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I n t r o d u c t i o n 

F i r s c h e i n e t a l . [ 1 ] d e s c r i b e some p r o d u c t s 
t h a t can b e expected t o r e s u l t from r e s e a r c h i n 
a r t i f i c i a l i n t e l l i g e n c e . One o f these p r o d u c t s i s 
" c r e a t i o n and v a l u a t i o n systems" which they 
d e s c r i b e as computer systems "capable of c r e a t i v e 
work i n such areas a s music, a r t ( p a i n t i n g , 
s c u l p t u r e , a r c h i t e c t u r e ) , l i t e r a t u r e (essays, 
n o v e l s , p o e t r y ) , and mathematics, and a b l e to 
e v a l u a t e the work of humans" (and presumably the 
work of o t h e r " c r e a t i o n systems"). " C r e a t i o n " and 
" v a l u a t i o n " i n the a r t s are discussed t r a d i t i o n a l l y 
i n terms o f " d e s i g n " and " c r i t i c i s m " . I n t h i s 
paper, we r e v i e w some of the work we have done to 
p r o v i d e a b a s i s f o r the development of systems 
( a l g o r i t h m s ) capable o f d o i n g d e s i g n and c r i t i c i s m 
in th e a r t s . 

The g o a l s of our r e s e a r c h i n c l u d e : 

(1) The development of a s i m p l e , b a s i c s t r u c t u r e 
f o r c r i t i c i s m a l g o r i t h m s and d e s i g n 
a l g o r i t h m s i n the a r t s . 

(2) The i n v e s t i g a t i o n o f t r a d i t i o n a l i s s u e s and 
approaches i n a e s t h e t i c s and a r t t h e o r y i n 
terms o f t h i s s t r u c t u r e . 

(3) The development o f s p e c i f i c c r i t i c i s m 
a l g o r i t h m s and d e s i g n a l g o r i t h m s f o r 
r e s t r i c t e d a r t forms. 

T h i s paper i s concerned m a i n l y w i t h our work 
on g o a l ( 1 ) . An overview of the b a s i c s t r u c t u r e 
developed f o r c r i t i c i s m and d e s i g n a l g o r i t h m s i s 
p r e s e n t e d . P r e l i m i n a r y work o n g o a l (2) i s 
r e p o r t e d i n [ 2 - 5 ] . Issues i n a e s t h e t i c s and a r t 
t h e o r y t h a t are b e i n g i n v e s t i g a t e d i n terms o f the 
developed s t r u c t u r e f o r c r i t i c i s m and d e s i g n 
a l g o r i t h m s i n c l u d e - the d e f i n i t i o n of "work of 
a r t " ; d i f f e r e n t ways o f u n d e r s t a n d i n g o b j e c t s a s 
works o f a r t : n o t i o n s o f "form and c o n t e n t " , 
" r e p r e s e n t a t i o n " , and " e x p r e s s i o n " ; d i f f e r e n t ways 
o f e v a l u a t i n g o b j e c t s a s works o f a r t : n o t i o n s o f 
" u n i t y and v a r i e t y " ; problems o f c o p i e s , m u l t i p l e 
performances, f o r g e r i e s ; found o b j e c t s . I m p o r t a n t 
p a r t s o f s p e c i f i c c r i t i c i s m a l g o r i t h m s and design 
a l g o r i t h m s (work on g o a l ( 3 ) ) f o r number sequences 
and f o r n o n - r e p r e s e n t a t i o n a l , geometric p a i n t i n g s 
h a v i n g g e n e r a t i v e s p e c i f i c a t i o n s [ 6 ] have been 
developed. Work on number sequences can be found 
in [ 2 , 5 ] ; work o n p a i n t i n g s can b e found i n [ 2 - 5 ) . 
A comprehensive t r e a t m e n t of our work on a e s t h e t i c s 
I s expected t o appear i n [ 7 ] . 

