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1. | NTRODUCTI ON

AARON i s a conputer program designed to node
sone aspects of human art-naki ng behavi or, and
to produce as a result "freehand" draw ngs of a
highly evocative kind (figs 1,2). This paper
describes the program and offers in its
concl usi ons a nunber of propositions concerning
the nature of evocation and the nature of the
transaction — the making and readi ng of inmages
- in which evocation occurs. Perhaps
unexpectedly — for the program has no access

to visual data — some of these concl usions

bear upon the nature of visua
Thi s may suggest a view of
broadly referential

representation.
i mage-nmaking as a
activity in which various
differentiable nodes, including what we cal
vi sual representation (note 1), share a
significant body of comon characteristics.

in sone
wor k

respects the nethodol ogy used in this
relates to the nodeling of "expert

systens” (note 2), and it does in fact rely
heavily upon ny own "expert" know edge of

i mge-nmaking. But in its notivations it cones
closer to research in the conputer simulation
of cognition. This is one area, | believe, in
whi ch the investigator has no choice but to
nmodel the hunman prototype. Art is valuable to
human bei ngs by virtue of being made by other
human bei ngs, and the question of finding nore
efficient nodes than those which characterize

and nmore particularly art-naking,

gi ven.

are considered as rul e-based activities in which
bound to | ow | evel
i mage- maki ng behavi or through the action of
an extrenely large set of highly evocative "freehand" drawi ngs. The
its output
of the programis discussed in terns of cultura
to our relationship to the images of renote cul tures.

cognitive processes. AARON, a conputer-

these rules, and

The theoretical basis for the formula-
consi derations, particularly with respect
An art-nmuseum environnent inplenentation

a speci al - purpose drawi ng device is discussed. Sone specul ation is offered concerning
random zing in creative behavior

and an account given of the use of randomess

The concl usions offered bear upon the nature of meaning as a function of an
i mage-nedi ated transaction rather than as a function of
derives fromthe nature of visual

intentionality. They propose also that
cogni tion.
human performance sinply does not arise
My expertise in the area of inage-naking rests

upon nmany years of professional activity as an
artist —a painter, to be precise (note 3) —
and it wll be clear that ny activities as an
arti st have continued through ny |last ten years
of work in conputer-nodeling. The notivation
for this work has been the desire to understand
nmore about the nature of art-naking processes
than the making of art itself allows, for under
nornmal circunstances the artist provides a
near - perfect exanple of an obviously-present,
but wvirtually inaccessible body of know edge
The work has been informal, and gua psychol ogy
| acks nethodol ogical rigor. It is to be hoped
however, that the body of highly specialized
know edge brought to bear on an el usive probl em
wi Il be some conpensati on.

AARON is a know edge-based program in which
know edge of inmmge-making is represented in
rule form As | have indicated | have been ny
own source of specialized know edge, and | have
served also as ny own know edge-engineer.

bef ore enbarking on a detailed account of the
programis workings, | will describe in genera
terms what sort of programit is, and what it
purports to do

First, what it is 'not. It is not an "artists
tool". | nmean that it is not interactive, it is
not designed to i npl enent key deci sions nade by






the wuser, and it does not do transfornnations

upon input data. in short, it is not an
instrunent, in the sense that nost conputer
applications in the arts, and in nmusi ¢

particularly, have identified the machine in
essentially instrument-like termns.

AARON is not a transfornation device. There is
no input, no data, upon which transformations
could be done: in fact it has no data at al

which it does not generate for itself in making
its drawings. There is no |exicon of shapes, or

parts of shapes, to be put together, assenbly
line fashion, into a conplete draw ng.
It is a conplete and functionally independent

entity, capable of generating autononously an
endl ess succession of different drawings (note
4). The program starts each drawing with a
clean sheet of paper — no data — and
generates everything it needs as it goes al ong
building up as it pr oceeds an interna
representation of what it is doing, whichis
t hen used in det erm ni ng subsequent
devel opnents. It is event driven, but in the
speci al sense that the programitself generates
the events which drive it.

It is not a learning program has no archiva

menory, is quite sinple and not particularly
clever. It is able to knock off a pretty good
drawi ng — thousands, in fact —but has no

critical judgnent that would enable it to
declare that one of its draw ngs was "better"
than another. That has never been part of the
aim VWhether or not it might be possible to
denonstrate that the artist noves t owar ds
hi gher goals, and however he might do so
through his work, art-nmaking in general |acks
clear internal goal-seeking structures. There
is no rational way of determning whether a
"move" is good or bad the way one m ght judge a
move in a ganme of chess, and t hus no
i medi ately apparent way to exercise critical
judgnment in a sinulation.

This lack of internal goal-orientation carries
with it a nunber of difficulties for anyone
attenpting to nodel art-nmaking processes: for
one thing, evaluation of the nodel nmust
necessarily be informal. |In the case of AARQON,
however, there has been extensive testing.
Bef ore describing the testing procedure it wll
be necessary to say wth nore care

di stingui shing here between the program s goals
and my own —what AARON is supposed to do

Task Definition.

It is not the intent of the AARON npdel to turn
out drawi ngs which are, in sone ill-defined and

| oosel y- under st ood sense, aesthetically

pl easing, though it does in practice turn out
pl easi ng draw ngs. It is to permt t he
exam nation of a particular property of
freehand drawing which | wll call, in a
deliberately general fashion, standing-for-

ness.

The Phot ogr aphi ¢ " Nor nt

One of the aims of this paper is to give
clearer definition to what nmay seemintuitively
obvi ous about standing-for-ness, but even at
the outset the "intuitively obvious" will need
to be treated wth sone cauti on, in
particular, we should recognize that unguarded
assunptions about the nature of "visual"
i magery are alnopst certain to be colored by the
XXt h century's deep preoccupation with

phot ography as the "normal" image-naki ng node.
The view that a drawn inmage is either:

1. representational (concerned with the
appearance of things) , or

2. an abstraction (i.e. fundanmentally
appear ance-oriented, but transformed in the
interest of other ains) or,

3. abstract (i.e. it doesn't stand for
anything at all),

betrays just this pro-photographic filtering

and is a long way fromthe historical truth.
There is a great wealth of imagistic material
which fits none of these paradigns, and it is
by no neans clear even that a photograph

carries its load of standing-for-ness by virtue
of recording the varying light intensities of a
particular view at a particular noment in tinme.

It is for this reason that inmage-making will be
di scussed here as the set of npdes which
contains visual representation as one of its
menbers. It is also why | used the word
"evocative" in the first paragraph rather than
"meaningful". M domain of enquiry here is not
the way in which particular neanings are
transnmitted through imges and how they are
changed in the process, but nore generally the
nature of inmage-nediated transactions. Wat
woul d be the mininumcondition under which a
set of marks may function as an inmege? This
question characterizes economcally the scope
of the enquiry, and it also says a good dea
about how the word "image" is to be wused in
this paper, though a nore conplete definition
must wait until the end




Art - maki ng and | mage- meki ng.

The reader nmay detect sone reluctance to say
firmy that this research deals with art-naking
rather than with imge-making, or vice-versa.
The two are presented as continuous. Art-naking
is alnost always a hi ghly sophi sti cat ed
activity involving the interlocking of conplex
patterns of belief and experience, while in the
nost general sense of the terminage-naking
appears to be as "natural" as talking. Al the
sane, art-making is a case of inage-neking, and
part of what AARON suggests is that art-nmaking
rests upon cognitive processes which are
absol utely normal and perfectly conmon.

functions which normally require an artist to
performthem and thus it requires the whole
art-making process to be carried forward as a
testing context. The programis output has to be
acceptable to a sophisticated audi ence on the
sane terms as any other art, inplying thereby
that it must be seen as original and of high

quality, not nerely as a pastiche of existing
wor K.

A valid testing procedure nmust therefore
contain a sophisticated art-view ng audi ence,
and the informal in situ evaluation of the

sinulation has been carried out in nuseum
environnments: the DOCUMENTA 6 internationa

figure 3.
Eval uati on.

A sinulation programnodels only a snall piece
of the action, and it requires a context in
whi ch to determine whether it functions as one
expects that piece to function. AARON is not an
artist. It sinmply takes over some of the

exhi bition in Kassel , Ger many, and the
prestigious Stedelijk Museumin Ansterdam the
two exhibits together running for alnmost five
nonths and with a total audience of al nost half
a mllion museum goers, in both of these shows

drawi ngs were produced continuously on a
Tektronix 4014 display termnal and also with
an unconventional hard-copy device ( to be



described later) A PDP 11/34 ran the program
in full view of the gallery visitors (fig 3).

In addition and at other times the programs
out put has been exhibited in a nore orthodox
mode in nuseuns and galleries in the US and in
Eur ope.

These exhibits were not set up as scientific
experinments. Nor could they have been without
distorting the expectations of the audience,
and thus the significance of any results. No
formal records were kept of the hundreds of
conversations which took place between the
arti st and nenbers of the audience. This report
is therefore essentially narrative, but offered
w th some confidence.

Audi ence Response.

