Design

The task of criticism algorithms is taken to
be the production of a statement of how a given
object 1s interpreted and evaluated as a work of
art. The task of design algorithms 1s taken to be
the production of an object as a work of art in
response to some specified initial conditions. The
overall structure postulated for criticisnm
algorithms Is given in Figure la, for design
algorithms in Figure 1b. (For an interesting,
early, but neglected discussion of systems with
receptors, internal'reasoning'components, and
effectors as models of thought processes see [8].)

CriticismAlgorithms

The schema for criticismalgorithms given in
Figure la consists of:

(1) 2An object as a possible work of art. Here the
notion of "object" 1s used in its widest
possible sense to include, for example,
musical or theatrical performances as well as
paintings or novels.

(2) A receptor consisting of a sensory input
transducer (shown schematically by an "eye")
and linked algorithm. For example, a possible
receptor for music is described in [9],

(3) The output of the receptor: a description,
X A, of the object. For example, for music,
drama, literature, or architecture, A could
resemble the score, script, text, or plan.

(4) An aesthetic system, an algorithmic
specification of the viewpoint or knowledge
used in some approach to art. The aesthetic
system encodes the conventions and criteria
needed for the determination of whether an
object 1s considered a work of art and if so
how i1t can be interpreted and evaluated as a
work of art. The structure of aesthetic
systems is described in & subsequent section.

(5) An analysis algorithm. The analysis algorithm
uses the knowledge encoded in the aesthetic
system to interpret and evaluate the object as
a work of art (1f possible). The task of the
analysis algorithm is described more precisely
in a subsequent section.

(6) The output of the analysis algorithm: the
Interpretation and evaluation of the object
as a work of art.
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(7) An effector consisting of a transducer (shown (4)
schematically by "hands") and [inked algorithm (5)
(8) A statement of how the object is interpreted
and eval uated as a work of art.
Design Al gorithms
The schema f or design al gorithms givenin
Figure Ib consists of: (5)
(1) Sone initial conditions, e.g., a person whose
portrait is to be painted or the injunction
"Wite nusic for the royal water-party between
Whitehal | and Limehouse to be held on (7)
August 22, 1715."
(2) A receptor consisting of a sensory input (8)
transducer (shown schematically by an"eye")
and |inked algorithm
(3) The output of the receptor: a specification

of the initial conditions.
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The overall structure for design algorithms.

An aesthetic systemas in criticismalgorithms,

A synthesis algorithm  The synthesis

al gorithmuses the know edge encoded in the
aesthetic system to construct the description
of the best possible object which satisfies
the initial conditions. The task of the
synthesis algorithm is described more precisely

in a subsequent section.

The output of the synthesis algorithm  the
intended description, A , of the work of
art tobe produced.

An effector consisting of a transducer (shown

schematically by "hands") and [inked algorithm
The object produced by the effector. This
object isthe work of art produced by the
design algorithm
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alporithm A which defineg the set of interpretations
Ii, the reference decision algoritim R, the evaluation
algorithm E, and the evaluation comparison algerithm C,

Approaches in Criticismand Design

Criticismand design in the arts can be done in
many different ways. The variety of actual
approaches i n criticismis apparent when two
different observersinterpret and evaluate t he sane
object as a work of art In two different ways. For
exanpl e, consider the disparity anong opening night
reviews of a given Broadway play.  The variety of
actual approaches in design is apparent when two
different artists produce two different objects as
works of art i nresponse to identical initial
conditions.  For exanple, consider the disparity
bet ween the comm ssioned portraits of L.B.J.

