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Abstract

This report describes a computer. system that creates simple computer animation in

response to high-level,.yague,.and incomplete descriptions of films. It makes its films by

collecting and evaluating uggestions-from several different bodiesof knowledge. The

order in which it makes its; choicest is influenced by the focus of the film. Difficult

choices are postponed to, be, resumed when mre- of the film has been determined. The

system was implemented in, an, object' oriented language based upon computational

entities called "actors". Th& goal behind the construction of t system ir t-ity

whenever faced with -ta choice, it should sensibly choose between -alternatives bsed

upon the, description of the film and as --much �general knowledge--,,a pssible. The system

is presented as a computational model of creativity and aesthetics.
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Creation of Computer Animation

A Guide for the Reading of this Report

This report is intended primarily to be read by Al researchers and students.

I ope, though, that computer scientists, especially those 'in computer graphics,

would read parts, that animators would look at 'it (at least the corners), and that

those interested in creativity and questions in aesthetics and the theory of art

micylit get something out of it. This guide indicates what sections are most

appropriate for each of these groups.

if you want to skim off the top-level ideas while avoiding the technical parts

then, keep to the first, eighth, and eleventh chapters. If you are 'Interested in this

thesis for its unusual perspective upon questions relating to creativity and

aesthetics then, read the first chapter, sections through H of the tenth chapter,

the last chapter, and the final appendix. If you are reading this primarily for its

relevance to computer graphics, then read the seventh appendix for nce example

of what knowledge-based graphics is ail about, then read the first and eighth

chapters, section H of the tenth chapter, and the second and sixth appendices.
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Chapter I Introduction

This thesis is bout the creation of computer animation by a computer system in

response to high-level, vague, and incomplete descriptions of films. The computer

systern is narned Ani.1 Ani was tested with a simple version of the story of

Cinderella. Te films produced are graphically smple- the essence of the films is

tire dynamics of their images, In making the films Ani chooses between several

alternatives by gathering and evaluating many suggestions from different bodies of

know edge.

Ani is a simple embodiment of the aesthetic principles that the arbitrariness

of any coice should be minimal and that the coherence of a set of choices should

be maximal. Arbitrary choices are avoided by the use of knowledge. Coherence

dernands that te different parts and aspects of the films have the proper

inter-relationships. The coherence of Ani's films results from a control structure

that postpones troublesome choices and focuses on the more important aspects of

the films. The quality of Ani's reasoning in making "aesthetic" decisions is a

reflection of the amount of relevant knowledge that Ani brings to bear and the

reasonableness of its use.

1. A ni _� a nickname animators have for animation.
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M--iny Al (Artificial intelligence) researchers try to understand the processes

of intelligence by building computer models. They have concentrated upon certain

aspects of intelligence, primarily problem solving and perception. Creativity and

aesthetics are a departure from the aspects of intelligence usually explored.

Of course, any problem-solving Al programs create solutions to problems

(occasionally even aesthetic solutions) and vision systems create descriptions of

scene�,. Tis research differs from these systems primarily in the way descriptions

are created nd constrained. AN initially is faced with few hard and fast constraints

and spends uch of time generating new constraints. In contrast, the products of

most Al ystems re strongly constrained by the real world or by utility or

efficiency considerations. A symbolic description of a scene produced by a vision

System is expected to correspond to the real scene; a program written by an

Automatic progranimer is expected to meet precise problem specifications; a story

understanding system is expected to m ake some of the common sense inferences

that a human might make.

If the vision system instead produced a critique of the scene, or if the

automatic programmer decided what 'Its programs would do, or the story

understander started editing the stories given it, then they would be 'in a situation

similar to Ani's. Tese problems appear to be too difficult to tackle currently; Ani

is just a small step towards the solution of one problem of this type.

Page 12
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111troductioll

Research on this unusual kind of problem'lead to some development of Al

techniques and concepts, For example, AN is built upon the 'Idea of suggrestions

which are gathered, combined, elaborated, compared, related, compromised,

rejected, and followed. Ani's con trol structure is somewhat unusual becauste it

decides which choice to think about next and when to postpone decisions.

Whenever a choice is difficult to make for reasons such as insufficient information

or conflicting uggestions, Ani considers postponingr that choice until more of the film

has been determined. This postponement mechanism depends heavily upon Ani's

explicit reasoning and recording of 'ustifications. Ani uses a focus, -which describes

what parts of te film are to be emphasized, as a guide in making decisions,

A computational or Al view of many of the cassical problems in psychology,

linguistics, and philosophy has shed some light upon questions such as "What is a

concept?", "How do we see?", and "How does one earn?" and many more detailed

questions by considering how intelligent mechanisms might be built. This te$$

attempts to shed a little of this sort of light upon questions such as "How does an

artist create?", "What is an art object'."'. Admittedly, the role of knowledge in Ani's

making of aesthetic choices is very crude and simplistic in comparison to its role in

Human creativity. On the other hand, one can learn much from a relatively simple

model of a complex process because of its very simplicity.

Page 13



What Ani Does Introduction

Section A Whiat Ani Does

Animation is an nachronism. It is that rarity - a handmade product n a
mechaiVzed age.

Nlarc Davis, a directin for Disney's Cinderella [Thomas 1958 pge 134

g n n I I

Ani is computer system which, when presented with a description of a film,

attempts to create an animated film based upon that description. A user presents

Ani with partial descriptions of the personality and appearance of the characters

involved, of the relationships and interactions among the characters, and of the type

of film desired. Ani integrates this information with more general knowledge and

produces a detailed film description. This detailed description is a program that is

run by a general purpose computer graphics system called Director [Kahn I 978b].

These progr-carns written by Ani are at the level of detail of most computer graphics

programs I Ironically a user can communicate with Ani only at a very high level.

There i CUrrently no mechanism for 'Indicating to Ani how something should move or

where it Should be.2

1 Eamples of uch programs are in Appendix Vi. 'Some Code Written by Ani' on page 272.
Because An' is Jacking n an ability to handle appearances. currently one can describe ar

,111J)PAI'llICe 01-1iV t 1A! lbel.
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What A ni Does

Ani was tested on a simplified version of the story of Cinderella. The events

of te tory are highly abstracted in keeping with the abstract objected-oriented

drarnatic animation tat Ani makes. The abstraction frees AN from needing to know

the enormous number of facts required to animate "real world" etailed events (for

example, those needed to animate Cinderella putting on a glass slipper). AN cannot

accept descriptions in English. Instead the film descriptions are presented to Ani as

nested parenthetical expressions. A paraphrasing of the film description of the

Cinderella story presented to Ani follows.1

Cinderella is physically both beautiful and shabby. She i s good,

friendly, hard working, and shy. Her stepmother i's ugly, mean, selfish,

ctrong and evil. Her stepmother hates and dominates Cinderella, who

is obedient and tolerant of her. The fairy godmother is pretty, magical,

good, kind and strong. Cinderella is polite and grateful to her fairy

godmother, who is protective of Cinderella and helpful. The Prince is

hi--indsome, strong, good, stubborn, and determined. Cinderella and the

Prince love each other,

In te first scene, which is longer than average, the personalities of

Cinderella and her stepmother and their relationship are established.

Both characters are slightly happy. The next scene is also long and in

it is conveyed that Cinderella wants to meet the Prince, that her

1. Te fOrn description. n the format presented to Ani is in Appendix 1. 'The Cderella Film
Description' on pge 244.
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What A ni Does Introduction

stepmother prevents that meeting and then Cinderella becomes very

unhnppy while te stepmother becomes happy and proud-' In the next

rather short scene te fairy godmother undoes whatever the

stepmother did in the earlier scene that prevented Cinderella from

meeting the Prince. The next scene is long and in it is conveyed that

Cinderella and te Prince are alone, then that Cinderella is gets it on it

with te Prince,2 and finally their relationship is established (that they

love each other) and both become very happy. In the ast scene the

stepmother becomes aware of this and becomes very unhappy.

In addition, te film should be moderately varied, simple, very coherent,

obvious, energetic, not very flashy or original and last between 2 and

5 minutes. The film should focus on the characters, especially

Cinderella. The scene in which Cinderella meets the Prince and the

scene where she is kept from him should be focused upon. Also the

relationship between Cinderella and her stepmother are part of the

focus.

1. Te ext cne ws a ong one where the fairy godmother caused Cnderella's appearance to be
e1c,-,-ant nd their they both become hal)I)y. It as removed since Ani does not currentl hdle
appearances mch less changes, in 1narances.

2. "Getting it n" is a geiierjc trm for communicating, dancing. walking together, etc..

Page 16
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Figure 1 I The Cast of Characters

1 A color vei-slon of this film (the colors were chosen by me) that consists of about 400 frames
(zibout hree mintites) was also produced.
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This is all te information presented to AN that is special to the Cinderella

film. The film can be seen by fipping the corners of this report starting in the

upper left, then the lower left, upper right and finally the lower rght. Your rate

should ideally be about 4 pages per second-I The appearances of the characters

are not currently determined by Ani. I choose the following shapes and sizes for

them.
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What A ni Does Introductioll

First the StE�pmother.pushes and chases Cinderella around for a while. Then

she hits er several times, The Prince walks near and Cinderella moves over to him

and they walk cross te screen together. A film cut occurs and Cinderella and the

Prince are at opposite ends of the screen. The Prince wanders across the bottom

of te screen as Cinderella moves towards him only to be continually blocked by

her stepmother T fairy godmother appears and accompanies Cinderella over to

tire Prince. Te stepmother and fairy godmother walk off the screen and Cinderella

and the Prince turn back and forth and then walk across the screen together. A film

CUt OCCUrs and Cinderella and the Prince are at opposite ends of the screen. They

move towards each other and walk together. The cut and moving together happens

again but with different dynamics, Cinderella and the Prince move close and then

apart slightly nd repeat this several times while the stepmother moves over to

them and turns towards each. Tese activities and the reason why they happen are

described in Chapter "The Making of the Cinderella Film" on page 62.

Section What Ani Does Not Do

Ani animates only by choosing the locations and movements of the characters An

embarrassing limitation of Ani is that the Cinderella story is the only story that Ani

can animate. The main reason other stories can't be animated is that Ani has very

Page 18
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What Ani Does Not Do

incomplete bodies of knowledge.1 The extent to which AN can make a reasonable

film for te Cinderella story depends strongly upon the usefulness of the

descriptions of words such as "shyf', "hates", "varied", or of prevents" for generating

and ronking choices. There is no reason to think that similar words not currently

known to Ani, such as "clever", "fears", "textured", or "helps" could not be added.

Words that are not as similar to the kinds that Ani currently deals with might,

However, require new echanisms or an extension of the representation.

The limited range or variety of films Ani can make is not solely due to a

limited vocabulary of descriptors. AN is limited to very abstract descriptions nd

cannot liandle, very concrete expressions such as "a gass slipper", "runs -down the

s t ai r sor "a pumpkin turns into carriage". These would require an ability to draw

as Weil as much more "real world" knowledge. The system is also limited

stylistically to "object-oriented" films that are based upon stories. All tese

limitations are serious and are discussed at length in Chapter X "improvements and

Extensions" beginning on page 162.

1. It seemed that there is mch room for Am to grow within the current dsign to ommodair the
needed to nimate mny other stories of the level of complexity of the Cinderella storv I

doub A ' 1,a c(111 ge n simply concept by concept basis. it is very nuclear t hat pollit
lncreami�,, A n's repertoire wl necessitate much reorganizatio ad rethinking.

Page 19
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How Ani Makes Films Introductioll

Section C How Am Makes Films

The reasonincy Ani performs to produce the Cinderella film is lengthy and depends

Upon mny different sources of information 'Including the partially completed filrn

description. The typical dynamics of each character must be determined in order to

give tem a convincing personality. Ani must decide which actions are most

appropriate for the characters to perform and describe these actions in great detail.

All of tese choices need to be interwoven to produce a coherent whole that ufills

several global constraints.

This section begins by describing one of the thousands of choices that Ani

makes --- at what speed should the stepmother typically move. One small piece of

this example is then described in great detail. This 'is followed by a discussion of

general mechanisms involved in the process. Finally a very different example of

Ani's behavior --- the elaboration of the second part of the second scene --- is

presented.

Choosing a Speed for the Stepmother

One of Ani's problems is to choose typical speeds for Cinderella, her stepmother,

the fairy godmother, and te Prince which are in keeping with their personalities,

physical caracteristics, and te desired style of the film. The relative speeds of

the caracters should, in turn, be in keeping with the relationships and comparisons

Page 20
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II -It I, od I I oil Choosing a peed for the Stelmother

of the characters. A simple example of aesthetic choice is the determination of

these typical speeds. This choice is aesthetic because the character of movement

is iportant in assessing the quality of animation, because it is interdependent with

other choices, rind because it is only weakly constrained by pragmatics.

Choice points are created to represent the process of picking typical speeds

for each caracter, The choice point for the stepmother's speed, for example,

begins by aqking each of te descriptors of the stepmother for suggestions for her

speed. Only te description "strong" replies and suggests a high speed. The coice

point is not hppy with just that because there are not enough reliable suggestions.

So it asks permission to be postponed to wait for more 'Information to become

available and it is granted.

When te choice point for the stepmother's speed is reawakened, it inspects

its record of previous activations. It then asks the choice points for the relative

speeds of te stepmother and the other characters for suggestions. These choice

points are created in response to this request and they choose values (e.g., that the

stepmother be faster than Cinderella because she dominates Cinderella and differs

from her), but cannot make ny concrete suggestions since none of the characters

have speeds yet. The choice point for the stepmother's speed asks permission to

postpone to wait for the speeds of the others to be determined and it is granted.

Page - 21

V



Choosing a Speed for the Stepmother Ill t -Od Li Ct 1011

The choice points for the other characters also ask and are granted

permission to postpone, This could potentially lead to a deadlock in which the four

choice points wait for each other to make a decision. One of the reasons the choice

points don't just postpone themselves, but instead ask permission first, is to avoid

this type Of Situation. A postponement manager keeps track of the situation and

will not gr-,-ant someone permission to postpone for the same reason twice. A

common exception to tis is when the choice point is waiting for other choice points

to finish and at least one of these is making progress. In this case, no one fs making

progress so the postponement manager must refuse permission to at least one of

the choice points.