A wvirtually wuniversal first assunption of the
audi ences was that the drawings they were

wat chi ng bei ng nade by the machi ne had actually
been made in advance by the "real" artist, and
sonehow "fed" to the machine. After it had been
explained that this was not the case viewers
would talk about the machine as if it were a
human artist. There appeared to be a general

consensus that the machine exhibited a good-

natured and even witty artistic personality,
and that its drawings were quite droll (fig 4).
Sone of the viewers, who knew ny work from ny

pro-conputing, European, days clained that they
coul d "recogni ze nmy hand" in the new draw ngs.

This last is particularly interesting, since,
while | certainly nade use of my own body of
knowl edge concerning inage-nmaking in witing
the program the appearance of my own work
never consciously served as a nodel for what
the program was supposed to do.

More to the point, while a very snmall nunber of
peopl e insisted that the drawi ngs were nothing
but a bunch of random squiggles, the majority
clearly saw them in referential terns. Many
would stand for long periods watching, and
describing to each other what was being drawn;
always in terms of objects in the real world.
The drawings seem to be viewed nostly as
| andscapes inhabited by "creatures", which
woul d be "recogni zed" as aninmals, fish, birds
and bugs. Cccasional 'y a viewer woul d
"recogni ze" a | andscape, and once the machine's
hone was identified as San Francisco, since it
had just drawn Twi n Peaks.

It might be correctly anticipated that on those
ot her occasi ons when drawi ngs have sinply been
framed and exhibited without any reference to
their origins, the question of their origins
has never arisen, and they have net with a

typi cal cross-section of museum goers
responses.

Even w thout formal eval uation, it m ght
reasonably be clainmed that the program provides
a convincing simlation of human performance.

The next part of this paper is divided into
five sections. In the first, a gener al
description of the production systemas a whole
is given. The following three sections deal
with particular parts of the production system
the MOVEMENT CONTROL part, the PLANNING part,
and t he part which handles the internal
representation of the drawi ngs as they proceed.
The second of these, on PLANNING al so gives an
account of the theoretical basis for t he
program The fifth section has sonmething to say
about the function of randomess in t he
program and al so discusses to what extent it
m ght be thought to parallel the use of
randomess in human art-maki ng behavior. The
third and final part draws concl usions.
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figure 4.



2. THE PROGRAM " AARON'

2.1 THE PRODUCTI ON SYSTEM

The main program (note 5) has about three
hundred productions. Many of these are to be
regarded as mcro-productions in the sense that
each of them handles only a small part — an

"action-atom —of a larger conceptual unit of

action. For exanple, the drawing of a single
l'ine, conceptually a single act, actually
i nvol ves twenty or thirty productions on at

least three levels of the system This fine-
grain control over t he dr awi ng process
subscribes both to its generality —nost of

these action-atons are i nvoked by many

different situations —and to its flexibility,

since it allows a process to be interrupted at
any point for further consideration by higher-

| evel processes.

Level s of Organization.

The organi zati on of the systemis hierarchical
in the sense that the higher levels are
responsi bl e for decisions which constrain the
domain of action for the lower levels (fig 5).
Each | evel of the system is responsible only
for its own donmmi n of decision-nmaking, and there
i s no conceptual hormunculus sitting on the top

holding a blueprint and directing the whole
operation. No single part knows what t he
drawing should turn out to be like. There is
sone practical advantage to this |evel-w se

splitting up of the system but the program was
designed this way primarily for reasons of
conceptual clarity, and froma desire to have
the program structure itself —as well as the

material contained within it — reflect ny

under st andi ng of what the human i mage- nmaking
process might be like. I believe that the

constant shifting of attention to different
| evel s of detail and conceptualization provides
this human process with sone of its inportant
characteristics. Thus the |left part of each
production searches for conbinations of up to
five or six conditions, and each right part nmay
perform an arbitrary nunber of actions or
action-atoms, one of which may involve a junp
to another |evel of the system

" ARTWORK"

The topnost level of the system the ARTWORK
| evel, is responsible for decisions relating to
the organi zation of the drawing as a whole. It
decides how to start, nmkes sone prelimnary
deci sions which may later determ ne when and
how it is to finish, and eventually nmakes that
determ nation. The program currently has no

archival menory, and begins each drawing as if
it has never done one before. (One can easily
i magi ne the addition of a higher |evel designed
to nodel the changes which the hunman artist
deliberately nakes in his work from one piece
to the next; this level would presumably be
called EXH BI TI ON.)

ARTWORK al so handl es some of the nore inportant
aspects of spatial distribution. It is ny
belief that the power of an image to convince
us that it is a representation of sone feature
of the visual world rests in large part upon
the image's fine-grain structure: the degree to
which it seems to reflect patterns in the
changes of information density across the field
of wvision which t he cognitive processes
t hensel ves i npose upon vi sual experience.

Put crudely, this neans, for exanple, that a
decision on the part of the reader of an inmage
that one set of marks is a detail of another
set of marks rather than standi ng autononously,
is largely a function of such issues as
relative scale and proximty. This function is

quite apart fromthe nore obviously affective
i ssue of shape ( and hence "semantic")
relationship, it is the overall control of the

varying density of information in the draw ng,
rather than the control of inter-figura
rel ati onshi ps, which is handl ed by ARTWORK

"MAPPI NG' and " PLANNI NG'

All pr obl ens i nvol vi ng t he finding and
al l ocation of space for t he nmaki ng of

i ndividual elements in the drawing is handl ed
by MAPPI NG though its functions are not always
hierarchically higher than those of PLANN NG
which is responsible for the developnent of
these individual figures. Sonetimes PLANNI NG
may decide on a figure and ask MAPPING to
provi de space, while at other times MAPPI NG may
announce the existence of a space and then
PLANNI NG wi I | decide what to do on the basis of
its availability. Sonetines, indeed, MAPPING
may override a PLANNI NG deci si on by announci ng

that an appropriate space is not available. A

good exanple of this occurs when PLANN NG
decides to do sonething inside an existing
closed figure and MAPPING rules that there

isn't enough room or that what there is the
wrong shape.

MAPPING will be referred to again in relation
to the data-structures which constitute the
programs internal representation of what it is
doi ng, and PLANNI NG also as one of the
centrally inmportant parts of the program
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figure 6.

LI NES AND SECTORS

Bel ow this level the hierarchical structure of
the system is fairly straightforward. Each

figure is the result of (potentially) severa
devel opnents, each provided by a return of
control to PLANNI NG Each of t hese
devel opnents nmmy consist of several lines, and

for each of the successive lines of each
devel opnent of any figure LINES nust generate a
starting point and an endi ng point, each having
a direction associated with it (fig 6). It also
generates a nunber of paraneters on the basis
of specifications drawn up in PLANNI NG whi ch

figure 7.

determine howthe line is to be drawn: whether
reasonabl y straight, wi ggly, or strongly
curved, and, if various overlapping nodes are
called for (fig 7), how they are to be handl ed

As | have indicated, |lines are not drawn as the
result of a single production. Wen LINES
passes control to SECTORS the program does not
know exactly where the line will go, since the

constraint that it nust start and end facing
specified directions does not specify a path:
there are an indeterm nate nunber of paths

whi ch woul d satisfy the constraint. The program

does not choose one, it generates one. SECTORS
pr oduces a series of "imagined" partia
destinations —signposts, as it were (fig 8)

— each designed to bring the Iine closer to

its final end-state. On setting up each of
these signposts it passes control to CURVES

whose function is to generate a series of
movements of the pen which will nake it veer
towards, rather than actually to reach, the
current signpost. Control is passed back to
SECTORS when the pen has gone far enough
towards the current signpost that it is tine to
| ook further ahead, and it is passed back to
LINES when the current |ine has been conpl et ed
and a new one is demanded by the devel oprent
still in progress.

2.2 MOVEMENT CONTRCL

W are nowdown to the |lowest |evel of the
program and to the way in which the curves
whi ch make up the drawing are actually
generated. This part is not discontinuous from
the rest, of course. The flexibility of the
programrests in large part upon the fact that
the hierarchy of control extends downwards to
the finest-grained decisions: no part of the
control structure is considered to be so



automatic that it should fall below the
interface line. Thus, the story of how the pen
gets noved around foll ows on from the
description of how the internediate signposts
are set up.

Abstract Displays and Real Devices

In the earlier versions of the programall the
devel oprent work was done exclusively on a
graphic display, and the "pen" was handled as
an abstract, di nensionless entity wthout
real-world constraints wupon its novenents
Conceptual ly, however, | always thought of the
probl em of noving the pen frompoint A facing
direction alpha, to point B facing direction
beta, as being rather like the task of driving
a car off a main road into a narrow driveway

T

.

set at sone known arbitrary angle to it. This
is clearly not a dead-reckoning task for the
human driver, but one which invol ves conti nuous
feedback and a successi ve-approxi nation

strat egy.

It seened quite reasonable, therefore, to be
faced at sone point wth the problem of
constructing an actual vehicle which would
carry a real pen and neke real drawi ngs on rea
sheets of paper. That situation arose in the
Fall of '76 when | was preparing to do the
museum exhibitions which | nentioned earlier,
and decided that if | wanted to nake the
drawing process visible to a large nunber of
peopl e simultaneously, | would need to use
sonething a good deal bigger than the usua

graphic display with its 20-inch screen.