C r i t i c i s m and Design 

The t a s k o f c r i t i c i s m a l g o r i t h m s i s t a k e n t o 
be the p r o d u c t i o n of a statement of how a g i v e n 
o b j e c t is i n t e r p r e t e d and e v a l u a t e d as a work of 
a r t . The t a s k o f design a l g o r i t h m s i s taken t o b e 
t h e p r o d u c t i o n of an o b j e c t as a work of a r t in 
response t o some s p e c i f i e d i n i t i a l c o n d i t i o n s . The 
o v e r a l l s t r u c t u r e p o s t u l a t e d f o r c r i t i c i s m 
a l g o r i t h m s I s g i v e n i n Figure l a , f o r d e s i g n 
a l g o r i t h m s i n F i g u r e l b . (For a n i n t e r e s t i n g , 
e a r l y , but n e g l e c t e d d i s c u s s i o n o f systems w i t h 
r e c e p t o r s , i n t e r n a l ' r e a s o n i n g ' c o m p o n e n t s , and 
e f f e c t o r s as models of thought processes see [ 8 ] . ) 

C r i t i c i s m A l g o r i t h m s 

The schema f o r c r i t i c i s m a l g o r i t h m s g i v e n i n 

F i g u r e l a c o n s i s t s o f : 

(1) An o b j e c t as a p o s s i b l e work of a r t . Here t h e 
n o t i o n o f " o b j e c t " i s used i n i t s w i d e s t 
p o s s i b l e sense t o i n c l u d e , f o r example, 
m u s i c a l o r t h e a t r i c a l performances a s w e l l a s 
p a i n t i n g s o r n o v e l s . 

(2) A r e c e p t o r c o n s i s t i n g of a sensory i n p u t 
t r a n s d u c e r (shown s c h e m a t i c a l l y by an "eye") 
and l i n k e d a l g o r i t h m . For example, a p o s s i b l e 
r e c e p t o r f o r music i s d e s c r i b e d i n [ 9 ] , 

(3) The o u t p u t of t h e r e c e p t o r : a d e s c r i p t i o n , 
X λ, of t h e o b j e c t . For example, f o r music, 
drama, l i t e r a t u r e , o r a r c h i t e c t u r e , λ c o u l d 
resemble the s c o r e , s c r i p t , t e x t , o r p l a n . 

(4) An a e s t h e t i c system, an a l g o r i t h m i c 
s p e c i f i c a t i o n o f the v i e w p o i n t o r knowledge 
used in some approach to a r t . The a e s t h e t i c 
system encodes the conventions and c r i t e r i a 
needed f o r the d e t e r m i n a t i o n of whether an 
o b j e c t i s c o n s i d e r e d a work o f a r t and i f s o 
how it can be i n t e r p r e t e d and e v a l u a t e d as a 
work o f a r t . The s t r u c t u r e o f a e s t h e t i c 
systems i s d e s c r i b e d i n a subsequent s e c t i o n . 

(5) A n a n a l y s i s a l g o r i t h m . The a n a l y s i s a l g o r i t h m 
uses t h e knowledge encoded in the a e s t h e t i c 
system t o i n t e r p r e t and e v a l u a t e the o b j e c t a s 
a work o f a r t ( i f p o s s i b l e ) . The t a s k o f t h e 
a n a l y s i s a l g o r i t h m i s d e s c r i b e d more p r e c i s e l y 
in a subsequent s e c t i o n . 

(6) The o u t p u t o f the a n a l y s i s a l g o r i t h m : t h e 
I n t e r p r e t a t i o n and e v a l u a t i o n o f the o b j e c t 
as a work of a r t . 
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(7) An e f f e c t o r c o n s i s t i n g of a transducer (shown 
schematically by "hands") and l i n k e d algorithm, 

(8) A statement of how the object is i n t e r p r e t e d 
and evaluated as a work of a r t . 

Design Algorithms 

The schema f o r design algorithms given in 
Figure l b consists o f : 

(1) Some i n i t i a l c o n d i t i o n s , e.g., a person whose 
p o r t r a i t is to be painted or the i n j u n c t i o n 
"Write music f o r the royal water-party between 
Whitehall and Limehouse to be held on 
August 22, 1715." 

(2) A receptor c o n s i s t i n g of a sensory input 
transducer (shown schematically by an "eye") 
and l i n k e d algorithm. 

(4) An aesthetic system as in c r i t i c i s m a l g o r i t h m s . 

(5) A synthesis a l g o r i t h m . The synthesis 
a l g o r i t h m uses the knowledge encoded in the 
aest h e t i c system to construct the d e s c r i p t i o n 
of the best possible object which s a t i s f i e s 
the i n i t i a l c o n d i t i o n s . The task of the 
synthesis a l g o r i t h m is described more precisely 
in a subsequent s e c t i o n . 