Ani is bilt upon the principle that as few decisions as possible be

determined arbitrarily. The decision as to who should be refused permission to

postpone has too mny consequences to be determined by something like who asks

first. Instead te postponement manager asks the focus, which indicates that

conveying the personality of Cinderella is important. The' choice point for

Cinderella"s speed is refused permission to postpone and the deadlock is broken.

This mcans Cnderella's speed will be based on the description of Cinderella without

beina constrained to be faster or slower than the others.

Page - 22
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I II t roduc loll Choosing a peed for the Stepmother

The choice point for the stepmother's speed finally gets suggestions from the

relative choice points. It discovers conflicts with one of these suggestions and the

earlier suggestion it had received from powerful" and postpones again. Upon being

resunied te coice point asks the descriptions of the film's style for suggestions

and receives them from the oderate variety level, high energy level, and low

flashiness. Unfortunately they do not all agree and so the choice point postpones

one more time.

When it is reawakened 'it discovers that there are no more sources of

supgestions and proceeds with what it has. First it attempts to make compromises

between the conflicting suggestions and makes one that in turn generates a new

conflict. Excuses are found for rejecting some of the conflicting suggestions. The

choice point finally picks a high speed for the stepmother and saves away a

justification for this choice.

A Detailed Look at a Small Piece of Ani

The program fragments soon to be ntroduced are written in Director, an actor

languace implemented by the author. [Kahn 1978b] The fundamental units of

computation are actors. They are described elsewhere (e.g., [Hewitt 1975a],

[Hewitt 1975b], [Hewitt 1977a], [Hewitt 1977b] and [Kahn 1978d]), but briefly

they are independent modules containing both state and program that communicate

by passing messages. In Director the state of an actor consists of its own variables
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A Detailed Look t a Small Piece of Ani Introduction

and a pttern-oriented database. The program part of an actor, usually called an

actoCs cript, consists of an ordered list of methods, A method consists of a

Pattern --and body describing the actions to take if the pattern is matched by an

incoming message. Director's actors are embedded in a specialization-generalization

hierarchy wich provides inheritance of variables, database items, and methods.

Consider te following paragraph from the previous section.
Choice points are created to represent the process of picking typical
spee c1s r each character, The choice point for the stepmother's
spee f example, be 'ns by asking each of the descriptors of the
t e -)ther for Questions for her speed Only the description

"Strona" eplies and suggests a high speed The choice oint is not
b p

happy with just tt because there are not enough reliable
So it asks permission to be ostponed to wait for more

0 p
information to become available and t is granted..

What do the sentences above mean? How does a "choice point" ask "each of

tire descriptors of the stepmother for suggestions for her speed How can one ask

it ermission to be postponed"? We shall present very detailed answers to these

questions.

First we will consider what the sentence "Choice points are created to

represent te process of picking typical speeds for each character to means. It

means that some actor in Ani sent to an actor named "absolute-choice-point" the
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In trod I t 1011 A Detailed Look at a Small Pece of Ani

message "make (choice-point-of stepmother speed)" as follows

(ASK absolute-choice-point MAKE (choice-point-of stepmother speed)

This creates an actor named "(choice-point-of stepmother speed) which is

an instance of "absolute-choice-point". This newly created actor just knows its

task which is to choose a speed for the stepmother. When it cannot handle a

M e s G (a g e i t will ask it absolute-choice-point its parent, to handle i t.

"Absolute-choice-point can handle a few trivial messages and otherwise passes

them on along to "choice-point" who can handle about ten different messages

ranging from requests for making a choice to receiving and combining groups of

suggestions. "Choice-point" in turn passes those messages it cannot handle on up

to Something VT a primitive actor in Director. The piece of the inheritance hierarchy

.involved in this example is depicted below.

I. Director does ot dtinguish between upper nd lower case. In the text that follows Director
primitives re n upper cse, for expository purposes.
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Figure 12 A Piece of the Inheritance Hierarchy

Some ctor wants to know what the stepmother's speed i's so it sends the

new coice point a message asking it for its choice as follows.

VSK (hoice-point-of stepmother speed) RECALL YOUR choice)

A method for "recall your choice" is found in "choice-point".1 The real method is

I If thcre was no such method, the geiieral method for essages matching '(recall your would
have been fmind n the primitive actor amed Something istead.
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A Deta iled Look t Small Piece of A ni

quite long and complex so what follows is a simplified version for exposition. The

method ws dded to "choice-point as follows.

(ASK choice-point DO WHEN RECEIVING (recall your choice)

If the rne�saZ-e recall your choice' is sent, then

(COND ((ASK MYSELF RECALL YOUR current-choice))

; i nwer wh m crrent choice if I have o.

T ; ; 0- thervise I ether hve never tried to ake this choice before

or I tried T bUt postponed for ome reason.

(LET ((Postponement-reasons

(ASK MYSELF RECALL YOUR postponement-reasons)))

So I recail hat my reasons for previously postponing were.

(COND (ULL postponement-reasons)

There re o reasons so I've this is my first try

(ASK MYSELF combine suggestions

I combine the suggestions I get by

(ASK MYSELF collect suggestions from

asking myself to cllect sggestions from

the fst of my sggestion sources

,(FIRST

(ASK MYSELF

RECALL YOUR suggestion-sources)

T If I've peviously postponed work on my choice

(ASK MYSELF continue to recall your choice

; ; this part is eally mch more complicated

despite (FIRST postponement-reasons))))))))

The running of this method produces the following series of transmissions.

i. If seeing lots of programs epecially in a strange language, disturbs you. take heart n the fct that
only this section of this chapter has much.
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FlYst "P if vflue is alre,-idy chosen and if so it is rettillied

PSK (choico-point-of stepmother speed) RECALL YOUR current-choice)
NIL NIL is rcturned indjctltjjl� lio choice has been rnade yet

Np,\t �Pe if us ttempt to choose a value temporarily gave up

(ASK (choice-point-of stepmother speed) RECALL YOUR postponement-reasons)
NIL ; The M L i-eturned means that this is first time it has been asked for a value,

Now spo v,ha h possibie sources of suggestions r.

(iisk (chnice-point-of stepmother speed) recall your suggestion-sources)
Thr f?JJw-:jn- Is Vturned aftei- eng found n absolute-choice point'

a 1 s I t - u g g e s t i o n sT hes. f i rst t h ree sou rces a re gouped toget her

n(,iqlilior.s-tibsoltite-sLiggestions indicating that they should be explored together.

O-PJ)05iteS-at)501[lte-SLiggeStions)
reliti�,,e-stjggcstions

global-suggestions)

(ASK (choice-point-of stepmother speed)
Collect SUggestions from (absolute-suggestions

neighbors-absolute-suggestions
opposites-absolute-suggestions))

The last transmission invokes a method search which finds the following

(again "doctored") method in "choice-point".

(ASK choice-point DO WHEN RECEIVING
(collect suggestions from (?first-suggestion-source %rest-of-the-sources))

W 11cil I get a messa e ask, to collect sug
2: ing me _gestions from a list of sources

I i�,ither air) the suggestions font the first of the sources
alld cornbine hn wh those font the est of the sources

(APP[ND
(ASK MYSELF collect suggestions from , f irst-suggestion-source)
(ASK MYSELF collect suggestions from rest-of-the-sources)))

THs method is pced near the end of the list of the methods 'in "choice-point".
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111troductioll A Detailed Look at a Small Piece of A ni

Before it are methods for actually collecting suggestions from a single source. An

example is the following one for collecting what are called absolute-suggestions

(ASK choice-point

DO WHEN RECEIVING (collect suggestions for absolute-suggestions)

when I 'et message asking for bolute suggestions

(ASK MYSELF

ASK YOUR thing i assk my thing, i.e. the object I a making ssome cholci� --ibout

to collect suo-i,-estions for the element or aspect of my hng that I m diorising

collect sggestions for (ASK MYSELF RECALL YOUR element)))

This method causes a message to be sent to the "stepmother" asking her to

collect sugclestions for her speed as follows.

(ASK stepmother collect suggestions for speed)

The method invoked by this transmission had originally been added to an actor

named character", the stepmother's parent, as follows.
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A Deta ded Look at a Small Piece of A ni Introductioll

(ASK character DO WH[N RECEIVING (collect suggestions for ?element)

-(71 a mrss,10'e asking for uestions foi- a apect of myself

(ASK MYSELF RECALL EACH ITEM MATCHING

then foi- eveq ie n y dabase that matches the following pttern

(description type ? ;; ny ype of descriptor is fne

descriptor ?the-descript.pr

; ; call the descriptor 'the descriptor'
source ?,) any source

THEN

(ASK he-descriptor COLLECT ITEMS MEMORIZED MATCHING

the I ask the descriptor to search its database for items

inatching the follow pttern

(suggestion element element

a sggestion whose element is what we are looking for

value 

strength 

source

We are now at the point corresponding to the second sentence in the

paragraph which is Te choice point for the stepmother's speed, for example,

begins by asnkihg each of the descriptors of the stepmother for suggestions for her

speed The method above initiates the following transmission
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I fit rod I t 011 A Detailed Look t a Sniall Piece of Ani

(ASK stepmother RECALL EACH ITEM MATCHING
(0scription type ?

descriptor ?the-descriptor
source 

THEN
(ASK , the-descriptor COLLECT ITEMS MEMORIZED MATCHING

(suggestion element speed
value 
strength 
source ?)))

Which in turn generates the following transmissions.

(ASK ug ly COLLECT ITEMS MEMORIZED MATCHING ugly is a descriptor of the stepmother
(su(gestion element speed

value 
strength 
source ?))

NIL 'U�-dy' has no s112,2'estions for peed

(ASK ean COLLECT ITEMS MEMORIZED MATCHING
(suggestion element speed

value 
strength 
source

NIL Neither does "wan'
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(ASK strong COU-ECT ITE14S MEMORIZED MATCHING

(suggestion element speed

value 

strength 

source ?))

it nvn� ou h only "sti-ong" hs a suggestion. the following one

(suggestion element speed

vrilue high

strength medium

source strong)

Introductioll

(ASK evil COLLECT ITEMS MEMORIZED MATCHING
(suggestion element speed

ValUe ?
strength 
source ?))

NTL ; E" i no uestions for peed

(ASK selfish COLLECT ITEMS MEMORIZED MATCHING
(swigestion element speed

value 
strength 
source 

NIL ;; Nelthei- does elfish'

We hve just witnessed what was described in the third sentence, "Only the

description #I strong" replies and suggests a high speed".

This suggestion from "strona" is then returned by the "stepmother" and the
-nessag it

"(collect suggestions for absolute-suggestions) previously sent to

(choice-point-of stepmother speed)" also returns the suggestion from "stron "9

There are still two other suggestion sources waiting to be tapped
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I Ineigl)bor�-,--ib�,olute-suggestions" and "opposites-absolute-suggestions' They refer

to SUggeStions from the antonyms and synonyms of the descriptors of the

stepmother. The methods for collecting these suggestions are smilar to the ones

just described, In tis case they return no suggestions at all.

The suagestions gathered are then combined with any other suggestions
topreviously aathered. In this case there is only the one from strong", so no conflicts

are looked for, no compromises sought, or problems postponed.1 This suggestion

from "strong of is added to the "(choice-point-of stepmother speed)". The

suggestion-sources" of te "choice-point-of stepmother speed) to is set to those

sources left, i.e. "(relative-suggestions global-suggestions)".

We are about to see what was described in the last two sentences of the

paragraph. The coice point is not happy with just that because there are not

enough reliable sugcyestions- So it asks permission to be postponed to wait for

-more information to become available and it is granted." An actor called "postponer"

is ten consulted as to what to do.

is a complex piocess that would at least double the length of the section if included It
Is deso ihrd in 'Section D Combining Value ug on page 95.
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(ASK postponer hould (choice-point-of stepmother speed)
postpone with ;; the following Suggestions

((suggestion element speed

value high

strength medium
source strong)) ;; and the following nmber of conflicts

0 conflicts)

The ansv,,er fron) postponei` to postpone follows.

(postponed not-happy-enough)

"Postponer" compared the suggestion in the message with the it minimally good

sample suggestion" of the "(choice-point-of stepmother speed)" (which 'it inherited

from "abr,OlUte-choice-point" and was set 'Initially by the "focus"). The comparison

in thi cse indicates tat the suggestion from "strong" is not good enough and so

postponer" says to postpone.

The "choice-point-of stepmother speed)" then remembers the reason.

(risk choice-point-of stepmother speed)

add not-happy-enough to your list of postponement-reasons regardless)

At this point the choice point has altered its internal state so that upon

Meaning it will know why it postponed previously, what sources of suggestions

are left, which ones have yielded suggestions, what the suggestions have been

gathered so far are, and what conflicts have yet to be resolved.
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The choice point finally returns "(postponed not-happy-enough)" in response

to the original essage to choose a value". By doing this it has indicated to the ctor

that oiginally asked it for its choice that 'it has postponed its choice until later (and

why), This ctor can itself try to postpone to wait for "(choice-point-of stepmother

speed)" or can decide to go ahead without knowing how "(choice-point-of

cteprnother peed)" will decide.

The explicit form of "co-routining" between choice points has proved to be

very fxible nd general. It is up to each actor to obtain permission to postpone

and to save away what it wants for its reawakening. A more conventional

co-routining echanism can be difficult to control and reason about. The major

di,,,--;advanta,;,,e of the kind of explicit co-routining that goes on in AN is that any Fictor

that ues it must have code that decides to postpone, that records some state

information, and inspects such information upon reawakening. The inheritanc- of

methods Find state from more generic actors greatly reduces this burden on an

implementor however.