The Turtle.

The answer turned out to be a snall two-wheel ed
turtle (fig 9), each of its wheel s
i ndependently driven by a stepping nmotor, so
that the turtle could be steered by stepping
the two notors at appropriate rates. It is thus
capabl e of drawing arcs of circles whose radius
depends upon the ratio of the two stepping
rates.

Since the two wheels can be driven at the sane
speed in opposite directions, the turtle can be
spun around on the spot and headed off in a

straight 1line, so that this kind of device is
capable of simulating a conventi onal X-y
plotter. But it seened entirely unreasonable to
have built a device which could be driven Iike

a car and then use it to sinulate a plotter.
In consequence the pen-driving pr ocedur es
already in the program were re-witten to
generate the stepping rates for the notors
directly —to stay as close as possible to the

human nodel's performance —rather than

cal cul ating these rates as a function of
deci si ons al ready nade.

The advantage here was a conceptual one, with
sone practical bonus in the fact that the
turtle does not spend a |large part of its time
spi nning instead of drawing. It also turned out
unexpect edl y that the generating algorithm
sinplified enormously, and the quality of the
freehand sinulation i mproved noticeably.

Feedback

The program does not now seek to any place —
in Cartesian terms — but concerns itself

exclusively with steering: thus the turtle's
Cartesian position at the end of executing a
single command is not known in advance. Nor is
this cal culati on necessary when the turtle is
operating in the real world. It was not
designed as a precision drawing device, and

since it cannot perform by dead-reckoning for
| ong without accunulating errors, the principle
of feedback operation was extended down into
this real-world part of the program the device
makes use of a sonar navigation system (fig 10)
by neans of which the program keeps track of
where it actually is. instead of telling it to
"go to x,y" as one would tell a conventiona

plotter, the programtells it "do the foll ow ng
and then say where you are".

A nmore detailed account of the turtle system
and it's effect upon the sinulation of freehand
drawi ng dynanmics, is given in Appendix 1.
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2.3 "PLANNI NG'

No single |level of the program can be described
adequately without reference to the ot her
levels wth which it interacts: it has already
been nmentioned, for exanple, that MAPPING may
either precede PLANNING in determining what is
to be done next, or it may serve PLANNING by
finding a space specified there. Additionally,
any devel oprment determined in PLANNING may be
nmodi fied subsequently either as a result of an
iminent collision with another figure or
because provision exists in the programfor
"stacking" the current developnent in order to
do sonmething not originally envisaged (fig
Ila,b). Al the same, the drawing is conceived
predom nantly as an aggloneration of figures,
and to that ext ent PLANNI NG, whi ch is
responsible for the devel opnent of individua
figures, is of central inportance.

Behavi oral Protocols in | mage- Maki ng.

O the entire program it is also the part
| east obviously related to the effects which it
acconplishes. Wiile the fornal results of its
actions are clear enough —an action calling

for the closure of a shape wll cause it to
close, for exanple —it is not at all clear

why those actions result in the specifically
evocative quality which the viewer experiences.



A rule-by rule account of this effect is not
appropriate, because the individual rules do no
more than inplenent conceptual entities —
which | will call behavioral protocols

—whi ch are the fundanental units from which
the program is built. These protocols are
never explicitly stated in the program but
their existence is what authorizes the rules.
Thus, before describing in detail what is in
PLANNING | should give an account of the
t hi nki ng which proceeded the witing of the
program and try to make clear what | nmean by a
pr ot ocol

Backgr ound.

It is a matter of fact that by far the greatest
part of all the imagery to which we attach the
nane of "art" comes to us fromcultures nore or
less remote fromour own. it is also a natter
of fact that within our own culture, and in
relation to its recent past, our understandi ng
of imagery rest to a great extent upon prior
conmon under st andi ngs, prior cultura

agreenents, as to what is to stand for what —
prior, that is to say, to the view ng of any
particular image. It is wunlikely t hat a
Renai ssance depletion of the Crucifixion ("of

Christ" being understood here by neans of just
such an agreenment !) would carry any great

wei ght of neaning if we were not already
fam liar both with the story of Christ and with
the established conventions for dealing wth
the various parts of the story, indeed, we
m ght be quite confused to find a depletion of
a beardless, curly-headed youth on the cross
unl ess we happened to possess the non-obtuse
know edge that Christ was depicted that way —
attaching a new set of neanings to the old
convention for the representation of Dionysus
—until well into the 7th century, in general
we are no longer party to the agreenents which
make this formacceptable and understandable.
We nmust evidently distinguish between what is
under st andabl e wi t hout abstruse know edge —we
can, indeed, recognize the figure on the cross
as a figure —and what is understandable only

by virtue of such know edge.

In the nopst general sense, all  cultura

conditions are renote fromus, and differ only
in the degree of their renoteness. W cannot
really conpr ehend why the Egyptians nmade
sphi nxes, what M chel angel o thought the ancient
world had in common with Christianity, or how
the internal conbustion engine was viewed by
the Italian Futurists seventy years ago who
wanted to tear down the nuseuns in its honor.
What abstruse know edge we can gain by reading

M chel angel 0's writings, or t he Futuri st
Mani festo, does not place us into the cultura

COhTivwe

figure lla,b



environment in which the work is enbedded. A
culture is a continuum not a static event: its
under st andi ngs and neani ngs shift constantly,
and their survival nmay appear wi thout close
scrutiny to be largely arbitrary, in t he
extrene case, we find ourselves surrounded by
the work of earlier peoples so wutterly renote
fromus that we cannot pretend to know anyt hi ng
about the people thenselves, nuch |ess about
the neanings and purposes of their surviving
i mages.

The Paradox of insistent Meaningful ness.

There is an inplicit paradox in the fact that
we persist in regarding as nmeani ngful —not on
the basis of careful and scholarly detective
work, but on a nore directly confrontationa
basis — inages whose original neanings we
cannot possibly know, including many that bear
no explicitly visual resenblance to the things
in the world. Presumably this state of affairs
arises in part from a fundamental cultura

egocentrism — what, we ask, would we have
intended by this image and the act of naking
it? — which is fundanentally distortive.

There has al so been a particular confusion in
this century through the wi despread acceptance
of what we might call the telecommunications
nmodel of our transactions through inmagery,
particularly since in applying that nodel no
differentiation has been observed between the
culture we live in and the cultures of the
renote past. In the viewof this nodel,

original neanings have been encoded in the
image, and the appearance of the inmage in the
world effects the transm ssion of the meanings.

Al'l owi ng for noise in the system — the
inevitability of which gives rise to t he
notion, in art theory, of "interpretation"

the reception and decoding of the image makes
the original neanings avail abl e.

However useful the nmodel is as a basis for
exam ni ng real t el ecommuni cation-1ike
situations, in which the intended neanings and
their transformati ons can be known and tracked,
it provides a gener al account of our
transactions through imges which is quite
i nadequate. The encoding and decodi ng of
nmessages requires access to the sane code-book
by both the inmage-nmaker and the inmage-reader
and that code-book is precisely what is not
carried across fromone culture to another.

I think it is clear also that the paradox of
i nsi stent neani ngful ness, as we nmight call it,
constitutes the normal <condition of image-

medi at ed transacti ons, not an abnor ma
condition. It evidently extends below the |eve
at which we can recognize the figure, but not
what the figure stands for, since so nuch of
the available imagery is not in any very
obvious sense "representational" at all. The
paradox is enacted every time we look at a few
marks on a scrap of paper and proclaimthemto
be a face, when we know perfectly well that
they are nothing of the sort.

Cognitive Bases for |nmage Structure.

In short, my tentative hypothesis in starting

work on AARON was that all inmage-naking and al
i mage-r eadi ng is medi at ed by cognitive
processes of a rat her | ow | evel ki nd

presumably processes by means of which we are

able to cope also with the real world. In the
absence of cannon cultural agreenents these
cognitive processes would still unite image-
maker and i mage-viewer in a single transaction.
On this level —but not on the nore conplex

culture-bound level of specific iconologica
intentionality —the viewer's egocentricity

mght be justified, since he could correctly
identify cognitive processes of a famliar kind
in the making of the inage. But let ne detai
this position with some care. | am not
proposi ng that these processes nake it possible
for us to understand the intended nmeanings of
sone renotely-generated inmage: | am proposing
that the intended neanings of the maker play
only a relatively small part in the sense of
meani ngf ul ness. That sense of meani ngful ness is
generated for us by the structure of the inmmge
rather than by its content.

I hope | may be excused for dealing in so
abbreviated a fashion with issues which are a
good deal |ess than self-evident. The notion of

non- encul turated behavior — and that notion
I urks behind the | ast few paragraphs, obviously
—is a suspect one, since all human behavior

is enculturated to some degree: but my purpose
was not to say what part of hunan behavior s
dependent upon encul turating processes and what
isnot. It was sinply to identify some of the
determ nants to a general inmage-structure which
could be seen to be common to a wide range of
encul turating patterns. The inplication seened
strong —and still does — that the m ninmm
condi tion f or generating a sense of
meani ngful ness did not need to include the
assunption of an intent to comunicate: that
the exercise of an appropriate set of these
cognitive processes would itself be sufficient
to generate a sense of neani ngful ness.