(6) The output of the synthesis a l g o r i t h m : the 
intended d e s c r i p t i o n , A , of the work of 
a r t to be produced. 

(7) An e f f e c t o r c o n s i s t i n g of a transducer (shown 
schematically by "hands") and l i n k e d a l g o r i t h m 

(8) The object produced by the e f f e c t o r . This 
o b j e c t is the work of a r t produced by the 
design a l g o r i t h m . 

(3) The output of the receptor: a s p e c i f i c a t i o n 
o f the i n i t i a l conditions. 
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Approaches in C r i t i c i s m and Design 

C r i t i c i s m and design in the a r t s can be done in 
many d i f f e r e n t ways. The v a r i e t y of a c t u a l 
approaches i n c r i t i c i s m is apparent when two 
d i f f e r e n t observers i n t e r p r e t and evaluate the same 
object as a work of a r t In two d i f f e r e n t ways. For 
example, consider the d i s p a r i t y among opening n i g h t 
reviews of a given Broadway play. The v a r i e t y of 
a c t u a l approaches in design is apparent when two 
d i f f e r e n t a r t i s t s produce two d i f f e r e n t objects as 
works of a r t i n response t o i d e n t i c a l i n i t i a l 
c o n d i t i o n s . For example, consider the d i s p a r i t y 
between the commissioned p o r t r a i t s of L.B.J. 

The aim of our work is not to produce any 
s i n g l e , a u t h o r i t a t i v e c r i t i c i s m a l g o r i t h m o r design 
a l g o r i t h m , as we consider any approach to a r t 
l e g i t i m a t e . Rather, we postulate a s t r u c t u r e f o r 
c r i t i c i s m algorithms and design algorithms in which 
a v a r i e t y of approaches to a r t can be represented. 
The p r a c t i c e of c r i t i c i s m and design in the a r t s 
can be done i n many d i f f e r e n t ways and s t i l l be 
modelled using the postulated s t r u c t u r e f o r 
c r i t i c i s m algorithms and design algorithms. 
D i f f e r e n t approaches in c r i t i c i s m or design might 
r e s u l t in d i f f e r e n c e s in any of the components of 
c r i t i c i s m algorithms or design algorithms. For 
example, aesthetic systems corresponding to 
several d i f f e r e n t approaches to non-
r e p r e s e n t a t i o n a l , geometric p a i n t i n g s have been 
suggested [ 4 , 5 ] . Each of these aesthetic systems 
would encode d i f f e r e n t conventions and c r i t e r i a 
f o r I n t e r p r e t i n g and e v a l u a t i n g p a i n t i n g s as works 
of a r t . The I n t e r p r e t a t i o n of a p a i n t i n g using 
one of these a e s t h e t i c systems would be done in 
terms of the shapes In the p a i n t i n g , using a second 
In terms of the c o l o r s in the p a i n t i n g , using a 
t h i r d in terms of the associations attached to the 

p a i n t i n g , etc. Of course, there can be many 
d i f f e r e n t a e s t h e t i c systems a l l o w i n g f o r the 
i n t e r p r e t a t i o n of p a i n t i n g s in terms of shape, 
c o l o r , o r a s s o c i a t i o n s . S i m i l a r l y , the e v a l u a t i o n 
of a p a i n t i n g using one of these a e s t h e t i c systems 
would be done In a v a r i e t y of d i f f e r e n t ways. If 
these a e s t h e t i c systems were used in c r i t i c i s m 
algo r i t h m s , d i f f e r e n t statements of how a given 
p a i n t i n g is i n t e r p r e t e d and evaluated would be 
produced. If these a e s t h e t i c systems were used in 
dealgn algorithms, d i f f e r e n t p a i n t i n g s would be 
produced i n response to some given I n i t i a l 
c o n d i t i o n s . None of these aesthetic systems Is 
taken to be d e f i n i t i v e . Again, any approach to a r t 
i s considered l e g i t i m a t e . Our i n t e r e s t i s i n 
i n v e s t i g a t i n g the many possible approaches t o a r t 
In a uniform way. 