This long description of just the first attempt (out of ten) to choose a typical

speed for the stepmother is still sketchy. I hope it has served its purpose of

conveying just what really happens inside of Ani and making it obvious why this

level of description 'is confined to just this one section of a chapter in this report.
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The Mecha isms Involved

The example of the choice of a typical speed for the stepmother involved most of

Ani's mechanisms for making choices. The general procedure begins with tile

exploration of a set of related choices represented as choice points. Each choice

point starts by gathering up sqggestions by asking the elements of its it choice" for

SLJgclestions. The choice points evaluate the suggestions by combining closely

related ones, classifying any conflicts, and noting any missing information. Tile

choice points which run into trouble ask permission to postpone themselves until

more h been decided, while the satisfied ones make their choices based on the

csuggestions gathered. Permission to postpone is granted depending upon the

reas-on for desiring postponement, te state of other choice points, and whether the

choice in question is part of the focus of the object being created. The intent is

that when te choice point is awakened more information (or constraints) might be

available making the choice easier. If permission to postpone 'is refused, more

effort is expended despite the difficulty (e.g., more suggestions are gathered or

conflicts are resolved). if no more progress is possible then a choice is made and

itS jUStification is recorded.
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The Mechanisms Involved

Suogestions re like rules, advice, or hypotheses that are rejected, modified,

combined, ad compromised. Suggestions differ from facts in that they typically

conflict c--)moncr temselves, are rejected or compromised, and possess degrees of

reliability or strength. Suggestions are often ignored or modified with minor

consequences. Ani is constantly faced with contradictory suggestions and spends

much time detecting, classifying, and resolving these conflicts. Conflicts are

resolved by making compromises and by rejecting some of the suggestions.

A coice point represents the exploration of a choice. Each choice point

responds to messages asking it to accept suggestions, to combine suggestions, and

to make choices. A choice point maintains 'in 'Its database records of the best

GLJg'(Ye!,-,tions so far conflicts between suggestions, postponements, and the sources

of suc-7estions that have already been tapped. Choice points decide whether a set

Of SLJ�estions is adequate, more work needs to be done, or permission to postpone

should be sought.

If a coice point finds no conflicting suggestions for a value, the decision is

simple clod it just picks the value suggested. More typically there are mny

suggestions and tey don't all agree. It is important that these conflicts be resolved

ass sensibly as possible if there is to be any coherence. The general approach is to

use tire euristic with the strongest criterion of applicability.
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The criteria for rising a choice between two conflicting suggestions are

a te strength of the suggestions,

i the degree of compatibility with the other suggestions,

c the extent to wich the sources of the conflicting suggestions have

had other suggestions followed, and

((I) tire number and kind of sources of the suggestions.

If the difference between te conflicting suggestions is great along any of these

dimensions, te rule associated with the criterion is used.

Postponement is an important component in the making of choices that are

interdependent. One choice adds new constraints that strongly influence later

choices. Aesthetics only emerges when there is a set of inter-related choices;

one hesitates to call an isolated atomic choice aesthetic. Because of this the

or-der in which subproblems are attacked is very important. We want the

relatively straight-forward choices to be made frst because they already have a

strong consistent ustification We want the choices with the least basis for a

decision to be postponed as long as possible in the hope that by the time a

choice finally has to be made additional constraints will have been added.

Otherwise t coice has to be made on a relatively arbitrary basis and if

chosen bdly will cause trouble. Additional constraints often make the choice

between the conflicting alternatives easier. The result of this control strategy is
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that the final product is more coherent and less arbitrary.

The postponement echanism is designed so that the choices with the most

ju�-,Ufication are ade first, then those that are difficult due to conflicting

sup,,,--c.��Jtons, followed by those with the least to go on. The order in which

postponed choice points are forced to continue 'is under-determined by these

criteria. The unordered choices could be made in parallel, however the

interdepondencies between them are such that the order of execution could

adversely affect some of the decisions.

To hp avoid this arbitrariness, we have a structure called the focus of

the object being created. It describes the parts or aspects that are primary or

d es P r v eemphasis (e.g., Cinderella's personality, her relationship with her

stepmother, the second scene and so on). Those choices that relate to the

focu-s (e.g., Cinderella's speed) tend to be made frst and so are more likely to

be, �,,elf-consistent and effective because they are not constrained by choices yet

to be made.

The goals of ts process of choosing is that the arbitrariness of ech

choice be inimal and the coherence of a set of choices be maximal. In Ani's

filrnrriakina this eans tat each choice of any consequence should be compatible

with the description of the film and Ani's general nimation knowledoe,

Arbitrariness is minimized by use of knowledge in the form of suggestions and

from the guidance of the focus. Coherence in general is a requirement upon the
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internal structure and inter-relationships of the parts of the object. Coherence

for AN means that the choices for the relative dynamics of the characters be

satisfied nd that te choices of activities of the characters be self-consistent

and compatible with te choices of the character dynamics. The aesthetics of

Ani's films are a result of this striving for coherence, this minimization of

arbitrariness, and te currently small amount of knowledge about animation and

emotions tt Ani brings to bear.

ExampleG of the Elaboration of a Scene

To illustrate how a scene is elaborated let us consider how the second scene

was animated, All that Ani is told is that 'it is long and in it should be

conveyed tt Cinderella wants to meet the Prince, that her stepmother

prevents tat meeting and then Cinderella becomes very unhappy while the

stepmother becomes happy. Ani animates this scene as can be seen by flipping

the lower ri-lit corner from page 85 to the end. First Cinderella and the Prince

are pced on opposite sides of the screen. Cnderella moves a small way

towards t Prince. Then the Prince begins to move in 'a slow arching manner

along te bottom of the screen while Cinderella tries to move towards him. Her

stepmother moves quickly from off the screen in front of Cinderella thereby

preventing tier from moving towards the Prince. The Prince continues to wnder

along te bottom while Cinderella repeatedly tries to move towards him only to

be blocked by her stepmother each time. Towards the end of this activity
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In t rod I r I oil Examples of the Elaboration of a cene

Cindereila"s ovements become more eaden while her stepmother's movements

become ore bouncy and spirited.

It is hd to describe completely how Ani animates this scene because

there re so many decisions and they are made at many different levels, Ani

not only lad to choose te activities, but also how the characters should move

in them nd how often sequences should be repeated. The initial locations of

the caracters also had to be chosen with care, Perhaps the best way to see

how Ani mde this scene is to just consider a few of the different types of

decisions rnade.1

In the second part of this scene Ani needs to convey that Cinderella is

prevented by her stepmother from meeting the Prince. First suggestions as to

what hould hppen are gathered to provide a few alternatives to pick arnong.

The Fictions are represented as actors2 that can be asked for suggestions. In

this case te main action is "Prevents", so the actor for "Prevents" is asked for

suggestions. It suggests one of the prerequisites or enabling conditions of

it meeting ft be undone. The computation proceeds by asking "meets", the activity

1 I onfrss that In what foflow I probe ito Am's reasoning at the stronger or more llltffestffl�'- P11-ts.

Oftrn A IO makes choices wth little bsic since bcause ome apect is underdeveloped. What foliow Is

Intrilded to gVe od on of A -'s decisio mking nd kowledge base.

Actoi-s r cornputational entities that combine both program and data. They cmmunicate by

and rcel"'Ing mssages, They are described i mre detail in Section D 'The Utility of Actors
f o r A o i i pag e 4 4.
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involved, for, the prerequisites of Cinderella going to meet the Prince. it replies

that Cinderella ust be able to move ("can-move") to the vicinity of the Prince

and ht the Prince must initially be of on-stage". "Can-move" is then asked for

sug�yc�,;tions for how te stepmother could make Cinderella unable to move to

the Prince cited replies that the stepmother can either "stand guard" (where the

stepmother repeatedly blocks Cinderella from moving to the Prince), "make a

fence" wre te stepmother moves leaving behind her a trail that Cinderella is

unable to cross), or kiii Cinderella. "On stage" is also asked for ways of undoing

the fact that the Prince is on stage and suggests that the stepmother chase him

off the creen. Ani's coice among the suggested activities depends upon how

well their prerequisites are met, how well conditions which describe when the

activities are most appropriate are satisfied, the strength with which the various

activities were suggested, how well the activities can be run in the time

allocated for ts portion of the scene and how often each activity has been

planned for other parts of the film.1

Ani chooses the activity of the stepmother standing guard between

Cinderella and te Prince for this subscene-2 Many more choices need to be

made after deciding that tis will happen. How often should the sequence of

1. e Chapter 11 The Mking of the Cinderella Fm' on age 62 for details on how this hppens.
.ect'on 'The ept Apart Scene 01) page 65 provides more details and explains why this as

Chosen.
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Cinderella moving towards the Prince, the stepmother chasing, Cinderella giving

up, nd the stepmother relaxing be repeated? How fast should the stepmother

move? How should Cinderella move? From where should the stepmother initially

.- V 9
cappect,

Each of tese choices is again based upon as much relevant knowledge as

is feasible. AN cooses a high speed for the stepmother because she is strong,

faster than Cinderella, different from the fairy godmother (who has a medium

speed), the desired level of energy of the film is high, and it is consistent with

a moderate level of variety in the film, And yet Ani alters the stepmother"s

speed in tis part of the second scene. When the stepmother is moving to get

in front of Cinderella, she moves much faster than usual. Ani also increases

Cinderella's speed in tis scene but is careful that the stepmother 'is still faster.

Even the normal speed increase for this activity is altered- it is lessened in

order to stretch the running time of this subscene.

By now te reader should have some feel for the kind of reasoning and

knowledge involved in Ani's film making. My goal is that wherever you probe

into Ani's decision making you find a few relevant aspects of the original film

description combined in a reasonable way with a few general pieces of

knowledge to make a sensible choice.
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Section D The Utility of Actors for Al

Hewitt ([Hewitt 1975a], [Hewitt 1975b], [Hewitt 1977a], and [Hewitt 1977b])

has developed a computational semantics based upon the concept of an actor.

An ctor i an entity tt communicates with other actors by passing message$.

An actor lad,, its own state and this blurs the distinction between program and

data. The idea is to give each actor the full capabilities of the digital computer

that implements them.

Ani was implemented in Director which is an actor-based language

developed by the uthor ([Kahn 1976b] and [Kahn 1978b) and as such provides

evidence for the claim tt actors are useful building blocks for mplementing

large Al systems. Inside Ani each character i's an actor, as is every descriptor,

character comparison, choice point, plan, method, scene, relationship and activity.1

The convenience of being able to place knowledge in an actor by adding items

to te date associated with each actor and the power of being able to

associate arbitrarily complex programs with the same actor were very important

in easing the task of implementing and modifying Ani. Director's actors provide a

means of chunking knowledge much in the ay that frames do in FIRL ([Roberts

1977a] and (Roberts 1977b]) and units do in KRL [Bobrow 1977]. The use of

I. Idealiv ever,"t in the m tern should be n actor-. In Director this would be too inefficient; it)
L111,11'a-es Bill as� Snu111talk nd Act I this is ot the cse.
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tire task of keeping the different components
actor�; cased nd bodies of

knOWIE!dge of AN as independent and modular as possible. Without this high

de�ree of modularity, AN would have been much more difficult to design,

implement, and debug.

Actors are important to Al not only as better building blocks for

implementing itelligent systems. There is a way of thinking about how to

Organize complex systems that is sometimes called "the actor philosophy". It

takes as the primary metaphor for modeling intelligence a community or society

as oppos-ed to the more traditional model as an individual. Knowledge and

Contro i distributed to the extent feasible. This is not to suggest that it

advocates nrchy over the commonly constructed hierarchical structure. There

a-re many conventions and patterns in the way the components of a society

interact. The implementation of Ani was strongly influenced by this view

(perh--ips not as much as it should have). For example, each source of

suggestions is an independent module that puts forth its views of what should

be done --end in the case of conflicts with other sources becomes involved in the

process of compromise or rejection that follows. The components of Ani are

semi-autonomous but are not as independent as the subsocieties of aaents in

the "Society Theory of Mind" presented in [Minsky draft).
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Section E Ani as a Computationa-1 Model of Creativity

It i irrelevant whether the system is runn Ing deterministically; what
n7akes ur cc711 it a "choice maker" i's whether we can ide with a

o-h-level description of the process which takes place when te
proararns und,, On a low (machine lanauage) level, the program looks
like any other program; on a high (chunked) level, qualities such as
wifl" intuition" "Creativity", and "Consciousness" can emerge.

Doughs Hofstadter [Hofstadter i979 pge 70

A major contribution of this research to Al is a computational model of te

design of an object. Much of what Ani does in making a film might be

generalizable to the creation of such different objects as mathematical proofs,

short tories, diagrams, or recipes. The creation of an object often begins with

a description of a set of parts, some relationships between the parts, a temporal

description of the interactions of the parts and some global constraints. it is

very often useful to make comparisons between the parts to determine their

degree of similarity and teir level of uniqueness. The framework in which

Suggestions,, from tese various components interact and are combined in Ani,

should be applicable to many domains where one has ill-defined goals in a very

large space of possibilities. The postponement of difficult choices and the

guidance from a focus are also components of the creative process.
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A - a Computatlowil Model of Creativityliltroductloil

IntimcItely connected to thi s model of creativity as a c as's 0 f

knowledge-oriented processes is a computational vew of aesthetics. The two

aspects wch relate to aesthetics are Ani's avoidance of arbitrariness and

striving for internal coherence in te films. Thoughts about how an "aesthetics

expert 11 could be incorporated into Ani are presented n Section F "Incorporating

a General Theory of Aesthetics" on page 194. Aesthetic issues are discussed in

Section B "Ani n Aesthetics" on page 223.

Section F Other Systems that Create Aesthetic Objects

There are many computer systems that are caimed to create aesthetic objects.

Few of these are based upon a knowledge 'Intensive approach as is Ani. The

two sy�-,tems that I feel some kinship with AN are Meehan's Talespin and Lenat's

AM. They are discussed below. A discussion of other less closely related

research can be found in Chapter VI "Other Research" on page 129.

Talespin

The problem in writing stories by computer i's not how to choose the
level [of abstraction], but rather how to proceed once the level is
chosen.

-James Meehati Weehan 1976 pge 107

One system that creates objects that are usually judged primarily on an

aesthetic basis is Meehan's "Talespin" [Meehan 1976]. It makes up fables about
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Talespin Introduction

talking ers, birds, and so forth. Talespin is told the initial conditions (e.g., a

bear is hunpry and a bird in a tree is sleepy) and spins a tale based upon a

high-level iulation. The caracters of the story generate plans to satisfy their

needs and desires. Executing these plans causes the characters to interact

forming te substance of Talespin's stories, The resulting stor' plausible

but typically not very interesting or aesthetic since there is no higher-level

structure. to te stories and no notion of style or focus. Talespin has no sense

of tory aesthetics (e.g., a long story about a hungry bear trying to get food will

end abruptly if it just happens across some food). Talespin is primarily a

mechanism for producing realistic or plausible stories, not for creating literature)

Meehan's research, despite te problem domain, i's primarily concerned with plans

and symbolic simulation, not with aesthetics.