Cognitive Skills.

The task then was to define a suitable set. |
have no doubt that the options are wi de, and
that nmy own choices are not exclusive. | chose
at the outset to include

1. the ability to differentiate between
figure and ground,

2. the ability to differentiate between
open and cl osed forns, and

3. the ability to differentiate between
i nsi deness and out si deness (note 6)

AARON has developed a good deal from that
starting poi nt, and sone of its current
abilities clearly reflect highly enculturated
patterns of behavior. For exanple, the program
is now able to shade figures in a node
distinctly linked to Renaissance and post-
Renai ssance represent ati onal nodes: ot her
cul tures have not concerned thensel ves with the
fall of light on the surfaces of objects in the

sane way. Nevertheless, a large part of the
programis involved still in denobnstrating its
awar eness of t he nor e primtive
differentiations.

Protocol s and Rul es.

Against this background, | use t he term
protocol to nean the procedural instantiation
of a formal awareness. This is clearly a

definition which rests upon cognitive, rather
than perceptual, nodes, since it involves the
awareness of relational structures. Thus, for
example, the programs ability to differentiate
between form and ground nakes possible an
awar eness of the spatial relationships between
forms, and generates finally a set of avoi dance
protocols, the function of which is to prohibit
the programfromignoring the existence of one
figure in drawi ng another one. The protocols
thenmselves are not explicitly present in the
program and are nanifested only through their
enactnent by the rules which describe what to
do in particular circunstances wher e t he
overl apping of figures is threatened.

Fi gure Devel opnent

in keeping with the hierarchical structuring
whi ch inforns the program as a whole, PLANN NG
considers a figure to be the result of a number
of devel opments, each determined in part by
what has gone before. The program enacts a

nunber of repetition protocols, and a single
devel opnent in the making of a figure can often
i nvol ve the repetition of a single action (fig

12), rather than the aggl oneration of different
actions. The first productions to deal wth
the first devel opnent of any figure decide, on
the basis of frequency considerations, that

this figure wll be closed, that it will be
open, or that it wll be, for the nonent,
"uncommtted" — that is, a line or a conplex
of lines will be drawn, but only at a later
stage wll it be decided tether or not to

close. If the primary decision is for closure,

figure 12.

then PLANNING will decide between a nunber of
options, nostly having to do wth size and

shape — MAPPING permtting — and wth

configuration, in sane cases it wll not
actually draw the boundary of a closed form at
all, and wll Jleave the definition of the

occupi ed space to await subsequent space-
filling noves.

If the decision is for a non-closed form then
agai n a nunmber of options are open. |In both
cases the available options are stated largely
in terns of repetition protocols, the enactnent
of which determ nes the formal characteristics
of t he resul ting configuration. These
characteristics are not uniquely defining
however, and a nunber of different fornmal sub-
groups may result from a single repetition
protocol and its rules. For exanple, one such
protocol, involving a single line in this case
requires the line to nove a given distance
(nore-or-1|ess) and then change direction
continuing this cycle a given nunber of tinmes.
Al the figures marked in (fig 13) result from
this: the details of inplenentation in the
i ndi vi dual cases are responsive to their unique
environnental conditions, and in any case may
be changed at any point by the overriding
avoi dance protocol, whi ch guar ant ees t he
territorial integrity of existing figures.



Thus the programw || know at the begi nning of

each devel opnent what the current intention is,

but will not know what shape will result. A
closed form generated by a "go, turn, repeat”
cycle may in fact turn out to be extrenely |ong
and narrow (fig 14), and a nunber of second
devel opnents associated with a cl osed-form
first development wll then be unavail able:

there will be alimt, for exanple, wupon what

can be drawn inside it, though it may devel op
in other ways, as this one does

Proliferation.

Even with constraints of this sort there is a
significant proliferation in the nunber of
producti ons associ at ed with t he second
devel oprent of any figure. A typical first
devel opnent might be initiated by:

If (this is a first devel opment
and the last figure was open
and at least n figures have been done
and at least g of themwere open
and at least t units of space are now
avai | abl e)

Then

This figure will be closed
specifications for repetition
speci fications for configuration
to nove on fromthis point
If (this is a second devel opnent

and the first was cl osed
and its properties were

a. (size)

b. (proportions)

c. (conplexity)

d. (proximty to ...)

~

figure 13.

Then eit her

1. divide it
specifications ...

2. shade it
specifications..

3. add a closed formto it
.. specifications..

4. do a closed forminside

specifications..

5. do an open form i nside
specifications..

Flgure 14.
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This s
productions, each
conbi nati on of
devel opnent .
require. ..

a prototype for an expandi ng cl ass of

responding to a different
properties in the first
Simlarly, conti nuation will

If (this is a third devel opnent
and the first was a closed form
properties...
and the second was a closed form
properties. . . )

Then
shade the entire figure:
specification 1:
a boulder with a hole in it
or
specification 2:
a flat shape with a hole
or
specification 3:
a penunbra

If (this is a third devel opment
and the first was cl osed
and the second was a series of

parallel lines inside it
and the remaining inside space is at
least s... )

Then

do anot her series of |ines:
specification 1:
perpendicular to first...
or
specification 2:
al ongside the first...
or
specification 3:
do a closed formin avail able
space. .

-— r©
figure 15.

(note 7).

The Relationship of C osed

Forms and Open
For is.

The sane proliferation of options occurs for
open-lined structures also, but not to the sane
degree. One of the interesting things to cone
out of this programis the fact that open-line
structures appear to function quite differently
when they are alone in an inmage than when t hey
appear in the presence of closed forms. There
seens to be no doubt that closed forns exert a
special authority in an imge — perhaps

because they appear to refer to objects —and

in their presence open-lined structures which
in other circunstances mght exert simlar
pressure on the viewer are relegated to a sort
of spati al connective-tissue function. A
sim |l ar context-dependency is nanifested when
material is presented inside a closed form (fig
15): it is "adopted", and beconmes either a
detail of the form or markings upon it. This
seens to depend upon particul ar configurationa

i ssues, and especially the scale relationship

between the ™"parent” form and t he new y
i ntroduced material. This manifestation is
important, | believe, in understanding why we

are able to recognize as "faces" so wide a
range of closed forms with an equally wde
range of internal narkings following only a
very | oose distribution specification.



Linmits on Devel opnent.

At the present tinme no figure in the program
goes beyond three devel opnents, and few go that
far, for a nunber of reasons, in the first
place, nost of the (formal) behavior patterns
in the programwere initially intended to node
a quite primtive |l evel of cognitive
performance, and for nbst of these a single
devel oprent is actually adequate. Once a zig-
zag line has been generated, repetition, for
example —as it is found in existing prinmtive
nodel s —seens limted to those shown in (fig
16).

It has remamined quite difficult to come up with
new mat eri al general enough for the purposes of
the program It 1is the generality of the
protocols which guarantees the generality of
the whole, and new material is initiated by the
i ntroduction of new protocols. On the |evel of
the procedures which carry out the action parts
of the subsequently-devel oped productions, the
approach has been to avoid accumulation of
special routines to do special things. There is
only one single procedure adapti ng t he
protocols of repetition and reversal to the
generation of a range of zigzag-like forns, for
exanmple (fig 13).

But there has been another, and equal |y
significant reason, for the limtation upon
perni ssi bl e devel opnents. It is the lack of

adequat e, and adequatel y i mportant,
differentiations in the existing figures. For
the primtive nodel represented by the earlier
states of the programit was al nbst enough to
have a set of abilities called up by the nost
perfunctory consideration of the current state
of t he dr awi ng: the stress was on the
definition of a suitable set of abilities (as
represented by the right-hand parts of the
productions), and as it turned out it was quite
difficult to exercise those abilities without
generating noderately interesting results. But
for a nore sophisticated nodel it is clearly
not enough nmerely to extend that set of
abilities, and the problem of determ ning why
the program should do this rather than that
beconmes nore pressing.

The linmitation here can be considered in two
ways. One 1is that | had reached the point of
exhausting tenporarily ny own insights into the
i mage- bui |l di ng process. The other is that | had
not made provision in the first versions of the
program for being able to recogni ze the kind of
differentiations | would want to deal with —
since | could not know at the outset what they
were going too be —and thus | acked a structure
for developing newinsights. This leads to a
consi deration of nmy next topic: how the program
builds its own representation of what it has
done up to any point in the nmaking of the
dr awi ng.
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2.4 | NTERNAL REPRESENTATI ON

In the earlier stages of the devel opnent of the
program provi si on had been nade for
progressive access to the information stored in
the data-structure, following the principa
that it should not have to access nore than it
actual ly needed f or t he maki ng of any
particul ar decision, in practice, a great dea

more was stored than was ever accessed. At the
first level of detail the program made use of a
quite coarse matrix representation, in each
cell of which was stored an identifier for the
figure which occupied it, and a nunber of codes
whi ch desi gnated the various events whi ch m ght

have occurred in it: a line belonging to a
closed form a line belonging to an open form
a line junction, an wunused space inside a

closed figure, and so on. Qoviously, it was
not possible to record a great deal in this
way, and data concerning the connectivity of
the figure in particular required a second
| evel of the structure.