Aesthetic Systems 

The key component in both c r i t i c i s m a l g o r i t h m s 
and design algorithms Is an aesthetic system. 
Recall t h a t an a e s t h e t i c system is an a l g o r i t h m i c 
s p e c i f i c a t i o n of the viewpoint or knowledge used in 
some approach to a r t . An aesthetic system encodes 
the conventions and c r i t e r i a needed f o r the 
determination of whether an object is considered a 
work of a r t and if so, how It can be i n t e r p r e t e d 
and evaluated as a work of a r t . 

An a e s t h e t i c system consists of four 
algorithms': an a l g o r i t h m A which defines a set of 
i n t e r p r e t a t i o n s I . , a reference decision 

a l g o r i t h m R , an evaluation a l g o r i t h m E , and 
an evaluation comparison a l g o r i t h m C (see Figure 
2). Here we are not concerned w i t h the i n t e r n a l 
s t r u c t u r e of these algorithms but rather w i t h the 
c h a r a c t e r i s t i c s and i n t e r - r e l a t i o n s h i p s of t h e i r 
Inputs and outputs. 
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The a l g o r i t h m A in an a e s t h e t i c system 
defines the set of i n t e r p r e t a t i o n s I. . The set 

A 
o f I n t e r p r e t a t i o n s I A consists o f a l l i n p u t -

A 
output p a i r s f o r the a l g o r i t h m A (see 
Figure 2). A n i n t e r p r e t a t i o n i n the set I . i s a 
possible way of understanding some object as a 
work of a r t using the viewpoint or knowledge 
s p e c i f i e d by the a e s t h e t i c system. For example, 
one component of an i n t e r p r e t a t i o n may be a 
d e s c r i p t i o n A of an object and the other 
component may be a s p e c i f i c a t i o n of how t h a t 
d e s c r i p t i o n is construed. The case where the 
output component, , of an i n t e r p r e t a t i o n is a 
d e s c r i p t i o n of an object provides an I n t e r e s t i n g 
paradigm f o r the study of "form" or " I n t e r n a l 
coherence" in the a r t s . The case where the input 
component, a , of an I n t e r p r e t a t i o n is a 
d e s c r i p t i o n of an object provides an i n t e r e s t i n g 
paradigm f o r the study of "content" or " e x t e r n a l 
•vocations" In the a r t s . [ 4 , 5 ] 

Whether an i n t e r p r e t a t i o n r e f e r s to an o b j e c t , 
I.e. is an I n t e r p r e t a t i o n of an o b j e c t . Is 
determined by the reference d e c i s i o n a l g o r i t h m R 
in an a e s t h e t i c system (see Figure 2 ) . The input 
to the reference decision a l g o r i t h m is an i n t e r 
p r e t a t i o n in the set I and the d e s c r i p t i o n A 

A 
of an o b j e c t . The output of the reference decision 
a l g o r i t h m R I n d i c a t e s whether the i n t e r p r e t a t i o n 
r e f e r s to an o b j e c t having the d e s c r i p t i o n \ . 

The set o f I n t e r p r e t a t i o n s I . and the 

reference d e c i s i o n a l g o r i t h m R provide the basis 
f o r determining whether an object Is a work of a r t 
f o r some a e s t h e t i c system. An o b j e c t Is a work of 
a r t f o r a n a e s t h e t i c system i f and o n l y i f there i s 
a n I n t e r p r e t a t i o n I n the set I . which r e f e r s t o 

the object using the reference d e c i s i o n a l g o r i t h m 
R . We believe t h i s d e f i n i t i o n of work of a r t has 
Important i m p l i c a t i o n s f o r a v a r i e t y of current 
Issues i n a e s t h e t i c s and a r t theory [ 7 ] . 

It must be stressed that a given object may 
be considered a work of a r t using one aesthetic 
system and may not be considered a work of a r t 
using a second aesthetic system. Further, when an 
object is considered a work of a r t using two 
d i f f e r e n t aesthetic systems, i t s i n t e r p r e t a t i o n 
and evaluation in each of these systems may be 
q u i t e d i f f e r e n t . 