Talespin is often faced with aesthetic choices: what name to give the bear,

where the crow should be, wat kind of food should be available, and so on.

These story aspects are aesthetic 'in our culture because they are aspects that

we try to interpret as the result of purposeful choices made by the author.

Not every aspect. of a story is aesthetic. The number of letters in the name of

,q bear, the locations of the word "crow" on a printed page, and the amount of

ink used in a description of food are not typically considered aesthetic choices.

I. This point i clouded by a contemporary school of aesthetics that emphasizes a 'slice of re-fl life'
stylo, Peallsnc storles. liyper realistic pammigs, aiid cinema, verite are all manifestations of this view.
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Taieyin

And writers rarely make deliberate choices regarding these aspects.

Talespin, however, rarely makes deliberate choices for those aspects that

are norniaily considered aesthetic. Instead it either is told by the user,

if choo(_-,es" randomly, chooses based upon a symbolic simulation of tile characters

involved, or chooses that which will help give the story a particular moral. The

first two caqes are not choice-making at all. The third is an interesting

alternative to (or supplement of) the model presented herein. The difficulty is

that sinlUlation is concerned with plausibility, with having the components te

characters in the story) behave in a reasonable way. Aesthetics, on the other

hand, is concerned with creating the world that such a simulation occurs 'in, with

determinincy the rules of interaction, the goals of the components, and te initial

condi ti ons. The moral-fulfilling aspect of Talespin is more relevant to aesthetic

choice. Unfortunately, it is a small, under-developed part of a large system,

There inre many differences between the Ani and Talespin. Ani must

describe, each character and each scene in great detail in order to actually

animate thern wile a story can leave out many details (and the story maker

need never even think about them). AN takes into account many aesthetic and

stylistic parameters such as the level of variety, complexity, subtlety, flashiness,
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Talespin Introductioll

cohe rence, and o on I AN can focus on those aspects declared to be

important. Ani be6ns with a high-level description of a film, while Talespin

starts with a description of te initial conditions and sometimes a moral that the

story sould have. Talespin simulates its characters, while AN first arranges,

predicts and pns things so that te subsequent character simulations ufill

higher-levei goals. Subsection I "Relying Upon Knowledge Rather than

Simulation to on page 205 contains a discussion of this aspect of Ani.

To be lli ir, A ni's conception of tese aesthetic nd stvl' is wak. The desired eve ofI 11 stic parameters
flashinpss. for ex-ample, influences Am's decisions in only a few places. On the other hand, Talespill
does not een attempt to take sch factors into account.
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Introrli, I I oil Talespill

Lenat's Artificial Mathematician

Perhaps te areatest difference between AM and typical heuristic
Search procedures is that AM has no well-defined target concepts or
tar et relationsr�hips. Rather, 'ts "goal criterion" -- its sole aim -- i to
n7axi.n7iI2e te interestingness level of the activities it performs, te
priority ratinas of the top tasks on the agenda. It doesn't mattc,,-
precisely whic dfinitions or conjectures AM discovers -- or misses
-- ;o 017f-r as it spends its time on plausible tasks. There 's no fixed

0 I

_,,�et of theorems h AM should discover, so AM I's not a typical
problern-solver. There is no fixed set of traps AM should avoid, no
sm-V/ et of leo-al moves, and no winning1losing behavior, so AM i's not
a typical gsa pjayer.

- Douglas Lenat (Lenat 1976) 1). 

One of the more creative Al systems of late is Lenat's AM [Lenat 1 976]. AM

starts ith very elementary concepts such as sets, composition, and equality.

AM ceates many new concepts, makes conjectures, and discovers new aspects

of t oiginal concepts. AM's heuristics propose tasks to perform that are

cxplorations of this space and these are placed upon an agenda. The tasks on

the a�-enda tat are most interesting are performed frst.

AM is probably the research most related to the work described here.

This my seem odd since AM's domain is elementary mathematics which is very

formal and well understood --- almost the antithesis of aesthetics and rt.

Mathematics is formal and good models of it do exist, but, as Lenat points out,

the exploration of mathematics, the heurstics that guide one in mking
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Artificial Mathematician Introductioll

conj ec ture s, in constructing new concepts, and 'in evaluating them, in other

the doina of athematics is neither formal nor well-understood. The

problems tat Ani and AM address are both weakly specified: making good

nniniation nd discovering interesfing, mathematics. Both systems construct

qtructures out of a very large space of possibilities. Since the creations of AM

and Ani care not judged as right or wrong --- but as interesting or dull,

plausible or impiausible, good or bad --- aesthetic choice plays a crucial role.

Both AM and Ani are knowledge-oriented, in contrast with other approaches

which ae �;iniulation-based, search-oriented, or based upon a few very general

pieces of knowledge. Both systems spend a considerable portion of their time

deciding wat to do, in addition to doing it.

There are many differences between the two systems, of course, The

proposed tasks of AM can be viewed as suggestions from various heuristics as

to wat qhould be explored, however they are not treated as Ani's suggestions

are (e.g., combining, compromising, relating, and so on). AM has a focus of

attention which tends to keep AM from JumpnIg from topic to topic. Ani's focus

instead inflLlenCeS the relative priority of the elaboration of the different parts.

The control structures of te two programs are very different. AM keeps

executing the most interesting task on its agenda, while Ani jumps from choice

to choice on te basis of their past difficulties and the focus. AM executes its

tasks in a fairly straight-forward manner, while Ani works on a choice by

gathering, combining, and rejecting suggestions, noting and classifying conflicts,
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I IIti-od Lenat's A rtificial Mathematiciall

makinn- compromises, and searching for more suggestions.

A Digression into Aesthetics and Mathematics

Popular views of mathematics, includino, the one that informs
m,-3themafical education n our schools, exaggerate its logical face and
C10value all connections with everything else n human experience. By
doincy so, they fail to recognize the resonances between mathematics
and total human being which are responsible for mathematical pleasure
and beauty.

--Seymour Papert [Papert 19781 p. i 4

Many people would be surprised to hear that Ani and AM are so similar in spirit

-and purpose. They think that mathematics is formal, dry, precise, and otyical

while -nimation (or art in general) is intuitive, informal, inexact, and emotional.

There is sorne truth to tis view of the products of the mathematics and art,

but te differences nearly evaporate when considering the processes that makes

tire. Both rt and mathematics are appreciated for their beauty.1 More

significantly both are partially evaluated on the basis of their structure and the

quality of the tought or reasoning underlying their creation. Mathematicians

often speak of what they do in terms such as beauty, creativity, aesthetics, and

1. It is an open uestion whether they r vry different kinds of bauty. however. In Subsection I
"%Unit Aesthetics a present a multi-faceted view of aesthetics h is n partially
apphcable to mthematics. N(ithen)-itical esthetics shires uch with art aesthetics but differs n any
sG,11'ficallt wave sug, iiig tat they mght both be Oistatices of some more general (aesthetics.
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A Digression no Aesthetics and Mathematics Introduction

in tui ti on. In both domains one appreciates a complex product that is the result

of simple means,1 Mathematics epecially doing mathematics) is much more

loose, intuitive, and emotional than is commonly thought. This thesis argues that

art too is loose, intuitive, emotional and so forth, but that these aspects need

not remain vcmue and mysterious but can be explicated, made more concrete, by

bu -11ding computational models of these processes.

I See �pctlon B 'Apsthetic Systems o pe 133 for a discussion of this.
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Itroduc to II A Dig tsion Mto Aessthetics and Mathematics

Section G Animation -- What is it?

A nimatiO17 iq an animated film.
A protest agrainst the stationary condition.
Animation transportina movement of nature
directly cannot be reative nimation.
AtVnV-7tion i a technical process n which the
final result nust always be creative.

TO nimate: to give life and soul to a design,
not throua-h the copying but through the transformation of reality.

Life, is wrmness.
Warmness is movement,

Movement is life.
Animation is aiving life; it means 'ving warmth.

0 91
A nimatiO17 could be tepid, warm or boiling.
Cold animation is not animation. It is a still born child
Practically, imation is a Iona rubbing o( tree against tree n order to get

r.parkle or perhc7ps a little smoke.
Take one kilo of ideas (not too confused if possible),
five kcr of talent, ten kg of hard work and a few thousand designs.
Shake it all together and if you are lucky
you will not get the right answer to the question.

--Statement of several Yugoslavian nimators

It's a way that I have found to make films where can control

e verything,

---Eliot Noyes. Jr. [W hitney M useum 1976 pge 81
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A nmation What is it? 111ti-OdUCU011

To tnnmy, "animation" is synonymous with the cartoon a narrative
created y step-by-step drawing on and animation of cells, or cards...
But, in fact, imation ranges from the well-known cartoon to abstract
desians and collaaes.

-[Whitney Museum 1976 pge 3

Animation is the creation of an illusion of change and motion. Typically this

illusion is accomplished by filming frame-by-frame successive drawings or

positions of three-dimensional models. When the film is played back at a

sufficiently high speed the discrete changes between frames are no longer

perceived and imaaes appears to move and change continuously. This differs

from live-action film wich attempts to reproduce changes in the real world-I

Animation is not limited to the medium of film. The nineteenth century saw

the invention of zoetropes and other devices for creating the illusion of motion

by quickly changing which drawing is visible. One very old medium for animation

that is still in use today is a flip book of drawings which the viewer flips

throuah very quickly."' Today some animation is produced solely with video

equipment. A more esoteric animation medium consists of very quickly oving

lasers that moke animated drawings inside of planetariums. - The animation

1. The dtinction oes ot concern the mages that make ty the film, for an animated fa cn be
Collsti-ticted totally of real orld iages rather than drawn or constructed images. Such fms are called
pIX11"Itions -id e animation because they create a synthetic motion.

The pctures in the corner of this report are based upon the same idea.
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I I-it o I ctioll A niniation - W N t is it?

i G C LI ' S Od in this report is generated within a computer's memory and can be

displjiyed by any of the animation media. Typically computer animation is

displayed by sorne sort of computer graphic display (often a television set),

thoun-h film video, lasers, and even occasionally flip books are ued.

Animation hag no limitations of style, content, or purpose other than those

impo-�Iled by te imaginations and energy of animators. Cartoons drawn upon cels;

(layers of clear acetate) are the most prevalent, but animated films are

prOdUCCCI tat vry from being totally abstract dynamic 'images, to simple cartoon

line dravvings, to moving portraits.

The kind of animation that Ani makes is unusual. Typically dramatic

animation uses figurative images to tell a story, while abstract animation seldom

tells story. There are a few films of non-figurative dramatic animation other

than Ani'�,. Most notable is a cartoon directed by Chuck Jones and Les Goldman

called "The ot and the. Line" which won an Academy Award in 1965. Heider

used film consisting of two triangles, a circle, and a stationary rectangle in a

series,,, of psychological perception experiments Heider 1944]. The film is very

similar to tose made by Ani. (Section A "The Kinds of Films Ani Makes" on

parre 72 discusses further the kind of animation Ani makes and why.)
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A nmation What Is it? Introdtictioll

An nimator creates a world, peoples t, defines its laws, and orchestrates

its events. Tis view of animation is probably what Alan Kay, who among much

els i an innovator in computer graphics, meant when he said that animation is

simukation. Te behavior of several interacting entities can be smulated by ocal

computations. I a(yree fully that animation itself is most profitably thought of as

simUlation and in fact AN simulates te film's characters. This thesis, however,

arclUeS Stronaly that te process of esigning and conceiving animation is much

more th,111 SiMUlation because of its use of high-level reasoning and knowledae.

Ani simulates but, more importantly, carefully arranges the initial conditions and

chooses te outcomes in probabilistic situations so that the desired events

happen -rind at the desired times. To plan and arrange these things Ani often

mcnkes crude predictions such as how far a character will move before being

stopped or how long an event will take. Animation 'is smulation; the creation of

animation is problem solving.
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inti-Oduction A nmation What is It?

Section H Ani and Computer Graphics/Animation

In the evelopment of computer graphics, one very important area
,-�eems to be lagaing the other areas rather markedly -- and
remarkabl It is the area that is inverse to abstraction. Let me call it

�li r Ua liza t io nThe basic notion is that the essential features of a
comple,%- structure or process can be abstracted from the residual
delail and represented succinctly and economically for many uses, but,

vi,hon it comes time for realistic presentation of the structure or
process, te detail has to be put back in -- or, as in an architectural
drawina of a brick building, at least artfully suggested Both te

process of abstraction and the synthetic process of
disi3bstrOction -- visualization -- are knowledge-based processes. In
the field of artificial intelligence a considerable amount of work is
being done on abstraction. It is visualization that think is being
neolected. A natural home for work on visualization is computer
g. raphics.

J.C.R. Licklider Lcklider 19761 jxige 9�

Researchers in computer graphics and animation are in the business of creating

and controlling images by computer. Their activities differ, however, from this

research in tt for the most part they keep the knowledge necessary to create

and control iages in teir heads and do not explicitly put this knowledge into a

computer. They program the computer explicitly by giving formulas and

parameters and the like. Ani is better thought of as a bad 'Imitation of such

programmers than as one of their computer graphics programs.
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The explicitly programmed control of iages by computer animators is very

sen�;ihle. --- if you know wt something should look like it is very much elier

to des-c6be to a computer the object tan to describe how the computer might

figUr'e out what it hould look like. I could have made Ani's Cinderella film

myself in a few days, instead of te year it took to build Ani. Why should

computer animators view Ani as anything more than a very crude, stupid, and

limited imitation of themselves? Because, although it took more than a year to

build Ani, it took less tn an hour to describe the Cinderella film.1 A poorly

optimized AN takes bout an hour to produce the Cinderella film. Ani can make

ninny variations of te film and, with a more complete knowledge base, could

aninin-te a re number of stories. Of at least as much relevance to computer

graphics researchers is that tis research makes explicit some of the knowledge

that is involved in aking computer animation.