This was an unpl easantly el aborate |inked-Ii st
structure of an orthodox kind. By definition,
the kind of drawi ng AARON nakes is not nerely a
gr ow ng, but a cont i nuousl y- changi ng

structure. Wiat was a point on a line becones a
node when another line intersects it, and this
change has to be recorded by wupdating the
existing structure, which nust now ideally show
the four paths connecting this node to four
adj acent nodes.

Both updating this structure and accessing the
informati on contained within it proved to be
quite tiresone, and the schene was never
general enough to adnmit of further devel opnent.
As a result, it was used |less and |less, and
deci sion -neking has been based al nost
exclusively on the information contained in the
matri x on the one hand, and in a third | evel of
the structure, a sinple property-list attaching

to each figure, on the other. The nost
surprising thing about this sinplistic and
distinctly ad-hoc schenme is that it was
actually quite adequate to the needs of the
program

Explicit Data and Inplicit Data

Hurran bei ngs presumabl y get first-order
informati on about a picture by |ooking at the
picture. | have al ways f ound it quite

frustrating that the programcould not do the
sane thing: not because it nade any difference
to t he program but because it nmade it
difficult for me to think about the kind of
issues | believed to be significant. Part of

the problem of using a linked-list structure to
represent the connectivity of a figure, for

exanpl e, deri ved from the fact t hat
connectivity had to be explicitly recorded as
it happened: it would have been nmuch too
difficult to traverse a structure of this kind

post-hoc in order to discover facts about
connectivity. |f one could traverse the figure
the way the eye does —I oosely speaking! —it

woul d not be necessary to give so nmuch
attention to recording explicitly all the data
in the world wthout regard for whether it
woul d ever be | ooked at again.

in short, the primary decision to be nmade was
whet her to accept the absolute non-similarity
of picture and representation as given, devise
a nore sophisticated list-structure and drop
the matrix representation altogether, or to
drop the list-structure and devel op the matrix

representation to the point where it could be
very easily traversed to generate information
which was inplicit withinit. | opted for the
latter. A description is included in Appendix
2, though at the tine of witing (Decenber '78)
the inplementation is not yet conplete

2.5 THE FUNCTI ON OF RANDOVNESS

This section does not deal with any single part
of AARON: randommess is an active decision-
maki ng principle throughout the program and |
think it is inportant to say why that is the
case. As a preface, it mght be worth recording
that beyond the limts of a mathematically

sophi sticated community nost people evidently
view randomess in a thoroughly absolutist
fashion, and as the opposite to an -equally
absolute determinism There is a firmy-held
popul ar belief that a machine either does

exactly what it has been programmed to do, or
it acts "randomy". The fact that AARON
produces non-random  dr awi ngs, whi ch its

programer has never seen, has
peopl e a good deal of trouble.

gi ven many

What | nmean by "randomess” is t he

i mpossibility of predicting the outcome of a
choi ce on the basis of previously-nmade choices.
It follows, of course, that "randommess", in
this sense, can never be absolute: iif the
domai n of choice is the set of positive

i ntegers, one nust be able to predict that the
outcone will be a positive integer, not a cow
or a color. In AARON the domain of choice is
al ways a great deal nore constrained than that,
however. The corollary to the noti on of
randomess as a decision-naking principle is



the precise delineation of the choice space: in
practice, the introduction into the program of
a new decision characteristically involves the
setting of rather wide limts, which are then
gradual Iy brought in until the range is quite
smal | .

Randommess by Design and by Defaul t.

Al researchers in nore denonstrably goal-
oriented fields of intellectual activity nust

obvi ously spend nmuch tine and effort in trying
to bring to the surface performance rul es which
the expert nust surely have, since he perforns
so well. I amnot in a position to know to what
ext ent "Let's try x" would constitute a
powerful rule in other activities: I am
convinced that it is a very powerful rule

indeed in art-making, and nore generally in
what we call creative behavior, provided that

x" is a nenmber of a rigorously constrained
set.

A nunber of artists in this century — perhaps
more in nmusic than in the visual arts —have
deliberately and consci ously enpl oyed

random zi ng procedures: tossing coins, rolling
dice, disposing the parts of a sculpture by
throwing themon the floor, and so on. But this
sinply derives a strategy froma principle, and
exanples of both can be found at al nost any
point in history. It is alnmbst a truismin the
trade that great colorists use dirty brushes.
Leonardo recommended that the difficulty of
starting a new painting on a clean panel —
every painter knows how hard that first mark is
to nmake — could be overcome by throwing a
dirty sponge at it (note 8). But one suspects
that Leonardo got to be pretty good with the
sponge! An artist |ike Rubens would hinself
only paint the heads and hands in his figure
conpositions, leaving the clothing to one
assi stant, the | andscape to another, and so on.
Al  the assi stants wer e hi ghly-qualified
artists in their own right, however. The
process was not unlike the workings of a nodern
film crew. the delegation of responsibility
reduces the director's direct control, and
randomi zes t he i mpl ementati on of his
intentions, while the expertise and comonly-
held concerns of the crew provide the limts
(note 9).

Randoni zing in the Program Rules and Meta-rul es

For the human artist, then, random zing is not
unconstr ai ned, and therefore cannot be
characterized by the rule "If you don't know
what to do, do anything". Rather, one suspects
t he existence of a neta-rule which says,

"precisely define a space wthin which any
choice will do exactly as well as any other
choice". in AARON, the inplenmentation of the
| ow-order rule has the followi ng form

If (aand b and ...n)

Then p% of the time do (x);
g% of the time do (y);
r%of the time do (z);

which fills out the description of the format
discussed in PLANNING The sane frequency-
controlled format is wused wthin the action
part of a production in det erm ni ng

speci fications:

nake a cl osed | oop:

speci fication 1: nunber of sides
50% of the tinme, 2 sides (sinple |oop)
32% of the tinme, 3 sides

speci fication 2: proportion
50% of the time, between 1:4 and 1:6
12% of the tinme, between 3:4 and 7:8
speci fication 3.

form of these
to determ ne the

AARON has only the sinplest
meta-rules, which are used
bounds of the choice space:

if(a) lowbound is La, highbound is Ha
if(b) Iowbound is Lb, highbound is Hb
if(n) lowbound is Ln, highbound is Hn
speci fication taken randomy between

| owbound and hi gbound

where a,b,n are varying conditions in the state
of the drawing. No consistent attenpt has been
made to devel op nore sophisticated neta-rules.
in the final analysis, the existence of such
rules inplies a judgnental view of the task at

hand, and they are consequently beyond the
scope of a programlike AARON, which is not a
| earning program and has no i dea whether it is
doing well or badly.

The Val ue of Randommess.

What does randommess do for the inmage-naker?
Primarily, | believe its function is to produce
proliferation of the decision space wthout
requiring the artist to "invent" constantly.
One result of that function is obviously the
generation of a nmuch greater nunber of discreet
term nations than woul d ot herwi se be possible,



and consequently the sense that the rule-set is
a great deal nore conplex than is actually the
case. A second result is that the artist faces
hinsel f constantly with wunfamliar situations
rather than foll owi ng the sane path unendi ngly,
and is obliged to pay nore attention, to work
harder to resolve unantici pated juxtapositions.
it is a device for enforcing his own hei ght ened
participation in the generating process

This last might seemless inportant in AARON
the programis attention is absolute, after all
But for the viewer the fact t hat AARON
exercises the function is quite inportant.
There is one level of our transactions wth
i mages on which we respond with sone astuteness
to what is actually there. The fact that AARON
literally makes deci si ons every few
m croseconds —not binary decisions only, but
al so concerning quantitative specifications —
shows clearly in the continuously changing
direction of the Iline, in every nuance of
shape, and succeeds in convincing the viewer
that there 1is, indeed, an intelligent process
at work behind the nmaki ng of the draw ngs.
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3. CONCLUSI ONS

AARON produces drawi ngs of an evocative kind.
It does so wthout user intervention; wthout
recourse to user-provided data; and w thout the
repertoire of transformational nanipulations
normal to "conputer graphics". It remains now,
if not to propose a coherent theory of inage-
making, at least to pull t oget her t hose
fragnents of explanation already given into

sonet hi ng resenbling a plausible account of why
AARON wor ks.

This will be largely a matter of putting things
in the right places.

Art - maki ng and | mage- maki ng

First: no adequate justification has yet been

given for the many references to art and art-
maki ng, as opposed to inmages and i mage- maki ng

beyond saying that the first are a special case
of the second. What nmkes than special?