The ai mof our work is not to produce any
single, authoritative criticismalgorithmor design
algorithm as we consider any approach to art
legitimate. Rather, we postulate a structure for
criticismalgorithms and design algorithms in which
a variety of approaches to art can be represented.
The practice of criticismand design in the arts
can be done i n many different ways and still be
model [ed using the postulated structure for
criticism algorithms and design algorithms.
Different approaches in criticism or design mght
result in differences in any of the components of
criticismalgorithms or design algorithms.  For
exanple, aesthetic systems corresponding to
several different approaches to non-
representational, geometric paintings have been
suggested [4,5]. Each of these aesthetic systems
woul d encode different conventions and criteria
for Interpreting and evaluating paintings as works
of art. The Interpretation of a painting using
one of these aesthetic systems would be done in
terms of the shapes In the painting, using a second
In terms of the colors in the painting, using a
third in terms of the associations attached to the
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painting, etc. O course, there can be many
different aesthetic systems allowing for the
interpretation of paintings in terms of shape,
color, or associations. Similarly, the evaluation
of a Bainting using one of these aesthetic systems
woul d be done Inavariety of different ways. If
these aesthetic systems were used incriticism
algorithms, different statements of how a given
painting is interpreted and evaluated would be
produced. |If these aesthetic systems were used in
dealgn algorithms, different paintings would be
produced I n response t o sone given Initial
conditions. None of these aesthetic systems Is
taken to be definitive. Again, any approach to art
Is considered legitimate. Qu interest is in
investigating t he many possible approaches t o art
In a uniform way.

Aest hetic Systens

The key conponent in both criticism algorithms
and design algorithms |s an aesthetic system
Recal | that an aesthetic system is an algorithmic
specification of the viewpoint or know edge used in
sone approach to art. Anaesthetic systemencodes
the conventions and criteria needed for the
determnation of whether an object is considered a
work of art and if so, how It can he interpreted

and eval uated as a work of art.

An aesthetic system consists of four
algorithms': an algorithm A which defines a set of
interpretations |. , a reference decision

algorithm R , an evaluation algorithm E , and
an evaluation comparison algorithm C  (see Figure
2).  Here we are not concerned with the internal
structure of these algorithms but rather with the
characteristics and inter-relationships of their
Inputs and outputs.



The algorithm A in an aesthetic system

defines the set of interpretations |. . The set
A
of Interpretations |, consists of all input-
A
output pairs <a,B> for the algorithm A (see
Figure 2). Aninterpretationin the set . s a

possi bl e way of understanding sone object as a
work of art using the viewpoint or know edge
specified by the aesthetic system For examle,
one component of aninterpretation my be a
description A of an object and the other

conponent may be a specification of how that
descriptionis construed. The case where the
output  component, B , of aninterpretationis a

description of an object
paradigm for the study of "form' or "Internal
coherence" in the arts. The case where the input
component, a , of an Interpretation is a
description of an obJ'ect provides an interestin?
paradigm for the stuay of "content" or "externa
evocations" In the arts.[4,5]

provides an Interesting

Whether aninterpretationrefers to an object,
|.e. is an Interpretation of an object. Is
determned by the reference decision algorithm R
in an aesthetic system (see Figure 2).  The input
to the reference decision algorithm is an inter-
pretation in the set | and the description A

A
of an object. The output of the reference decision
algorithm R [Indicates whether the interpretation
refers to an object having the description |\

The set of Interpretations . and the

reference decision algorithm R provide the basis
for determning whether an object I's awork of art
for sone aesthetic system An object Is a work of
art for an aesthetic system if and only if there is
an Interpretation In the set . which refers to

the object using the reference decision algorithm
R . W believe this definition of work of art has
| mportant implications for a variety of current

|ssues in aesthetics and art theory [7].

It mst be stressed that a given object my
be considered a work of art using one aesthetic
system and may not be considered a work of art

using a second aesthetic system Further, when an
object is considered a work of art using two
different aesthetic systems, its interpretation

and evaluation in each of these systems may be
quitedifferent

Aesthetic value is determned by the
evaluation algorithm E .  The evaluation
al gorithm assigns an aesthetic value to each
interpretation n the set I, (see Figure 2).
Hw an object is evaluated as a work of art depends
on how the object is interpreted as a work of art.
An interesting evaluation algorithm has been
defined in terms of the relative lengths of the
conponents of an interpretation. This evaluation
al gorithm provides a paradigm for the study of
“unity and variety" In the arts and can be
characterized In terms of algorithmc information
theory [10]. These topics are explored In [2-5].
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The relative merit of two aesthetic values Is
determned by the evaluation conparison algorithm
C. Qe interpretation is aesthetically superior
to a second interpretation in an aesthetic system
when the aesthetic value assigned the first
Interpretation is determned by the evaluation
conparison algorithm to be superior to the
aesthetic value assigned to the second inter-
pretation. An interesting issue is whether the
eval uation conparison algorithm should be an order
[11] and if so, whether it should be total or
partial [7].