A mjor clairn of this tesis is that Ani makes choices which is something

that computer graphics programs do not currently do. People are often confused

abOLIt thiS. Ani is a collection of explicit deterministic procedures as are all

COMPUter graphics programs --- so how is AN able to make choices? The

distinction is subtle and depends upon dfferent levels of description of

:�11-111))V escribill':'. a f1111) to An) (M not Ulke MUch time, but if Ani' kowledge base contains only

- f%, of tile descrytors o activities described thei a good deal of time needs to be pnt add'n the
111issing, Ones,
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An) and Conywei- Graphics/Animation

procrarns. At one level of description both Ani and the usual computer

animation program are diligently executing the instructions of the procedures that

make them LJ P, Ani, however, can be sensibly described at a higher level in

terms of recognizing choices, gathering up relevant facts, applying imprecise and

informal rules, making choices and so on. [Hofstadter 1979] and [McCarthy

draft] oth contain good discussions of this idea.

Knowledcre is both cumulative and useful in producing computer graphics.

Knowled(ye is cumulative much the way subroutines are. It may be difficult to

implement a particular subroutine but once done 'it is potentially usable in any

Program ht needs it. Putting knowledge into a machine 'is difficult but, if done

in a sufficiently general and modular way, 'is a very good 'Investment of effort.

That it i useful should go without saying were t not that it is rrely

recognized in te computer graphics literature. Very rarely does any of this

literature connect with work 'in knowledge-based programming and Al.
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The Making of the Cinderella Film

Chapter I I The Making of the Cinderella Flm

This capter describes te Cinderella film as AN describes it to Director. Also

pre-s-ented is a high-level sketch of the process that scene by scene generated an

elaborate escription of the movie from a short and vague description. Alternatives

that Ani considered and rejected are also discussed. An explanation of how the

prograrn described herein is executed can be found in Appendix H "The Running of

the Cinderella Film" on page 250.

The Cents of the film discussed can be vewed by flipping the corners of

the pages invited in the text. Cinderella 'is the star, the Prince is the triangle, the

stepmother is te square, and the fairy godmother is the circle.

Section A The Introduction Scene

AN w told that Cinderella is good, friendly, hard working, shy and has the most

important role in the story, that her stepmother is ugly, mean, selfish, strong and

evil, and that her stepmother hates and dominates Cinderella who is obedient and

tolerant of her. In the first scene, the personalities of Cinderella and her

stepmother and their relationship are established. This scene is longer than

average and both characters are slightly happy. (it can be seen by flipping the

upper right corner from page to the end and the lower right corner from page 3

to 8)
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Cinderolh Film The introduction cene

Ani begins by assigning each of the six tasks (establishing the personality of

Cinderella, the personality of the stepmother, the relationship of the stepmother to

Cinderella, te eationship of Cinderella to her stepmother, the emotional state of

Cinderella, and the emotional state of her stepmother) to a subscene. Ani works on

each subscene separately gathering and combining suggestions. The subscenes are

then equenced, consolidated, eliminated, and reassigned resulting in the following

four subscenes.

a (This subscene can be seen by flipping the upper right corner from
Pa7e 3 to 213.) To establish that Cinderella and the stepmother
arc !Slightly happy their dynamics are slowly changed so that their
spc-.�ed, Ficceleration, activity level, and rhythmic level are increased
by abOUt an eighth. While this is happening, in order to establish
her relationship with Cinderella, the stepmother pushes Cinderella
around. AN repeats five times the cycle of the stepmother coming
into contact with Cinderella, them moving off together (in the
orKfInal direction), Cinderella continuing to coast and then moving
away from the stepmother. During the entire activity the dynamics
of Cinderella and her stepmother are altered by cutting in half the
Print of curvature in their movements and by making sure that
both characters move fast. For each component the dynamics of
the characters are also modified. (For example, the first part has
tire ,Stepmother moving 50"/, faster than normal when moving
towards Cinderella and then they move toaether at 90% of the
stepmother's normal speed.) Since this 'is the first part of the first
scene Ani needs to give the characters initial locations. The
stepmother is placed in the middle left part of the screen wile
Cinderella is placed a medium distance from her (and on the
screen).
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The Introdliction Scelle Cinderella F1n)

Thi section can be seen by flipping the upper right corner from
P �) - e21 5 to 21 9 To establish the personality of the stepmother
F� S tll C-1,Fi a d evil Ani has her chase Cinderella around. During this
sub�-cene the stepmother's speed, acceleration and activity level
are hi�h nd her rhythmic level is moderate while Cinderella's
specd Hand acceleration are low and her rhythmic level and activity
level re high. (This activity was poorly defined which accounts
for its one or two second duration.)

(c) Thk; SUbscene can be seen by flipping the upper right corner from
pnn. e 221 to 299. It also establishes the personality of the
stepmother as ean and evil and does so by having her hurt
Cindcrclla, in this case by going over to Cinderella and hitting her
10 times. This coice was reinforced by being suggested also as a
way of conveying that te stepmother hates Cinderella,

(I This section can be seen by flipping the lower right corner from
pacye 3 to 83. To establish Cinderella's personality as friendly she

N goes over to te Prince and accompanies him across the screen.
A usn u a I AN modifies the dynamics of the characters as is
appropriate for te activity (e.g. in the last part of this scene the
Prince. and Cinderella move according to Cinderella's dynamics which
are slowed down 207. from normal). Also since the Prince is
introduced in ts subscene, his location 'is ntialized as a medium
distance from Cinderella and offstage (he moves on screen during
this `Ljbscene) I

1. If A Ii %:rrr Pxt�,ndod as de,�cribed in Section D "Critics nd Criticism" on pge i89 hen tls vould
he an ds"-il te,�t case. If e want Anj to stick a little closer to the original firy tale recall hat An is
t---fld 1 vrrv C11011SCd nd ibstract vei-sion of the story of Cinderella nd cnnot be expected to follo�,.-
tho story .,e)-v faithfully without hll, there we could criticize Ani's choices for this subscene.
%Ve Could S1111*V say that Cinderella is ot to meet the Prince until the third cene and Ani would rdo
this �Ijb-"Ccllr and unless necessary no oher parts of the film) icking something else to establish
C II d 4? r e I I -IS11PI'SOIJ,-i lit Y.
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Clndpi�plh Fdn) The Inti-oduction cene

Ani dcides to make the entire first scene take between 30 and 75

seconds and estimates tat t will take 43.3 seconds (which is surprisingly close

to te 42 seconds it really took). These time constraints are one of the major

factors in detc:,�rniining ow many times the pushing and the hitting activities

should be repeated,

Holes in Ani's knowledge base turn up in running this scene and the user is

warned that Ani has no idea how to establish that Cinderella is obedient

towards nd tolerant of her stepmother. The user is also warned that Ani had

decided to hFive Cinderella help the Prince (to show that she was friendly) but

didn't know enough to pull it off and canceled it. A similar thing happened with

Shy7G SUagestion that se avoid a stranger.i

Section Te Kept Apart Scene

The "kept prt of scene is also long and in it is conveyed that Cnderella wnts

to meet te Prince, that her stepmother prevents that meeting and then

Cinderella becomes very unhappy while the stepmother becomes happy and

proud. To see this scene flip the lower right corner from page 85 to the end.

1, There re few reisons hy I nver pugg-ed these holes n Ani's kowledge base. Foi- ne there

(11,0 11)"IFIV 11111d llud I 01,11e WUld be sl)en fling them in. o another it fits my perceptions of hw an

111111-11ator does, in(leed, conceive of a fm. Often n aiiimator will think of a good idea nd hen reject

it oniv ecause lie or she does not know enough to carry it out fully.
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For this scene Ani creates the following three subscenes.

(a) This ssection cn be seen by flipping the lower right corner from
pagc 85 to 91. To convey that Cinderella wants to meet the
Prince, Ani moves her a small part of the distance towards him. In
older that this be possible Cinderella and the Prince must be at
least a medium distance apart and yet the last scene left them
ri�-ht next to ech other. To resolve this a film cut is called for
and new locations for all the characters are determined. The
str_-,pmother is no longer on stage and Cinderella and the Prince are
placed at opposite ends of the screen. To help make this
subscene ore effective Cinderella's speed is set to a high value
and se moves directly and deliberately.

(b) This Election can be seen by flipping the lower right corner from
p a e 9 to 31 1. To convey that the stepmother prevents
Cinderella front eeting the Prince, Ani repeats six times the cycle
of Cinderella oving towards the Prince, her stepmother blocking
her, Cnderella moving towards the location that the Prince is
headed only to be blocked again by her stepmothers The Prince
is set in otion just to make this activity more interesting (since
he hs nothing else to do in this scene),

(c) This section cc-in be seen by flipping the lower right corner from
Pac�e 205 to 31 1. To establish that Cinderella becomes very
Unhappy se gradually slows down and moves in long straight lines
rather than shorter curves. Concurrently, her stepmother speeds
up (,.and moves in long highly-arcing curves. This subscene has no

L Hei-e i� one of te mny places where A n wuld behave more sensibly were other .111s Of the fll-I)

takfn n cnt. Te previous subscene's effect is completely swamped by this ne. The previous

�iibc�reiw j� acceptable n its on. but considering that this subscene does its job ven better it should
either be eliminated or improved,
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Cindf-rel Fm The Kpt A part cene

activitie�; of its own and so it asked the previous subscene to
stretch is-elf and arranged to start its changes n the dynamics of
the stepmother and Cinderella at the time the previous subscene
estimated it would have stopped (had it not been stretched). The
se,cond subscene was stretched by both slowing down the action
and by increasing te number of cycle repetitions (Ani originally
planned to repeat the standing guard sequence only four times).
The ability to stretch activities depends heavily on reasonable
estimcates for the running time of the methods, The methods
involved in this subscene estimated that they would take 30
seconds and tey really took 32 seconds which 'is closer than
necessary),

VariOLIS alternatives to the first two subscenes were considered and, rejected.

For exiarnple, te stepmother could have chased the Prince off the stage thereby

Preventina- Cinderella from meeting him but this activity (as currently defined)

cannot be stretched to last anywhere near as long as is required. The "stands

gUard it method was chosen over the makes fence" method because of a better

time fit( Unlike the "chases off" method "makes fence" could run long enough).

Besides aving a better time fit the "stands guard of method was more successful

in determining tat its prerequisites were met than the of makes fence" method.

Again holes in Ani's knowledge prevented some methods from being considered

very flly (e.g., the stepmother killing Cinderella).
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Section C The No Longer Kept Apart Scene

In the next rather sort scene the fairy godmother undoes whatever the

ste�pniother did in the earlier scene that prevented Cinderella from meeting the

Prince,

This cene las only one subscene, It can be seen by flipping the upper

left corner from page 4 to 38. Ani recalls that the previous scene used the

V Vstands guard VI method and asks that method for ways of undoing it. The

suc�o�estion that the fairy godmother chase the stepmother off the screen is

rejected quickly because it would not take long enough. The fairy god mother

could hve killed the stepmother but, snce Ani does not know how to display

too* this it is dropped. One interesting suggestion is that the fairy godmother

recursively" stand guard between the stepmother and a place that is away from

Cinderella in the direction of the Prince. This was re ected because the

it standing gUard method requires that the guard be faster and dominate the

it prisoner" which is not the case here. The method chosen was to have the

fairy godmother accompany Cinderella to the Prince while the stepmother stands

by helpless ie. she does nothing), The fairy godmother moves quickly and

directly as she "drags" Cinderella along.
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Coiderelk-i Film The No Lnger Kept Apart cene

This scene is a bit confusing to watch --- things happen too quickly and

the fr-iiry godniother just appears and s quickly gone. User criticism could casily

be applied to allocate more time for this scene or to have the fairy godmother

start far frorn Cinderella. A discussion of how Ani could recognize and correct

the situation are described in Section D "Critics and Criticism" on page 189.

Section D The Meeting Scene

The nxt cne is long. First it is conveyed tat Cinderella and the Prince cre

alone, then that Cinderella "gets it on" with the Prince, and then their

relationship that they love each other) is established and both become very

happy, Flip the upper left corner from page 40 to the end, then flip from the

beginning to te lower left corner of page 96 to see this scene.

AN eventually breaks this scene down 'Into the following seven subscenes.

(a) To convoy tat Cinderella and the Prince are alone is easy --- just
carrange for all te other caracters on stage to exit. This can be
�,een by flipping the upper left corner from page 40 to 62.

0i) To convey tt they are "getting 'it on" the sequence of Cinderella
turning, followed by the Prince turning, Cnderella turning the other
way and the Prince following suit is repeated three times. A
prerequisite for this method (which is met) is that the two face
each other and be close. This can be seen by fpping the upper
left corner from page 64 to 218.
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The Meeting cene Cinderella Hni

(c) To help estriblish that Cinderella loves the prin(e she goes to him
ancl Fccornpnnies him across te stage. This can be seen by
flipping the upper left corner from page 220 to 290.

(i) The next SUbscene can be seen b flipping the lower left corner
froni paae 4 to 38, Another way to establish that Cinderella loves
tire Prince is to convey that she wants to "get it on" with him and
to do this she does the "first part" of this activity, ie. moves
towards him. Cinderella moves at twice her normal speed and
more deliberately, while the Prince moves to her at hi s normal
pace. which is as fa-st as Cinderella in this episode). Since the
previous SUbscene left the two lovers next to each other Ani
makes a "cut If , clears the screen and relocates the to at opposite
ends of te screen.

(e) This subscene can be seen b flipping the lower left corner from
page 40 to 74. To help establish that the Prince loves Cinderella
lie goes to her and accompanies her across the stage, This is the
same as te third subscene except the roles of Cinderella and the
Prince are interchanged.

(f) This oe be seen by flipping the lower left corner from page 76 to
96. As with te fourth subscene, to help establish that the Prince
loves C inderella, lie moves toward her to conve that he wants to

bto cfet it on". This time it 'is his dynamics that are altered and he

moves very fast and directly. Again a cut is called for to osition
them far apart.