Art is a bit like truth. Every culture has, and
acts out, the conviction that truth and art
exist, no two cultures will necessarily agree
about what they are. There is no doubt, for

exanmpl e, that we use the word "art" to denote
activities in other cultures quite unlike what
our own artists do today, for the quite
i nadequate reason that those earlier acts have
resulted in objects which we choose to regard
as art objects. If it is surprisingly difficult
to say what art is, it is not only because it
is never the same for very long, but also
because we evidently have no choice but to say
what it is for us.

Al'l the sane, no justification is possible for
making reference to it without attenpting to
say —once again! —what it is, and doing so
in terns general enough to cover the greatest
nunber of exanples. Al so, those terns should do
sonething to account for the extraordinary
persi stence of the i dea of art, whi ch
transcends all of its nmany exanpl es.

Briefly, my viewis that this persistence stens
froma persistent and fundamental aspect of the
mnd itself. It would be slating the obvious
here to propose that the mnd may be regarded
as a synbol processor of power and flexibility.
I will propose, rather, to regard it as devoted
prinmarily to est abl i shi ng synbolic
relationships: to attaching significance to
events, and asserting that this stands for
that. This is, surely, a large part of what we
mean by under st andi ng.

As for art: in its specifically cultura
aspects art externalizes specific assertions —
the nunber three stands for the perfection of
CGod, the racing car stands for the spirit of
modern man, the swasti ka stands for the sem -
nmythi cal mgrations of the Hopi people, or for
a nunber of other things in a nunber of other
cultures. But on a deeper level, art is an
el aborate and sophisticated gane played around
the curious fact that within the mnd things
can stand for other things. It is alnost always
characterized by a deep preoccupation with the
structures of st andi ng- f or - ness, and a
fascination with t he apparently endl ess
diversity of whi ch those structures are
capable. Wat we see in the nuseuns results
from a conplex interweaving of the highly
i ndi viduated and the highly enculturated, and
in consequence any single manifestation is
bound firmy to the culture within which it was
generated: or it is rehabilitated to serve new
ends in a new culture. But wultimtely, art
itself, as opposed to its nmanifestations, is
uni versal because it is a celebration of the
human nmind itself.



The Enbeddedness of Know edge

Second: much of what has cone out of the
witing of AARON has to be regarded sinply as
extensions to the body of know edge which the
programwas intended to externalize. Witing it
was not nerely a denonstrative undertaking, and
it is far fromclear what has been raised to
the surface and what newly discovered. | have
regarded the programas an investigative tool
though for present purposes the distinction is
not inportant.

It remains inpossible to give an adequate
account of this know edge other t han by
reference to the program itself. There are
several reasons for this. Inthe first place
this know edge does not present itself
initially as predom nantly prescriptive. The
first intuition of its existence cones in the
form of an awareness that an i ssue — closure,
repetition, spati al di stribution — is
significant: the programshould be structured
in terns of that issue, as well as in terns of
all the other issues already contained. In this
sense the |left parts of the productions m ght
eventual ly be taken together to represent the
set of issues which AARON believes to be worth
attending to in the naking of an nmge. But
this stage cones nuch later, and by this tinme
an individual production functions as part of a
fabric of issues, with so nany threads tying it
to so many know edge sources, that a one-to-one
account of how it achieves its effect is
general ly out of the question.

In fact, there is only a single exanple | can
call to mind in which an effect can be ascribed
with certainty to a single production; a
particular class of junction in a nmeandering
horizontal line will infallibly generate strong
| andscape reference, though only if the
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Cigure 17.
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branching at the junction goes off on the | ower
side of the line (fig 17). This degree of
specificity is certainly exceptional, but Iess
powerful as an evacuator rather than nore so

In general, this particular class of junction
— it is nore easily characterized visually

than verbally — tends strongly to denote
spatial overlap: but the specific effect is
evidently quite cont ext - dependant , and

dependant al so wupon the precise configuration
of the junction itself.

"Personality" as a Function of Conplexity.

At the higher end of the scale of effects, the
probl em of sayi ng what causes what becones nore
difficult still. I have never been able to
under st and how there can be such genera
agreenent about the "personality" which AARON s
drawi ngs project, or why that "personality"
appears to be like ny owm in a nunber of
respects. Personality has never been an issue
on the conscious |level of witing code, and
know of nothing in the programto account for
it. To put the probl em another way, | would not
know how to go about changing the programto
project a different "personality".

I assune that the personality projected by an
image is sinply a part of a continuous spectrum
of projection, not distinguishable in type from
any other part. But | am forced now to the
conclusion that these nore elusive el ements of
evocation —personality is only one of them
presumabl y — are generated out of the
conplexity of the programas a whole, and not
fromthe action of programparts; that given an
adequate |l evel of conplexity any program will
devel op a "personality". This "personality" may
be nore or less clear in individual cases, and
may perhaps depend upon how many peopl e have
worked on the program — AARON is al npst
exclusively ny own work —but it will in any
case be a function of the program and outside
the wllful control of the programmer, if this
is the case it seens extrenely unlikely that
any conpl ete causal account of the workings of
a program woul d ever be possible.

The Conti nuousness of image-making and
| mage-r eadi ng

Third: | want to return to the question which
lies at the root of this work. What constitutes
a mnimmcondition under which a set of marks
will function as an image?

The reader wll have noted that nuch of what
has been witten here appears to bear as nuch

upon the business of inage-reading as it does
upon i mage-nmaking, there is no contradiction:
t he central issue being addressed is the
i mage-nedi ated transaction itself, and inage-
making in particular has no rmeaningful, or
exani nabl e, exi stence out si de of t hat



transaction. Know edge about immge-making is
know edge about inage-reading: both rest upon
the sanme cognitive processes. Thus the skilled
artist does not need to enquire what the viewer
sees in his work: the satisfaction of his own
requi renents guarantees it a reading in the
world, and the explicit individual readings
which it will have are irrelevant to him The
trainee artist, the student, on the other hand,
frequently responds to his teacher's reading of
his work by objecting, "You' re not supposed to
see it that way", evidently unaware that the
reading does not vyield to conscious control.
Lack of skill in inage-making more often than
not i nvol ves a failure to discern the
di fference between what is in the inmge-naker's
mnd and what he has actually put on the
canvas.

It is equally true, | believe, that image-
readi ng has no neani ngful existence outside the
transactional context: not because the whole
event is always present —it alnbst never s

— but because every act of image-reading is

initiated by the unspoken assertion "Wat | see
is the result of a willful human act". That is
a part of what we nmean by the word "inage".
However nmuch we may anuse ourselves seeing
di nosaurs in clouds or dr agons in t he
firepl ace, we have no difficulty in
differentiati ng between marks and shapes made

by man, and narks and shapes nade by nature,
and we do not hesitate to assign meaning in the
one case where we deny it in the other: unless
we belong to a culture with a nore aninistic
attitude to nature than this one has.

In short, | believe that the first requirenent
of the condition in the question is the
undeni ed assunption of human will (note 10).

The rest of the condition is given by the
di spl ay of behavior which draws attention to a
particular group of cognitive elenents, in

ot her words, evidence of cognitive process my
be substituted for the results of an act of
cognition. An actual desire to conmmunicate —
whi ch may include the sinple desire to record

the appearance of the world — is not a

necessary condition.

AARON s strength lies in the fact that it is
designed to operate within, and feed into, the
transactional context, not to reproduce the
aesthetic qualities of existing art objects. It
t akes full advant age of t he Vi ewer s

predi spositions and does nothing to disabuse
them indeed, it mght fairly be judged that
sone parts :)f the program —the simulation of
freehand dynanmics, for exanmple — are ained

primarily at sustaining an illusion (note I1).

But the illusion can only be sustained fully by
satisfying the conditions given above, and once
that is acconplished the transactions which its
drawi ngs generate are real, not illusory. Like
its human counterpart, AARON succeeds in
del i neating a meani ng-space for the viewer, and
as in any normal transaction not totally
prescribed by prior cultural agreenments, the
vi ewer provides plausible neanings.

St andi ng- f or - ness.

Fourthly: there is a nultitude of ways in which
sonething can stand for sonething else, and in
adopting the general term "standi ng-for-ness”

intended for the nonent to avoid the excess

meani ngs which cling to words |I|ike "synbol",
"referent”, "metaphor", "sign", and so on:

words which abound in art theory and art
history. An image, | have said, is something

whi ch stands for sonething el se, and of course
it is quite plain that | have been discussing
only a very snmall subset of such things.

What are the defining characteristics of this
subset ?

Before attenpting to answer that question, it
shoul d be noted that, while AARON s perfornance
is based wupon vision-specific cognitive nodes
(note 12), there are two closely rel ated
questions which cannot be asked about AARON at
all.

The first of these has to do with the fact that
in the real world people nake inmages of things.

How do people decide what nmarks to make in
relation to those things?

It is difficult to avoid the conclusion that
i mage-making as a whole is vision-based, even
though it bears directly on the issue of
appearances only occasionally. It is ny belief
that even when an image is not purposively
referential —as is the case with AARON —or
when the artist seeks to refer to sone el enent
of experience which has no visual counterpart,
it is his ability to echo the structure of
visual experience which gives the inmage its
plausibility (note 13).