Specific aesthetic systems are being developed
f or nunber sequences [2,5] and f or non-

representational, geometric paintings [2-5]. The
conputer rrYJIementation of I'mportant parts of a

fully developed aesthetic system for painting is
described in [A]. Additionally, some traditional

aesthetic viewpoints for s variety of art forms are
being examned in terms of aesthetic systems.

Analysis and Synthesis Algorithms

Inacriticismalgorithm an analysis
algorithm is used in conjunction with an sesthetic
system to specify how an object having description
X s interEreted and evaluated as a work of art
(see Figure la). The task of an analysis algorithm
I's to find the best way to interpret the object as
awrk of art. For a given aesthetic system the

task of an analysis algorithmis to find the inter-
pretation In the set |, which refers, using the
A

reference decision algorithm R , to the object
having the description X and which is assigned an
aesthetic value by the evaluation algorithm £
which is maximal in the sense of the evslustion
comparison algorithm C . The interpretation found
by the analysis algorithm is the best wy to under-

stand the object having the description X in terms
of the viewpoint or knowedge specified by the
aesthetic system

In a design algorithm a synthesis algorithm
I's used In conJunction with an aesthetic system to
construct the description of a work of art (object)
satisfying the given initial conditions (see Figure
| b). The task of a synthesis algorithmis to
construct the description of the best possible work
of art which satisfies the initial conditions. For
a given aesthetic system the task of a synthesis
algorithmis to find a description X of an object
for which (1) the specified initial conditions are
satisfied and (2) there is an interpretation in the
set I. which would refer, using the reference
decision algorithm R , to the object and which is
assigned an aesthetic value by the evaluation
al gorithm E which is maximal in the aense of the
evaluation comparison algorithm C . The descriptioi
found by the synthesis algorithm specifies the bhest
work of art, in terms of the viewpoint or know edge
given by the aesthetic system that satisfies the
Initial conditions.



Special purpose analysis algorithms and
synthesis algorithms have been Investigated.
Analysis algorithms have been studied for use in
conjunction with restricted types of aesthetic
systems. Heuristic search methods have been
suggested for synthesis algorithms to be wused in
conjunction with the aesthetic system developed for
paintings having generative specifications [2,4,5].

Problems and Prospects

The problem of constructing particular
criticismalgorithms and design algorithms can be
extremelydi fficult. Theprocessof criticizing
or designing a work of art my be very complicated
and can involve a full range of mental abilities.
The ability to specify a criticismalgorithm or a

design algorithm my well presuppose the ability to
formalize a wide range of perceptual and cognitive
skills and a wide range of knowl edge. For example,

acriticismalgorithmwhich allows for the
interpretation and evaluation of Raphael's School
of Athens may involve the ability to recognize
painted shapes as people, the ability to recognize
those people as representations of Greek
philosophers as well as portraits of Italian
artists of the 15th and 16th centuries, the ability
to associate these people Into groups in terms of
their philosophical points of view as Greek
philosophers as well as their spatial locationin
the painting, the ability to relate the painting
as part of art history, the ability to relate the
|deas associated with the painting with the ideas
i n sone cultural context, the ability to identify
the emotions evoked hy the various aspects of the
painting, among many. Formalizing even t he first
of theseabilitieswouldbeanextremelydifficult
task at the present time.

In [1], "creation and valuation systems" were
predicted to he one of the last artificial
intelligence products to be developed. This
prediction seens well-founded i nlight of the
difficulties involved in the specification of
particular criticismalgorithms and design
algorithms and the need to include a wide variety
of other artificial intelligence products in this
specification. Qu hope is that our work provides
a productive first step toward the goal of
developing "creation and valuation systems" as well
as the basis for better understanding general
questions of aesthetics and art theory.
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