(g) To how tt they are both very happy, the dynamics of the Prince
-aid Cinderella are changed. As in the last subscene of the "kept
a pc-irt" scene, to carry out these dynamics changes the previous
subscene is stretched and this one begins at the same time as the
sixth subscene begins.
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Section E Tl--Ie Justice Scene

In te kast cne the stepmother becomes aware of the Prince

getting it on and becomes unhappy. It can be seen by flipping

corner fom pge 98 to 258.

and Cinderella

the lower left

Ani does not break this scene up. "Aware" suggests that the activity

being observed (in tis case Cinderella and the Prince getting it on) happen in

par(allei with the stepmother moving near them and sowly facing (looking)

towards, each of them in turn. The it getting it on" activity chosen is a repetition

four times of the cycle of the Prince and Cnderella moving until they are in

contact and then moving apart a little. While this 'is happening the stepmother's

movements slow down and become more leaden to convey that she 'is unhappy..
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Chapter I I I Film Descriptions

This chapter discusses the kinds of films that Ani makes and how films are

described to AN. The representation of a user's description of a film is briefly

presented Jrilong with examples of ts use in describing the Cinderella film. A

discussion follows of what the words 'in the film descriptions mean in operational

terms. Finally, small portions of a fully elaborated film description produced by Ani

are presented.

Section A The Kinds of Fms Ani Makes

AN makes an uusual sort of animated fm. They are 'Intended to tell stories and

yet te characters are not figurative and their behavior i's limited to very abstract

kinds of activities. Cinderella is a simple geometric shape that cannot even walk,

MLICh less d--)nce at a ball or put on a glass slipper. Ani's films are not normal

narrative animation, nor do they look like much of the abstract animation that is

made (with or without the help of computers).1 Why then was Ani designed to

produce non-figurative dramatic abstract animation.'

L A ood descriptioti of bstract nimation cn be found in Russett 1976).
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Filni Dr�crjptions The Kinds of Films Am Makes

Figurative animation was rejected because of the difficulty of enabling a

COMPLIter to draw in addition to animating. Producing a system capable of creating

representational line drawings is at least as difficult as making Ani. Another reason

I avoided figurative animation is because of the very large amount of real-world

knowledge that is entailed if the appearance and behavior of the characters are not

abstract. If the characters have faces then the viewers w expect them to smile

when it is appropriate. If the characters have arms and legs then the viewers will

expect tem to walk, to raise their hands 'in greeting, to hold things etc. Placing a

small number of such facts into the machine is not especially dif ficult [Kahn I 976a].

The difficult problems arise when one tries to manage the extremely large number

of uch fcts about everyday life that are needed. This problem of putting common

sense. into a machine is an important topic of research in Al (see [Minsky 975] nd

[Schank 1 977] for example). Some ideas as to how Ani might be extended to make

figurative animation are presented in Subsection 6 "Figurative Animation" on page

1 74 and in [Kahn I 976a].

I A n xample of such fct is that people typically raise their hands while zi-eetin uless hey re III
a huri-v or hve their hands full. A different problem is knowing how exactly oe nioves one's arni
while rr(,ting r how to generate images of this activity.
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The nds of Films Ani Makes Film Descrij)tlolls

Non-narrative abstract animation was re'ected as Ani's domain of expertise

because SUCh films typically are very perceptually-oriented. The computer need

not se to mr-ike uch films, only possess the knowledge that having eyes entails. It

'is less obvious, though, what that knowledge is like and how to represent it. Al

research on vision is relevant here, but it has not advanced to the stage of being

able to contribute to questions about perceptual aesthetics. Another difficulty with

purely abstract animation is that it is much more subjective and harder to evaluate.

Subsection 7 "Non-Narrative Animation" on page 176 discusses how Ani might be

extended to produce tis sort of animation.

But if Ani mrikes films that are neither figurative nor abstract what is left?

The essence of animation, dynamics or change, i's what is left.1 Eric Martin, an

animator and teacher, has emphasized the role of dynamics in animation by

statements like, "Animation displays process" and "movement has as much integrity

as drawing". He has given class exercises to produce films with only one small dot

that does not change color or shape or size. It is very instructive to see how much

cc-in be expressed this way, The dot's character can be conveyed as happy,

burdened, neurotic, frightened or whatever. Certain areas of the space can be

characterizcd simply by te way the dot behaves. If, for example, the dot avoids an

1, It 1)rohably wise to start with the essential aspects of aimation. and consider Ani as a ood

hase tyon wilcli to bulld ore general aimators. (See Section A 'Making Ai Oo More o paz 12
for )clean oil tills.)
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Film Drsn-iptlOhs The Knds of Films Ani Makes

at-ea, slowly approaches it and suddenly runs away, cne tends to think of the area

as fightening or dangerous. Ani's replacement of dots with simple geometric

shapes is unimportant and just aids the clarity slightly.1 This type of film is not

entirely novel. A notable example is Chuck Jones' Academy-award winning cartoon,

"The Dot nd the Line".

It Wt the meat, it's the motion...

From a popular song by N1 aria M uld aur

Section 8 Film Descriptions in General

Ani makes films in response to film descriptions. These descriptions are very

high-level, typically vague and incomplete, and describe the story or action, the

characters, and the kind of Mm desired. A user (or if you prefer a collaborator) of

Ani presents te description in a key-word nested notation. Ani would be a more

impressive if the system could read a story and then animate it. It is probably

within te state of the art to lave a film description automatically generated by a

story understanding system ([Schank 19751 for example). Stories of the complexity

1. Of CUrse if A ni were extended as described n Subsectio I Adding A ppearances to A ni" on pge

W there the sizes nd hapes of the characters would be an important aspect of the flms.
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of Cinderella have been understood by story understanding systems (e.g. 'Rieger

1 977]) well enough so tat they probably could be extended to produce film

descriptions, though such systems are currently very limited n generality. The

scene descriptions are especially amenable to automatic generation from stories. A

system reading that Cinderella's stepmother refuses to help Cinderella olotcain

clothes for the ball and orders her to stay home and not go to the ball could

describe that as the stepmother preventing Cinderella from going to where the

Prince i It is ore difficult to automatically infer the character descriptions,

however mny stories explicitly provide them e.g. "Her evil stepmother then ... IS).

A more complete version of Ani connected to a good story understander could be

asked to ake a film of a children's story or fairy tale and the story understander

would read te story and provide Ani with a film description based on the story.

Film descriptions could even be automatically generated along the lines of Talespin

[Meehan 976].
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Film Do�criptjons FOrn Descriptions n General

There are four parts to a film description. Abstractly they correspond to the

description of the major parts (the characters 'in Ani's films), their relationships,

their interactions tire events in the scenes), and global constraints, They are

(a) The character descriptions which consist of a series of physical
(e.g, ugly), personality eg. shy), motion (e.g. graceful), and "role in
story" e.g. heroine) descriptors for each of the film's characters.

(b) Descriptions of the relationships of the characters in the film (e.g.
hates, dominates).

(c) Te description of the scenes of the film, A scene consists
primarily of a partially ordered series of events. There are three
types of events that AN can accept: events to establish either the
personality, emotional state or relationship of some characters,
events to convey the interaction of some characters, and events to
display te behavior of some characters.

((_0 The remaining part of a film description is a st containing the
desired levels of global film descriptors such as variety, complexity,
SUbtlety, energy, and the length of the film. This last part also
includes the focus wch provides some priorities and guidance 'in
the control of Ani's decision making.
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Flim Descriptions n General Film Descriptiotis

Character Description
---------------------

Personality
Appearance
Movement
Role in Story

---------------------

Scene Description
-------------------

Behavior
Emotional State
Interactions

-------------------

Relationship Description
------------------------

I Dominance I
I Affection I
I Acquaintance I

I . . . I
------------------------

Global Description
------------------------

I Descriptor Levels I

I I

I Focus I
------------------------

Figure 31 Different Parts of the Film Description

Section C Film Descriptions as Programs

The st,�ndiard view of AN in this thesis is that AN creates a fm after a user

declares Iwhat it should be like b providing a film description. Another view is

that AN is really a very high-level interpreter for a special purpose

'programming language. From this vew the film descriptions are really programs.

This is sr-omewhat different from the view that AN is really the programmer, that

tire film descriptions are the specifications, and that the fully elaborated film

descriptions produced are really the programs.
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Film Dp�(riptidns FlIni Desuiptions as Progi-ams

The film description programming language is simple. To create a character

tire "pro(--rammer" just fills in the following template.

(de ino <the character",r- name> character
(procoss initial description

<,doscriptor-type> <description>)

<-descriptor tpe> <description>)))

The currently defined descriptor-types are physical, personality, movement and

it role-in-story The description that follows each type is either a single

descriptor such as "ugly" or a conjunction of descriptors in a list such as "(and

good friendly hard-working shy)". The descriptors themselves are discussed in

Section D What the Words in the Film Description Mean" on page 81 and are

definable as described in Appendix IV. "Descriptors as They Look in Ani on

pa g e 2 6 4.

The relationship of two characters is described in two parts --- how the

first character relates to the second and how the second relates to the first.

The template for defining relationships is similar to the character definitional

(def ine (relationship-of <first character> <second character>) relationship
(proc'ess initial description-
<'description>)

An example.of a description 'is (and hates dominates).

I Te ielationships ai-e themselves actors that cn be accessed by anyone who knows of them (Which
includes -t least te characters ivolved).
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Film Descriptions as Programs Film Descriptions

The scene descriptions are more complicated and -ire defined as follows.

(definp <�cene name> scene
(process init-ial description
(<action escription>)
(set OUI- length to <hort, medium or long>))) ;; medium is default if ft ut

An "action description" is either an event specification, a sequence of event

specifications denoted by a st of event specifications preceded by the atom

it Sequence: it , or a set of event specifications (i.e. let AN determine the order

perhaps displaying te events concurrently) which is denoted by an event

itspecification list Preceded by "and .

(a) A list beginning with "establish" followed by either the personality
of a character eg. (personality stepmother)), a relationship (e.g.
( r e I tionship-of inderella stepmother)), or an emotional state
description (e.g. (emotional-state Cinderella (joy (negative
hich)))).

A li�,t beginning with "convey" followed by a triple of the action,
the actor, and the other actor nvolved or another event
specification (e.g. (convey (wants inderella (meets inderella
Pr- i nce)

W An "event specification" can recursively be an action description
O.e a sequence or set of event specifications).
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Film I)escriptJOTIS Film Descriptions as Programs

The final part of a film description are the global constraints and the film"s

f ocus. AN has default values for all the parameters 'Involved and they are

typically overridden. The global constraints are values (currently either "high",

mediUm", or "low") for the level of variety, complexity, originality, coherence,

obviOUsness, fashiness, and energy. These are all represented as actors that

are asked for suggestions. The values are also used by many of the

choice-making components of AN. For example, the part that decides how many

times to repeat an action will tend towards more repetitions if the obviousness

level i high and the variety level is low, The focus is an actor that contains

the parts that are to be emphasized. In the Cinderella film description

Cinderella is part of the focus, as i's her relationship to her stepmother, and the

second and third scenes. Also the focus gives priorities which order the way

the dynamics of the characters is determined. The Cinderella film description,

for example, specifies that the coherence of each of the characters (rather than

their relationships or the scenes) is to be gven priority.

Section'D What the Words 'in the Film Description Mean

The words in the film description look like English and yet AN doesn't

understand English, so what exactly do these words mean to Ani? The meaning

associated with each of the descriptors in the film descriptions is the minimum

needed by AN 'in making films. All that AN knows about the word evil" is that

it suo-gests that an evil character move 'in short 'erky motions, that its
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What the Words n the Film Description Mean Fflni DescriPtIOUIS

movements be deliberate, its activity high, and to establish a character as evil

one .can try conveying tat that character causes something that it considers C-1

"bad ting", or that 'it hurts or chases someone else that it considers its enemy

or a stranger.1 Ani cannot break apart the concept of evil into more primitive

components nor know what its like to be evil. It is possible that Ani's films will

never be of igh quality until Ani possesses a better and more complete

Unde.rstanding of such concepts. Some might argue that Ani could never produce

true Art ithout feeling the feelings that portrayed (or expressed) in the films.

I argue that one need not feel those emotions in order to behave as if one did

in Subsubsection b, "Lack of Feelings" on page 229.

Ani h a very limited understanding of the words used in these

descriptions, A few of the words in the film description are Director primitives

such as "define" and "set your". Director, the language that Ani was

implemented in, is described in [Kahn 1978b], These words have procedural

1 o proj* my he coined that what Ani kows about evil is nt correct. for to them an eil
charactri- move� lly, ore like a ne perhaps. and is both calm and eurotic. Alli's ow1Vd,,,C
ha�p (mild hr hallt�Cri to match each viewer's. Idiosyncrasies. (if the changes ruire nev., kinds of

clfscrlptor� mjor Modifications to Ani might be necessary.) What is interesting about sugg-estioll Is
that thev .,III he Only prtially ight or oly weekly correspond to what they are supposed to nd the

product is still �-,,ood This is because the suggestions interact with one another nd bcause,
thrre r often nrly suo-gestions for the sanie Purpose that ed to help nd reinforce ech other.

That good characters might possibiv behave the same as eil characters (e.g. also hurt their enemies is

a serious problern only to the xtent that other aspects or behavior of the characters ae uable to
convey he difference.
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Flin) Drs(riptions What the Words in the Film Description Meal)

meaninp's tting such tngs as whether what follows should be inserted in a

database., extend te behavior of the actor in question or initialize some

v a r ir) b I e- Sorne of te others such as "process ntial description" and "set your

level of" are Ani's extensions to Director, These too are procedural and their

meaning relates to the specific representations of such constructs as suggestions,

char(ncter and relationship descriptions, and global constraints. The remaining

words in te description are the interesting ones. They are descriptors and are

all represented by computational actors in Director. This is appropriate since

the descriptors need to have their own memory and be able to respond to a

variety of messages.

The descriptor actors are called upon to provide suggestions for values and

methods, to help in te making of comparisons, and to check prerequisites and

optimality conditions for methods. They are also the repository for statistics on

their occurrence which is used to determine the uniqueness of the entities that

they describe. The descriptors are linked to each other by "opposite if and

if similar" links and tese are used for both comparisons and ndirect sources of

suggestions.

A few of the descriptors are currently little more than reminders that they

Should be taken into account. For example, AN carefully determines how

"deliberate" a character's movements should be and then never takes that into

account in later decisions. It should at least influence things such as how often,
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What the Words n the Film Description Mean Film Descriptions

flow quickly and to what extent the character in question changes direction. A

discussion of wy Ani was built tis way is in Subsection "Attending to Myriad

Details" on acye 184.

A paraphrasing of the definitions of a few descriptors in Ani follow-1

"Shy" is a personality descriptor of characters, It weakly suggests a low

speed. It strongly suggests an avoidance of enemies. It strongly suggests a

great avoidance of strangers. A slight attraction to friends is weakly suggested.