Aesthetic value is determined by the 
evaluation a l g o r i t h m E . The evaluation 
algorithm assigns an aesthetic value to each 
i n t e r p r e t a t i o n n the set IA (see Figure 2). 
How an object is evaluated as a work of a r t depends 
on how the object is i n t e r p r e t e d as a work of a r t . 
An i n t e r e s t i n g evaluation a l g o r i t h m has been 
defined in terms of the r e l a t i v e lengths of the 
components of an i n t e r p r e t a t i o n . This evaluation 
algorithm provides a paradigm f o r the study of 
" u n i t y and v a r i e t y " In the a r t s and can be 
characterized In terms of a l g o r i t h m i c i n f o r m a t i o n 
theory [ 1 0 ] . These t o p i c s are explored In [ 2 - 5 ] . 

The r e l a t i v e merit of two aesthetic values Is 
determined by the evaluation comparison a l g o r i t h m 
C . One i n t e r p r e t a t i o n is a e s t h e t i c a l l y superior 
to a second i n t e r p r e t a t i o n in an a e s t h e t i c system 
when the aesthetic value assigned the f i r s t 
I n t e r p r e t a t i o n is determined by the e v a l u a t i o n 
comparison a l g o r i t h m to be superior to the 
a e s t h e t i c value assigned to the second i n t e r 
p r e t a t i o n . An i n t e r e s t i n g issue is whether the 
evaluation comparison algorithm should be an order 
[11] and if so, whether it should be t o t a l or 
p a r t i a l [ 7 ] . 

S pecific aesthetic systems are being developed 
f o r number sequences [2,5] and f o r non-
r e p r e s e n t a t i o n a l , geometric p a i n t i n g s [ 2 - 5 ] . The 
computer Implementation of Important parts of a 
f u l l y developed a e s t h e t i c system f o r p a i n t i n g i s 
described i n [ A ] . A d d i t i o n a l l y , some t r a d i t i o n a l 
aesthetic viewpoints f o r s v a r i e t y of a r t forms are 
being examined in terms of aesthetic systems. 

Analysis and Synthesis Algorithms 

In a c r i t i c i s m a l g o r i t h m , an analysis 
a l g o r i t h m is used in conjunction w i t h an s e s t h e t i c 
system to s p e c i f y how an object having d e s c r i p t i o n 
X Is i n t e r p r e t e d and evaluated as a work of a r t 
(see Figure l a ) . The task of an analysis a l g o r i t h m 
Is to f i n d the best way to i n t e r p r e t the object as 
a work of a r t . For a given aesthetic system, the 
task of an analysis algorithm is to f i n d the i n t e r 
p r e t a t i o n In the set I A which r e f e r s , using the 

A 
reference decision a l g o r i t h m R , to the o b j e c t 
having the d e s c r i p t i o n X and which is assigned an 
a e s t h e t i c value by the evaluation a l g o r i t h m £ 
which is maximal in the sense of the e v s l u s t i o n 
comparison a l g o r i t h m C . The i n t e r p r e t a t i o n found 
by the a n a l y s i s a l g o r i t h m is the best way to under
stand the object having the d e s c r i p t i o n X in terms 
of the viewpoint or knowledge s p e c i f i e d by the 
aesthetic system. 

In a design a l g o r i t h m , a synthesis a l g o r i t h m 
is used In conjunction w i t h an a e s t h e t i c system to 
construct the d e s c r i p t i o n of a work of a r t ( o b j e c t ) 
s a t i s f y i n g the given i n i t i a l conditions (see Figure 
l b ) . The task of a synthesis algorithm is to 
construct the d e s c r i p t i o n of the best possible work 
of a r t which s a t i s f i e s the i n i t i a l c o n d i t i o n s . For 
a given a e s t h e t i c system, the task of a synthesis 
algorithm is to f i n d a d e s c r i p t i o n X of an o b j e c t 
f o r which (1) the s p e c i f i e d i n i t i a l c o n d i t i o n s are 
s a t i s f i e d and (2) there is an i n t e r p r e t a t i o n in the 
set I . which would r e f e r , using the reference 
decision a l g o r i t h m R , to the object and which is 
assigned an a e s t h e t i c value by the evaluation 
a l g o r i t h m E which is maximal in the aense of the 
evaluat i o n comparison a l g o r i t h m C . The d e s c r i p t i o i 
found by the synthesis a l g o r i t h m s p e c i f i e s the best 
work of a r t , in terms of the viewpoint or knowledge 
given by the aesthetic system, that s a t i s f i e s the 
i n i t i a l c o n d i t i o n s . 
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S p e c i a l purpose a n a l y s i s a l g o r i t h m s and 
s y n t h e s i s a l g o r i t h m s have been I n v e s t i g a t e d . 
A n a l y s i s a l g o r i t h m s have been s t u d i e d f o r use i n 
c o n j u n c t i o n w i t h r e s t r i c t e d types o f a e s t h e t i c 
systems. H e u r i s t i c search methods have been 
suggested f o r s y n t h e s i s a l g o r i t h m s t o b e used i n 
c o n j u n c t i o n w i t h the a e s t h e t i c system developed f o r 
p a i n t i n g s h a v i n g g e n e r a t i v e s p e c i f i c a t i o n s [ 2 , 4 , 5 ] . 