The Persistence of Mtifs

The second question has to do with the fact
that actual inage elenents, notifs, have been
used over and over again throughout human
hi story, appearing in totally disconnected
cultural settings, and bearing quite different
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meanings as they do so. what is it that nakes
the zigzag, the cross, the swastika, squares,
triangles, spirals, nandalas, parallel I|ines,
conbs (fig 18), wubiquitous, so desirable as
i magi stic raw material ?

My own answer to this question is that the
cognitive nodes and their dependant behaviora
protocol s are absol utely ubiquitous, and that
the recurring appearance of these motifs is
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figure 19.
hardly even surprising (note 14). In fact, we
have only to start cataloguing the motifs to
realize that nost of them are sinply forned
through the conbination of sinple procedures.
The swastika, for exanple, is both cross and
zigzag, just as the nandala is cross and cl osed
form and t he so-cal |l ed di anond- backed
rattl esnake notif of the Californian Indians is
a symetrically repeated zigzag (fig 19).

Taken together, these two questions point to
the dualistic nature of image-making. |If, as
believe to be the case, it can be shown that
the representation of the world and its objects
by neans of inmmages follows the same cognition-
bound procedures as the sinpler images | have

been discussing, then it will be clear that the
formof an inage is a function both of what is
presented to the eye and of the possession of
appropri ate nodes

Represent ati on.

| said at the outset that my conclusions would
bear upon the nature of visual representation
as distinct fromwhat the Al/Cognitive Science
conmunity means by the word "representation”.
It is still the case that ny specific concerns
are with what people do when they nake marks on
flat surfaces to represent what they see, or
think they see, in the world. Al the sane,
sone speculation is justified about possible
correspondences between the two uses of the
wor d.

It is inmportant, for exanple, to note that the
lines which the artist draws to represent the
outline of an object do not actually correspond
to its cadges, in the sense that an edge-finding
algorithm will repl ace an abrupt tona
discontinuity with a line. In fact, the edges
of an object in the real world are al nost never
delineated by an unbroken string of abrupt
t onal di scontinuities. | f the artist is
unperturbed by the di sappearance of the edge,
it is likely to be because he isn't using that
edge, rather than because he has some efficient
algorithm for filling in the gaps. Simlarly,
nmost of the objects in the world are occluded
by other objects, yet it would not nornally
occur to the artist that the shape of a face is
the part left visible by an occluding hand (fig
20).

figure 20.



The face evidently exists for him as a
cognitive unit, and will be recorded by neans
of whatever strategies are appropriate and
avail able for the representation (note 15).

It is as true to your neani ng of
"representation” as to mne, not only that it
rests wupon the possession of appropriate and
avail able strategies, but al so t hat new
strategies may be developed to fit particular
concerns. Both are bound by entity-specific
consi derations, however: considerations, that
is to say, which are independent of t he
particular event or object being represented
and take their form from the under| yi ng
structures of the entity — the artist's
cognitive modes on the one hand and t he
structural integrity of a conputer program on
t he ot her.

What is a Representation "Like"?

It could not be seriously maintained that a
conputer program is "like" a human being in a
general sense, and it should not be necessary
to point out that a representation in ny
meani ng of the word is not "like" the thing
represented, other than in precisely defined
senses of likeness. That nmay not be quite

obvi ous, however, when we consider the idea

that a portrait is "like" the sitter. Even
though we may be careful enough to say that the
portrait LOOKS like the sitter, or that a
musi cal passage SOUNDS like the rustling of
| eaves, we tend to stop short of that |evel of
detail at which it becones clear that the
appearance of a painted portrait and t he
appearance of a person actually have very
little in comon. A representation nay be about

appear ance, but we never confuse t he
representation with the reality, no matter how
"lifelike" it is. in fact, we might rather

believe that all representations of a given
class are nore |like each other than any of them
is like the thing represented. Life follows its
| aws, representations follow theirs.

What is an | mge?

The purpose of an act of representation is to
draw attention to sone particul ar aspect of the

represent ed obj ect, to differentiate that
aspect fromits context, not to reconstitute
the object itself. To that degree we m ght

regard a visual representation as constituting
a partial theory of that object and its
exi stence, just as we might regard a conputer
program as constituting a theory of the process
it nodels. But neither the artist nor the
program designer has any choice but to proceed
in terns of the nodes which are available or

which they are capable of developing. In the
case of the visual representation, the making
of an inmage, | have tried to denonstrate the
cognitive bases of those nodes, and also
through ny own program AARON, to denpnstrate
their raw  power in t he i mage- nedi at ed
transacti on.

That, finally, defines nmy use of the word
"inmage". An inmage is a reference to sone aspect
of the world which contains wthin its own
structure and in terms of its own structure a

reference to the act of cognition which

generated it. It nust say, not that the world
is like this, but that it was recognized to
have been like this by the inage-nmaker, who

| eaves behind this record: not of the world,
but of the act.



APPENDI X |  THE TURTLE SYSTEM

Wen the real turtle is not running, the
program simulates its path, and calculates
where it would have been in an error-free world
after conpleting each conmmand. In this case it
substitutes a chord for the arc which the rea
turtle would have traced out. (The straight
line segnents which may just be visible in the
illustrations here are due to the fact that
they were photographed off the Tektronix 4014
di splay, not froman actual turtle draw ng.)

The Navi gation System

The navigation system is correct to about .2
inches: that is an absolute determned by the
sonar operating frequency —about 40KHz —and
does not change with the size of the draw ng.
Even with so coarse a resolution the feedback
operation is efficient enough for the turtle to
do everything on the floor that the program can
do on the screen; indeed, if the turtle is
picked up while it is drawing and put down in
the wong place it is able to find its way back
to the right place and facing the correct
direction.

The Dynamni cs of Freehand Draw ng.

There are several conplexities in this part of
the program which are worth nentioning. One of
themis that the program has to be able to
acconmplish dramatic shifts in scale in the
drawi ng, to nake small things which |ook 1ike
small exanmples of big things: snoothly-curved
closed forns should not turn into polygons as
they get smaller. This is required both on the
i ssue of shifts in information density and al so
to maintain inplied senmantic relationships
bet ween forns.

A second conplexity is that the novenent of the
line should convincingly reflect the dynamcs
of a freehand drawn |line, and this shoul d nean,
roughly, that the "speed" of a line should be
inversely related to the rate of change of
curvature: the pen should be able to nove
further on a single conmand if it's path is not
curving too radically. (The converse of this
is that the amount of information needed to
specify an arbitrary line should be a function
of its rate of change of direction, with the
straight line, specified by its two end points,
as the limting case.)
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Movenent Scal i ng.

Third, the pen should proceed nore "careful | y"
when it is close to sone final, critica

position than when it has relatively far to go
and plenty of tine left to correct for
carel essness. This, too, inplies a scaling of
movement in relation to the state of the |oca

task. Finally, there is the practical problem
that for any given nunber of cycles of a
stepping pattern, the actual distance traversed
by the pen will vary with the ratio of the
turtle's two wheel speeds. Unfortunately, this
relationship is not linear, and neither does it
provi de a usef ul simulation of freehand
dynanmi cs.

Briefly, t he li ne-generating procedure
concl udes that, given the present position and
direction of travel of the penin relation to
the current signpost and to t he fina
destination, it wll be appropriate to drive
the two wheels at stepping rates rl and r2,
taking n steps on the faster of the two. in
doing so it takes account of all of the above
considerations. The ratio determ ned for the
two speeds is a function of two variables; the
angle A Dbetween the current direction and the
direction to the current signpost, and a
scaling factor given by the renaining distance
Dd to the final destination as a proportion of
the original distance Do (fig II) Thi s speed
rati o then becones one of the two variables in
a function which yields the nunber of steps to
be taken —the distance to be traveled — by
the fast wheel: the other variable being the
relative size of the block of space allocated
to the current figure



These functions have to be tuned with sone care and t he geonetry of the «current turtle

to be sure that each variable is correctly determines that it can only change direction in
wei ghted, and to conpensate for the turn- i ncrements of about one sixth of a degree. (The
distance ratio of the turtle geonetry itself. turtle was not until recently interrupt-driven
But none of this —or any other part of the and f or design reasons this increnenta
pr ogram — i nvol ves any signi ficant direction-change factor was one degree in

mat hermati cal precision. There are only fifteen earlier version.) Everything relies upon the
st eppi ng rates avai | abl e, synmetrically f eedback node of oper ati on to provi de
di sposed between fast forward and fast reverse. correction and to prevent error accunul ation
The whol e program i ncl udi ng ext ensi ve The point is that a good car driver can drive a
trigononetric oper ati ons, uses i nt eger car with sloppy steering as well as a car with
arithnetic — this for historical reasons as tight steering up to the point where feedback
well as limtations of available hardware — correction cannot be applied fast enough.
APPENDI X || — MATRI X REPRESENTATI ON.

This description is given here primarily because it offers some insight into the kinds of con-
siderations which the programbelieves to be inportant, and the way in which these considera-
tions are accessed: not because there is anything particularly original froma data-structure
poi nt of view.