It suggests tat one ethod for establishing that a character is shy is to convey

that the character avoid some other character that is a stranger to him or her.

Shy is considered to be the opposite of "brazen" and "forward".

"Hates" is defined as a (negative) affection descriptor of relationships.

Hates suggests that one of the following methods be employed to establish that

one character hates another,

I. To fd ow what this really looks like inside of Ani read Appendix IV. 'Descriptors as They Look
in AnC n pge 1464,
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F11n) Descriptions What the Words n the Fn) Description Man

0-0 Convey tt the character avoids the other This is moderately
str-onoly uggested and is best when the character does not
dominate the other.

1) )Convey tt te character hurts the other. This is best when the
character dominates the other and is strongly suggested.

(c) Convey that the character pushes the other. This too is best
when the character dominates the other but 'is only weakly
suggested.

Hates is te opposite of "loves" and is similar to "despises".

The "variety level" 'is a global descriptor of a film (or scene). Currently it

can lave, three-. possible values, "high", "low" and "medium". It weakly suggests

that if te variety level is high pick the least used value for that element, if 'it

is low pick the most used value, and if medium pick the median as a value. For

example, if the variety level is high and a suggestion for the speed of a

character is being requested and the speed of three of the other characters has

already been decided to be fast and medium then the variety level will suggest

a low speed.

The word "meets" is a special case of "moves" which is a kind of activity.

Among te prerequisites for X going to meet Y is that Y be on stage. X need

not be on stage since it can come on and then meet Y. Others prerequisites

are whatever prerequisites there are for X moving to the vicinity of Y (which

"Moves" knows about). Meets knows that the first part of a rn' eeting is X
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What the Words n the Film Description Mean Film Descriptions

moving a small part of the way towards Y Meets strongly suggests that to

convey that X meets Y that one display X moving to the vicinity of Y, The last

suggestion could be mproved by being changed to a sequence of one moving

towards te other followed by some interaction of the two characters.

It is interesting to note the extent to which Ani's definitions of descriptors

are procedural. They "mean" what Ani knows about how to convey them and

how tey can be used procedurally as a source of suggestions. The definition

of a descriptor contains a ttle information as to how it relates to other

descriptors and otherwise lacks any declarative aspects. Associating suggestions

with the descriptors and representing the descriptors with actors lead to a very

modular system. This organization chunks the knowledge so that no large

searches through a database are necessary. This is important were Ani ever

enlarged to know much more.

Sect ion E What Ani Turns the Film Description 'Into

AN takes the Cinderella film description and turns it 'Into a very detailed

description capable of being run by Drector, [Kahn 1978b] an unintelligent

graphics system that makes no real choices. This detailed description of the

Cinderella film is best thought of as a computer program. The program is

written by Ani and executed by Director. It need never be seen by human

eyes and therefore little attempt was made to make the program very legible,
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Film Descriptiolis Wha A ii Turiis the Film Description itito

To give an idea of the level of detail needed to run the film te

paraphrasing of a short portion of the second scene generated by Ani follows)

The first subscene of the "kept-apart" scene (where it conveys that Cinderella

wants to meet te Prince) is defined. It is estimated to take a little more than

a second. Cinderella's dynamics in this subscene should be as follows. She

should move in a moderately jagged path with little curvature and each curve

should be oderately long. She should move very deliberately and somewhat

repetitively nd quickly get up to a high speed. She should in general be very

active and move in a very rhythmic manner, Cinderella should initially be placed

in the upper far right of the screen while the Prince should be at the opposite

corner te lower far left). Without any delay Cinderella should begin to turn to

face towards te Prince. After facing him, she should move a small part of her

distance to te Prince. If he moves she should keep moving towards his new

location as she walks (he does not happen to move in this part of the scene).

A few of the. details require explanation. Most of the values are still

symbolic and yet to draw on the screen Director needs numerical values for

parameters such as the speed, location, and path ength. These symbols are

translated into numbers by an interface that is part of both AN and Director.

The translation of expressions such as "upper far right", "small way from the

I. The cual code produced caii be found i Apl)eiidix VI. 'Some Code Written by Am' o pige
2 72
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I -
vicinity of Cinderella in the direction of the Prince" and "high acceleration" into

numerical vues in done in manner that is sensitive to the dimensions of the

display and parameters for the normal amount of tme to cross the display and

to turn around completely. This is described in greater detail 'in Appendix IL

11 The Running of the Cinderella Film" on page 250.
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Chapter IV Suggestions

This chapter describes suggestions, the most 'Important form of knowledge dealt

with by Ani. Suggestions are constructed by descriptions of the characters, their

relationships, comparisons of them, and global aspects of the film or scene. Ani

gathers suggestions when faced with a dfficult choice. Typically Ani finds many

suggestions and spends much time trying to make sense out of them to determine

which oncs to follow. Ani treats differently the suggestions for vues of elements

of a detailed description of the caracters and the suggestions for the activities or

events that should occur within a scene.

Section A What Suggestions are

A larger portion of Ani's time is spent gathering and combining suggestions.

SLIggestions from many different sources are gathered in order to choose events

and ctivities and to flesh out the descriptions of the characters. A suggestion for

a Particular element (such as Cinderella's typical speed) consists of a suggested

value (e.g. "low") and the strength with which it 'is suggested. The source of the

suggestion is also connected to each suggestion. A suggestion for a method for

establishing or conveying something has as its value a complex description of an

activity or event, For example, a suggestion for how to convey that a character

prevents another from moving is that the character perform the activilty called

it standing guard" over the other.
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What Suggest' Sugge;jons are 'nons

Sucfgestionsn are treated by Ani as entities to be gathered, considered,

elnbornted, combined, rejected, and compromised. Among the many sources of

r-tions for te elements of a detailed character description are the character

descriptors, te relationship descriptors, the character comparisons, and the film

descriptors. The sources of suggestions for methods or activities are abstractions

of tsks to establish, convey or display some event, emotional state, personality, or

interpersonal relation. Ts 'is described 'in greater detail in the next two chapters.

Section The Representation of Suggestions

A SUggestion typically consists of four parts.

(,O Tf.ie first part describes the subject of the suggestion. Examples
are "Cinderella's typical acceleration", "the relative speed of
Cinderella and her stepmother", and "conveying that the stepmother
stops Cinderella from being able to move to the vcinity of the
Prince",

(b) Next is te value suggested such as "high", "greater than", or a
description of the activity of someone "standing guard" over
another.

(c) The third part indicates the strength with which the suggestion is
being mde. The strength is a crude estimate of the reliability of
the suggestion, This is just one of several factors taken into
account when deliberating conflicts between suggestions.
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I es loll The Representation of Sug�estions

((I) Te final part is the source of the suggestion. This is used by Ani
in weighing the importance of a suggestion. To a limited extent
Ani will not count more than once different suggestions that are
from equivalent or related sources. The suggestion source is also
.used in the justification of Ani's choices.

As suggestions are combined the source becomes a list of the sources and the

strength the average strength of each suggestion. A suggestion can be

extended as needed to have more parts. For example, 'if a suggestion is

rejected, ten the reason for te rejection is added.

The inclusion of the stereotypicality of a suggestion would be very useful

for making choices based upon the desired level of originality and clarity)

Stereotypica vues would be preferred if the desired level of carity is high or

the level of originality is low and avoided otherwise.

Section C Value Suggestion Sources

One of the major problems that AN faces is what value to choose for an

element such as the typical speed of a character. Values are chosen by

gathering up suggestions from various sources, combining those suggestions that

are similar enough, noting and classifying any conflicts. If the suggestions found

do not conflict, AN has 'it easy and 'ust follows the suggestions. If there are no

L This ole Of ally mptovements that should be made to Ani.
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Value Suggestioii ources Su2:gest ons

suggYc qtions Ani looks for suggestions for the value of the element relative to

the value of that element of another character. For instance, the stepmother's

dominance of Cinderella suggests tat she be faster than Cinderella (i.e. have a

gre'ater typical speed). When a conflict arises between suggestions Ani has

several wys of resolving it as is discussed 'in Section C "How Conflicts are

Resolved" on aae 108.

Supgestions for the value of an element of a character's dynamics (or

appearance in an extended Ani) come from the descriptions of the character, the

character'-,,�- relationships and comparisons with the other characters, and te

global description of the film. The order in which they are gathered and their

relative priorities re strongly influenced by the film's (ocus. The -role of the

focus is described 'in Section "Postponement and the Focus" on page I 0.

The descriptors tat define a character's personality, physical appearance,

movement and role in the story often make suggestions for values. For

example, the descriptor "hard-working" applied to a character suggests the

typical speed of that character not be slow, that the level of activity of the

character and the deliberateness and repetiveness of the character's movements

be high, and tat the degree of rhythm in the character's movements not be low.

Lazy 'is considered an opposite of hard working while industrious is considered
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SI Ons Value Suggestioii ources

similar and there provide indirect suggestions.1

The descriptors of the relationship of the characters and the comparisons

between the cracters are the sources of suggestions for the relative values

of an element. For example, the relationship descriptor dominates" suggests

that 'since te stepmother dominates Cinderella that the stepmother's typical

speed sould be greater than Cinderella's. These relative value suggestions

produce absolute value suggestions when the value of either of tile two

characters nvolved is determined, So if AN decides that Cinderella 'is to move

slowly ten the previous relative value suggestion in turn suggests that the

stepmother's speed be greater than low,

AN compares the descriptions of characters to determine how similar or

dissimilar are te personalities, physical appearances, and movements of each

pair of characters.2 AN compares two characters by inspecting the physical (e.g.

ugly), personality (e.g. shy), movement eg. graceful) and "role in story"

descriptors of ech. This part of AN finds out how often the characters have

similar descriptors and how often they have opposite descriptors. The use of

1. 0- f course the vues sugZested by 'lazy' must be inverted to be appropriate for a ch,-Uacrer
described as hard orking'.

if trip wre many characters nd especially if many had othing to do with the others their
Making. every pair-wise COMPIAS011 would be wasteful. Ani could easily be changed to me
compririsoti oy between characters that are related (i.e. their relationship hs bn xplicitly
described).
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Value Suggestioti ources

the descriptors is recorded to determine how frequently each descriptor is used.

The ways in which characters relate to each other are also compared. For

example, if Character A hates Character while Character kes Character A

then te difference is noted as evidence for the dissimilarity of the two

characters. To surnmarize the findings Ani groups the statistics according to

their type (e.g. personality, pysical, or all of them combined). Findings relating

to little used descriptors are considered more sgnificant in making these

summaries since if a particular descriptor applies to nearly all characters, then 'it

indicates little about the relative similarit of two of them, While making these

comparison summaries Ani also notes any character or aspect of a character that

is unique. The stepmother's personality, for example, is unique since the other

three caracters are good and kind.

These comparisons and uniqueness studies provide many relative

suggestions. For example, if two characters are very similar, then that strongly

suggests that tey have the same values for most elements. Similarly the

finding that a character is unique suggests that that character move (or appear)

differently from the others. This is too simple-minded, of course. Sometimes

wait is crucial is to portray subtle differences between similar characters.

Other times te difference between two similar characters should be accented

by choosing divergent values for one or two elements to help the viewer

distinguish te two characters. Currently Ani is too limited to choose which

aspects should be used to convey the similarities or differences between two
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Section D Combining Value Suggestions

After gathering up some of the suggestions for the value of a descriptor Ani

combines them, noting any conflicts between the suggestions. The combination of

these suggestions proceeds as follows,

I. The huristics to do this hould be. added if Ani is extended to determine ore aspects of the
characters of the films (e.g. their size. shape, color and so o).
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Value suggestioll Sources

charnctersn, but instead tries to use all the aspects-1

Descriptors tat apply to the film as a whole are also a good source of

suggestions. For example, when the energy level is hgh 'it suggests high values

for elements of a character's movement such as speed and acceleration, When

the desired variety level 'is high it suggests values different from those chosen

already.

If in the rare event that no suggestions are found then a default value is

obtained from the element itself (e.g. sze or speed).
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Combining value Suggestions Suggestions

a Combine those suggestions that are identical or nearly so into one
sugo'e,r;tion with a multiple source and an averaged strength.

O I

(b) Combine those suggestions that can be combined without any loss
of information. E.g. the values "less-than high" and "medium"
combine to medium".

(c) Note and classify any conflicts between incompatible values.

(d) Compromise any suggestions whose values are "close enough", e.g.
ff medium" and "low" even if information is lost.

(e) Resolve any remaining conflicting suggestions as described in
Section C "How Conflicts are Resolved" on page 108.

There is n expert for each set of possible values a descriptor may have

that answers questions about whether two values are compatible, incompatible,

or comprornisable somewhere in between the first two). These experts also

are responsible for compromising two values and classifying the type of

incompatibility if one exists. The simplest such expert knows just three values

that correspond to "low ItIit medium", and "high" (though they may actually be

to Short", "medium" and "long"), The most complex one in AN accepts these three

values optionally modified by "less-than", "greater-than' and "different-from".

Another expert handles relative values of the form "less than so-and-so" and

"different from so-and-so".
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Combining Value Suggestions

To actually choose a value Ani analyzes the results from the combination

step. If no conflicts are discovered and 'if there are enough strong suggestions,

then te value suggested is accepted.1 If there are not enough suggestions,

then Ani gathers up more information, if possible, and the process recurses. If

no more suggestions can be found because other choices have yet to be made,

then tose coices are given higher priority, the current choice 'is postponed, and

the reason for its postponement is recorded. (Postponement of choices 'is

described more fully in Section D "Postponement and the Focus" on page I 0.)

If conflicts were found then a series of heuristics are tried to resolve the

conflict by either forcing a compromise or by re'ecting some of the conflicting

suggestions.

Eventually a value 'is chosen. The decision as to which choice to work on

next is based upon the idea that those choices that are the easiest to make, i.e.

tho se tt have the most non-conflicting suggestions should be made first,

followed by those that are lacking essential (but obtainable) information, followed

by those with conflicts, and those which have the least basis should be made

last. When more than one choice is appropriate to work on then the focus will

order them if possible. The ordering of these choices is discussed in Section D

"Postponement and the Focus" on page 110.