Problems and Prospects 

The problem o f c o n s t r u c t i n g p a r t i c u l a r 
c r i t i c i s m a l g o r i t h m s and d e s i g n a l g o r i t h m s can be 
e x t r e m e l y d i f f i c u l t . The process o f c r i t i c i z i n g 
or d e s i g n i n g a work of a r t may be v e r y c o m p l i c a t e d 
and can i n v o l v e a f u l l range o f mental a b i l i t i e s . 
The a b i l i t y t o s p e c i f y a c r i t i c i s m a l g o r i t h m o r a 
d e s i g n a l g o r i t h m may w e l l presuppose the a b i l i t y t o 
f o r m a l i z e a wide range of p e r c e p t u a l and c o g n i t i v e 
s k i l l s and a wide range of knowledge. For example, 
a c r i t i c i s m a l g o r i t h m which a l l o w s f o r the 
i n t e r p r e t a t i o n and e v a l u a t i o n o f Raphael's School 
o f Athens may i n v o l v e the a b i l i t y t o r e c o g n i z e 
p a i n t e d shapes a s p e o p l e , the a b i l i t y t o r e c o g n i z e 
those people as r e p r e s e n t a t i o n s of Greek 
p h i l o s o p h e r s a s w e l l a s p o r t r a i t s o f I t a l i a n 
a r t i s t s o f the 15th and 1 6 t h c e n t u r i e s , the a b i l i t y 
t o a s s o c i a t e these people I n t o groups i n terms o f 
t h e i r p h i l o s o p h i c a l p o i n t s o f view a s Greek 
p h i l o s o p h e r s a s w e l l a s t h e i r s p a t i a l l o c a t i o n i n 
the p a i n t i n g , the a b i l i t y t o r e l a t e the p a i n t i n g 
a s p a r t o f a r t h i s t o r y , the a b i l i t y t o r e l a t e t h e 
Ideas a s s o c i a t e d w i t h the p a i n t i n g w i t h t h e ideas 
i n some c u l t u r a l c o n t e x t , the a b i l i t y t o i d e n t i f y 
the emotions evoked by the v a r i o u s aspects of t h e 
p a i n t i n g , among many. F o r m a l i z i n g even t h e f i r s t 
o f these a b i l i t i e s would b e a n e x t r e m e l y d i f f i c u l t 
t a s k a t the p r e s e n t t i m e . 

I n [ 1 ] , " c r e a t i o n and v a l u a t i o n systems" were 
p r e d i c t e d t o b e one o f the l a s t a r t i f i c i a l 
i n t e l l i g e n c e products to be developed. T h i s 
p r e d i c t i o n seems w e l l - f o u n d e d i n l i g h t of t h e 
d i f f i c u l t i e s i n v o l v e d i n the s p e c i f i c a t i o n o f 
p a r t i c u l a r c r i t i c i s m a l g o r i t h m s and d e s i g n 
a l g o r i t h m s and the need to i n c l u d e a wide v a r i e t y 
o f o t h e r a r t i f i c i a l i n t e l l i g e n c e p r o d u c t s i n t h i s 
s p e c i f i c a t i o n . Our hope i s t h a t our work p r o v i d e s 
a p r o d u c t i v e f i r s t s t e p toward the g o a l o f 
d e v e l o p i n g " c r e a t i o n and v a l u a t i o n systems" a s w e l l 
a s the b a s i s f o r b e t t e r u n d e r s t a n d i n g g e n e r a l 
q u e s t i o n s o f a e s t h e t i c s and a r t t h e o r y . 
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