Mich of the detail of the inplenentation is demanded by the word-1ength of the machine, and
would go away in a larger nachine. The intent is to make all the information relating to a par-
ticular part of the drawing effectively reside in a particular cell

The program uses the single words representing matrix cells in different ways according to what
i s happening in the cel 1s: -

I——v- event type: (=simple

1=compl o

A "sinple" event neans, essentially, that all the data will be contained within this one word,
although it will be seen that its sinplicity relates to its use in a nore neani ngful sense:-

fﬁ'ﬁ|.|||.|.'.'|rr]

L— cell use type: O=unuaed
1=usad

Eimple owvent

Bef ore begi nning work on the draw ng, the program "roughens" the surface: that is, it declares
sone parts to be unuseable for the allocation of space to a new figure, although a devel oping
figure may go into this "rough" space. This is done in order to naxim ze the rate of change of
density across the image: -
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Lu‘pnl:z usezhility: (=useable
1=ronuxgh

cell imased
aimple event

use" may involve either a line or some special spatial designations:-
FRETTTTTTTTT T T
I—spa::e use type: (=cpace
1=linm
cell in use
simple event
in either case, the cell will now have a figure identifier associated with it. The new version

of the programuses less figures than the earlier one, and develops than further: a nmaxi mum of
32 figures is pernmitted: -

COME TTTTT FEmy
E_ I— Eigure 1D

space Tyl
=unused space inside clogzed flgure
Dl=shaded space inside closed figurae
10=shaded space arsund Figure
11="frea" shaded space

space
cell in use
L simple sventk

If the cell contains a line, then it can be dealt with as a sinple event provided that it is not
a line junction of a special kind. In this case the entry designates a |line function type; -

ElE o

L I-— fiqure 1D

backward link
forward 1ink
line function typo:
Gio=boundary, clogsed form
Uil=alement of open form
olo=lipa diwiding closed Form
Oli=open external aspperdage to cloeed form
lup=closed exbernal apperdage o closs] Inrn
Wl=open internal apgpendage bo clossd form
I1b=cinsed inkernal appendage ko closed form
— interlorlty (whole figqure ie inside smother Eigure]
— Lirme
— ell In use
almple event




Cel | Linking.

The forward and backward |links are a very inportant device here. Lines are mapped onto the
matri x as they are drawn, using an adapted form of Breshanmis Algorithm to ensure that
strings of cells never include corner-to-corner contiguity, This also nmeans that for any
given cell, the line it contains nmust have entered it from and will subsequently leave it
into, only one of four cells: thus the four-bit linking pernmits a conplete traversal of any
series of line segments not involving a conpl ex event.

HEEEEEERREEE p'lplplpl

| I— 15-bit pointer

complex event

At this point, the single word is inadequate, and it is used as a pointer, words now bei ng
allocated in pairs froma freelist. Here again, one |level down fromthe matrix, the words
will be variously decoded. |In particular, in the event that the cell is occupied by two
figures, the two words are each used as pointers to new pairs of words, one for each fig-
ure: -

!1|5:-'.p'|p'.p1p|p|plp1p1u|p1p1plplp!| ] Ip!p‘.p]p'ipip'il;l]::lplplplplplplpl

‘ LlS—-bit pointer [(figure aj) Llﬂ-hit pointer (figure bl
mualkiple use

A cell at this level may contain conplex events fromone or both of tw classes:
connective and configurational. Configurational events frequently involve order-2
nodes —nodes, that is, which fall on a continuous |line —and include sharp an-
gles, strong curvature, and so on. In practice, the program forces conplex events
so that they always occur within an 8-cell displacenent in x and y from another
cell, and the location of the next event can then be recorded rather cheaply:-

|D11.||:||:'Ic'|-:'|c'|flfll:-|h| Iil:l:l ::I:l-l!,rnrl!,r‘_r.lwln'lx[_tmyl ¥l ;.rl

L ‘ ! t1_1---|:1imlq:v::l."m'*ni'.
Eigure ID

f=dimal acement

backward 1link
forward link
— ol iguration code;
closed or open, 1 bit
semme, 1 bit
curve, angle, neither, 2 bits
max or min for the figure, 1 bit
order=2 node
L =zingle figure




"Sense", here, means convex or concave if the line is the boundary of a closed fig-
ure, and up/right or down/left if it is not. If this is a figure node of any order
other than two, one entry will be needed for each adjacent node: -

rﬂTﬂ]':I:'.n:]r:]ci Iu[u:-::-l 9 O | '| l'l'lflﬁl_plpspl_ﬂlplplplplplplplp!p]

L———lE--bit pointer
p:inter
figure 10
nowle arder

canfiguration code
not order-2
—  single figure

IH|H|ﬁ|r'L|[H|E|E|t|1.'h|lii=k|‘.-'|}'|:,'| II'IJ FrrrrTrrrrerrll I

! | p:inter flag
nex k=node displacement

— hackward link

forward 1ink
connectlon designation for this entry
inter flag

in addition to the displacenments which chain this node to each of its connected nodes.
This neans that the traversal of the figure as it is represented by the natrix can con-
tinue fromthis point until the next node is reached.

Thus, the entire structure is contained essentially within the matrix, and the short
lists which may be tacked onto any single cell serve nerely to extend the effective
capacity of that cell.

Ideally, this matrix should be as fine as possible: since the resolution of high-grade
video is only 1024x1024, a matrix of this size would obviously constitute an extrenely
good representation. However, there are two considerations which make so fine a grain
unnecessary. The first is that the programkeeps a full list of all the actual coordi-
nate pairs for each figure as it is drawing it, and can access it should some very pre-
cise intersection be required. The second is that the programis designed to sinmulate
freehand drawi ng, not to do mechani cal draw ngs, and once a figure is conpleted sone
approximation to it for purposes of avoidance or even intersection is unobjectionable.
The maxi mum error induced by assuming a point to be at the center of a cell ina mtrix

of 90x160 will be about 7/8th of an inch in a sixteen-foot drawing: only three tines the
t hi ckness of the line.



NOTES ON THE TEXT

note 1. The word "representation"” is used here
in a nmore general sense than it now carries
within the Al. comunity: the problem of
formul ating an i nternal (machi ne)
representation of sone set of know edge differs
fromthe nmore general problemprimarily in its
t echnol ogi cal aspects.

note 2. "The Art of Artificial Intelligence: 1
Teans and Case St udi es of Know edge
Engi neering," Ed Feigenbaum Proceedings of

I JCALS, 1977; pp.1014-1029.

note 3. In the decade before | becane invol ved
in ny present concerns nmy work was exhibited at
all of the nbst serious international shows,
and | represented nmy country at many of them
including the Venice Biennale; as well as in
sone fifty one-man shows in London, New York

and other mmjor cities.

note 4. Different from each other, |oosely

speaking, 1in the way one m ght expect a human
artist's drawings to differ one from another

over a short period of tine.

note 5. Witten in “C', under the UN X
operating system

note 6. | amreferring here to differentiations
performed in relation to the inage, not in
relation to the real world, wth which the
program has had no visual contact.

note 7. The program does not attach semantic
descriptors to the things it draws: the terns
"penunbra”, "boulder" and so on are my own
descriptions, and are used here for the sake of

sinplicity.

note 8. Significantly, fromthe point of view
of my argument here, the dirty marks were

i nt ended to "suggest" the elenents of a
conposi tion.

note 9. The one unconstrai ned random zi ng agent
inthis scenario, the final cutting of the film
by the producer rather than the director, has
al so denonstrated itself too be devastatingly
non-creative

note 10. "Undenied" is stressed here because
there exists an odd case in which the will of
the artist is to produce objects which demand
the contenplation of their own qualities for

their own sake —what they are rather than
what they stand for —and which thus seek to
deny the viewer his normal assunptions. To the
degree that this aimcan actually be achieved
the resulting object could not properly be
called an inmage, and | doubt whether aesthetic
contenpl ation could properly be called reading
Thus much of XXth Century abstract art falls
outside this discussion.

note Il. It is worth noting, though, that AARON
di d nmechani cal straight-Iine shading for about
two years —it ran faster that way — and in

that tinme only two people ever renarked on the
i nconsi st ency.

note 12. | will leave aside the interesting
question of whether there are not nore genera
underlying structures which are coomon to al

physi cal experi ence. It is presumably no
acci dent t hat terms i ke "repetition”,
"closure", and others | have used in relation

to visual cognition are freely used in relation
to music, for exanple.

note 13. The control of the rate of change of
information density across the surface of the

image, to which | referred earlier, is the nost
powerful exanple | know in this regard. The eye
is capable of handling units as small as a
speck of dust and as large as the sky, but the
processes which drive the eye seem always to
adjust some threshold to vyield a preferred
di stribution spanning only a few octaves.

not e 14. I'n fact, the nore theatrica
expl anations which range from world-w de
m grations to t he i nfl uence of extra-
terrestrial voyagers are not even necessary.

note 15. He is unlikely to treat the boundary
between face and hand as part of the face, but
as part of the hand, and nmay very well indicate
the full boundary of the face as if he could
actually see it.