L Enough" n this context means if the easure based upon the umber of suggestions, their SOUrces.
an te' Vhs is at least as good as the minimaily good suggestion provided by the fm's focus.
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Method Suggestim Sources suggestiolls

Section E Method Suggestion Sources

Of importance equal to that of the value suggestions are the method suggestions.

They indicate what activity should occur or which method should be applied to

convey te personalities, relationships, or interactions of the characters. A few

method suggestions are usually made by the task of the section of the scene

being elaborated and sorne of those suggestions in turn oftQn suggest other

methods. For example, in the second scene there is a subscene whose task is

conveying tat Cinderella is kept from meeting the Prince. To Ani this 'is

expressed as convey (prevents step-mother (meets inderella prince)))".

"Prevents" is an actor who is asked for suggestions as to how do this, it

knows only one way to have a character prevent some activity, namely to have

that character undo at least one of the prerequisites of that activity. And so it

asks "meets" for the prerequisites of Cinderella meeting the Prince. "Meets"

replies that the Prince must be "on-stage" and that "moves" should be asked for

the prerequisites of Cinderella moving to the vicinity of the Prince. "Moves"

replies that te only prerequisite it knows about is that Cinderella "can-move"

to the place. At this point the method suggestions are
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(a) Do something to convey that the stepmother causes Cinderella's
inability to move to the vicinity of the Prince.

(b) Do something to convey that the stepmother causes the Prince to
no longer be on stage.

Ani then goes through each suggestion and gathers up suggestions for

accomplishing them. In this case "undoes" is the only one to ask for suggestions

and it suggests that the stepmother chase the Prince off the screen in order to

undo te fact that he is "on-stage". To convey that ��e st epmother causes

Cinderella"s inability to move to the vicinity of the Prince, it suggests that the

stepmother mke a "fence" between Cnderella and the vicinity of the Prince,

that he stand guard between Cinderella and the Prince or that she kill

Cinderella. The only suggestion that needs further suggestions as to how to be

accomplished is that the stepmother kill Cinderella. Ani has no idea how to

convey this (because the "kills" actor is very incomplete) and so the suggestion

i's eliminated.1 How Ani chooses among the remaining suggestions is described in

Section "How a Method is Chosen" on page 119.

1. A ni's use of nowledge i rbust. If parts are missing A ni manages to go Oil rather han Stop (file
to ce not knowin

Ignoran 'a how to convey a mrder, in this cse). This is nalogous to hmans ho
that of valld solutimi bt now not how to pull it off. If the 'kill' actor had een completed -ai it
could rn n the allotted te their it might be chosen. The selection of the spmother killing
Cinderella fits very wll the eationships involved. and since the fairy godmother is describe as
niagical he could resurrect' Ciiderella n the nxt scene.
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Method Suggestion ources

Ani distinguishes those methods that can just be displayed, such as the

stands-guard tof is chases-off", and "makes-fence" activities, and those that need

further thOLIght (i.e. more suggestions need to be gathered to find out how to

carry te out). The former are called "display" methods while the latter are

if convey of methods. The convey methods are treated the same as the convey

tasks given in the original film description,

A tical Srce of suggestions for what to convey are personality

descriptors uch as good "Good" strongly suggests that to establish that a

character is good one should convey that the character helps some other

character, That other character should ideally be described as weak and good

(and not be the character in question of course). "Good" also suggests that one

can convey that te character prevents ome event from occurring when that

character considers te event to be evil.

While instantiating the suggestions from such sources Ani must choose the

events or caracters described, if AN fails to find any character that meets the

specifications of a suggestion then the suggestion is ignored.1 An extension of

Ani that is interesting to consider is how Ani could create a new character when

I ]if the previous eximple this was not a problem since the only specif ication is that the character to
he Tied hould not he the one who we ai-e rying to establish as good. The method secifies that

idealiv a eak nd good character should be chosen. but it will be satisfied with a character that Is
iielther we(ak or good. if ned be.
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Method Suggestimi Som-ces

no caracter exists that meets the specifications. This is similar to what

happened in the Disney version of Cinderella. Nowhere in the original story is

there mention of the mice that Cinderella helps. One of the reasons Disney

created thern was to help establish Cinderella's personality. in achieving some

high level go-11 (showing that Cinderella is good) Ani could be extended to

introduce a new cracter who i's weak and good and helped by Cinderella.

Section F Relating Method Suggestions

Method suagestions are not combined as value suggestions are. The main reason

is tat they are used to decide what to do rather than determine a value for

some descriptor. AN must choose a value and only one, but may choose any

number of methods to accomplish something or can even skip that part and not

select any methods. The step that is analogous to the combining step for value

suggestions is the relating step of method suggestions. The pool of suggestions

gathered for a subscene are grouped according to whether they are identical,

similar, opposites., specializations, or generalizations. Within one subscene many

different tings may' be happening, for example, one character may be meeting

another while the other is having its personality established. Clearly Ani does

not want to plan to do contradictory activities and eliminating such suggestions

rules out a few. If a method is suggested more than once or is a specialization

of, or is similar to, another then it is preferred. This reflects an aesthetic bias

towards the economy of accomplishing several tasks with one method. Chapter
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PRI-ating Method Suggestions S t g

VI Choosing Methods" on page 116 describes the wy in which methods are

chosen in more detail.

Page - 102

I

I
� iI

i
I

II
i

I

II
II

I

I

I #�- �I
F,

I

Fi
V Al� I

II

ti

II
i

iI

i i�,



Choosing Values

Chapter V Choosing Values

This chapter describes how AN chooses values in the process of creating a detailed

description of the default dynamics of the characters in a film. Dynamics

descriptions are broken into elements and the choice of a value for the elements 'is

pursued in quasi-parallel. The hard problems that Ani faces here are the

coordination of the interdependent smultaneous choices and the resolution of

conflicting suggestions. The mechanisms described here would probably be used 'if

Ani were extended to determine the appearances of the characters.

Section A What is a Value?

Rapid ovement gives te impression of "violence" as opposed to the
It9'entleness" of slow motion. A sudden slackening of speed or a
momentary pause n movement gives it a mark of "hesitation". Sudden
and repeated variations of direction, or even merely of speed, give the
impression of nervousness' or agitation" etc.

----Albert Michotte Michotte 1501 p I 8

Does he [a typical Disney animator] want a fast sneak or a slow sneak?
A fast one might put over the idea of cunning better.

Thomas [Thomas 1953) paZe 131.

To portray an animated character Ani is faced with many choices. Should te
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What is a Value? Choosing Vlues

character move sowly or swiftly? Should it move very deliberately or uncertainly"

Should it be fa5-ter than some other character? Should it tend to avoid others?

Should it ove very directly or in graceful curves? Should it appear large or small,

rounded or pointed? All these questions can be answered by choosing among a few

permissible V F- I Lies for the element in question. Currently AN knows a number of

eiements for the typical or default dynamics of a character. The Ani's mechanisms

for coosing values for tese elements should work well for other elements such as

the size, qhape, color, and texture of the characters. There are no theoretical

reasons why AN cannot handle these other elements.1

The process of choosing a value for an element differs greatly from the

choosing of events and activities (which is described in the next chapter). An

element has only one value which is selected from a small set of possible values.

This contracts ith the coosing of activities where there are very many different

possible activities and Ani sometimes chooses more than one for the same task.

Another major difference is that there usually exists relative values for elements

while nothing corresponding exists for methods or activities. For instance, Ani

decided tat te typical speed of Cinderella should be slower relative to that of her

stepmother.

I. Becawe ne hould oniv devote so much effort for demonstration purposes in the implementatioii
of pototype, i decided to concentrate on the essence of aimation. namely motion ad ee the other
aspects of -In mation underdeveloped.
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Choosin," Values What Is Value?

This breaking of the dynamics (or appearance) of a character into elemental

parts builds certain prejudices into Ani. Something as complex as the dynamics of a

chcaracter can be broken up 'in many different ways. Ani divides the dynamics into

speed (and acceleration), path (length, curvature, smoothness), style (e.g.

repetiveness, deliberateness, level of activity) and tendencies (e.g. to avoid

strangers, to be attracted to strangers). A different way of breaking up the

dynamics would result in a different style of animation.1

Ani creates a typical dynamics of a character to gve it some character or

identity. The personality, mood, desires and activities of a character' are all

conveyed by te motion of that character in the pure animation that Ani makes.2

The typical dynamics 'Interact in a complex manner with display methods to produce

tire actual motions of a character. A simple example is when a character typically

moves slowly but during a chase scene moves much faster than usual. The way this

Happens is described in detail in Section C "How a Method i's Elaborated if on page

1 22.

1, There r of cours mny other factors that contribute to the style of an animator as is dscussed in
'Section C 'Ani nd Style" on page 29.

Of course in more conventional animation one can also use the appearance, facial express1011,
dialog'. or rolor to (to this.
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How Vlue is Chosen Choosing Valurs

Section B How a Value is Chosen

The process of filling out a detailed description of the typical dynamics of a

character consists mainly of repeatedly choosing a value for a different element of

the dynamics from a small set of permissible values. AN goes about this by

gathering LIP suggestions (as described in Capter IV "Suggestions" on page 9),

combining them, resolving any conflicts, and finally choosing a value,

To illustrate this, a trace of the process of choosing of a typical speed for

the stepmother is presented in this section, Speed 'is an especially simple element

because it hs only three values, "low", "medium", and "high".

Ani begins by creating a choice point which is an actor that keeps findings,

partial reSURS a history of work on this choice, and a ustification of the final choice

for te stepmother's speed. Suggestions are then gathered from the description of

the stepmother and the suggestion of a high speed from "strong" is the only one

found, Ani oes not consider tis a sufficiently good reason to choose a high speed.

The focus of the film includes a sample of a minimally strong suggestion and this is

the standard used to decide 'if a particular group of suggestions constitutes a

sufficiently good reason" to choose a particular value. AN proceeds to gather up

SUggeStions from the relationships and comparisons of the stepmother and the other

characters. Choice points for the relative speed of the stepmother and Cinderella

and for te stepmother and the fairy godmother are created and are asked for
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Writes How Ve is Chosen

suggestions. They are found to be 'in agreement with a high speed for the

stepmother. The first one suggests that the stepmother be faster than Cinderella

which is compatible since Cinderella is slow. The decision that the stepmother be

faster than Cinderella is nearly as complex as this choice of the stepmother's speed

and is based Upon their relationship and a comparison of the two characters. The

choice point for te relative speeds of the stepmother and the fairy godmother

suggests that the speeds of the two be different (since AN recognizes that the

characters are so different). Since the fairy godmother's speed is medium this

suggestion is compatible with a high speed for the stepmother.

There are suggestions other than these three suggestions, however, which

conflict with te idea tat her speed be fast. For example, the comparison of the

stepmother and te Prince suggested that their values be different and yet his

speed is also igh. This conflict eventually gets resolved and the suggestion for the

relative speed of the stepmother and the Prince i's ignored because 'it is much less

strongly suggested.

1. This is de to a vry arge difference n the strength of the suggestions. If this hd not been the
cas( A i %vould hve ore work to do to resolve this conflict. See the following section for a disciissioll
of hw conflicts tire esolved.

Page 107

Al�



i
II ii
I j

I . i
i I � I . I

I
Ijo�o"Mo,!F .
I

I
i
I
t

I

II

I

III

I ---

i - -
How a Vflue is Chosen Choosing VaILKS

Ant is still not very happy with this state-of affairs and gets suggestions from

the film"s global descriptors, More conflicts are discovered. A compromise

between SLIfygeStions of a high speed from the variety level and energy level and a

suggestion for a low speed from the desired amount of flashiness is worked out.

This is ten cornbined with the previous suggestions and AN chooses a high speed

for the stepmother.

Section C How Conflicts are Resolved

Upon finding no conflicting suggestions for a value Ani 'ust picks the value

Suggested If in the rare event that no suggestions could be found, Ani just uses

the default value associated with each element. More typically there are many

suggestions and they don't all agree. It is important that she resolve these conflicts

as sensibiy as possible if there is to be much coherence to a character.

Ani proceeds to resolve conflicts by taking each pair of conflicting

suggestions and applying a succession of heuristics upon the conflict. If either of

the suggestions was rejected because of their role in an already resolved conflict,
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Choosing V lors How Conflicts are Resolved

then it is rejected gain,' Failing this Ani considers the relative strength of the two

suggestions. Recall that associated with every suggestion is the strength given to it

by its- �,ource and tat s suggestions are combined their strength accumulates If

the strengths differ very much, Ani picks the stronger one.

Ani next finds out the relationship of each of the conflicting suggestions with

the most favored suggestions so far only if neither of the two conflicting ones are

among the favored suggestions). If one is compatible and the other not, then the

compatible one is joined with the favored ones. Similarly if neither are compatible

but one can be easily compromised with the favored suggestions it is compromised

with the favored suggestions. The last part of this heuristic checks whether the

favored suggestions are much more strongly suggested than either of the conflicting

suggestions and if so rejects both of them.

Finally, AN tries to force a compromise between the two conflicting

suggestions and failing that 'ust picks the more strongly suggested one. The

strencyth of the suggestions are a function of the number of sources, the original

strengths of the suggestions, and the relative importance of the different suggestion

I. If h f. Ani calls some never fnished procedures. If they had been completed they ould hve
tried to rolve the conflict by ung cticism eher from the user or self gnerated) Fling h nd
if tells 1101CP AI mde before (as when A ni is being called upon to make variations of h same f ne)
tir A l will ether f avor or disf avor the peviously chosen values depending pon the desired drgree
of rigmality.
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How Conflicts are Resolved Choosing Values

sources as indicated by the film's focus,

Section D Postponement and the Focus

The account of the selection of the stepmother's speed is accurate from the point

of view of te choice point in question. From a more global point of vew the

choice point is often considered, postponed for other choices to be made, and then

resumed aaain. Ani asks the choice points for the dynamics elements of each

character to come up with values concurrently, As they run into trouble, especially

if the'trouble is te lack of values of other choice points, then a choice poi.nt is

postponed. This scheme minimizes the arbitrariness of any choices that might result

from the order in which te choices were made. It 'Introduces two new problems to

AN tough: when to postpone the efforts of a choice point and when to resume

them. The pilosophy behind this part of Ani 'is to order tasks so that the ones that

are likely to be the easiest and most straight-forward run first, followed by those

which are difficult but will not be helped much by the resolution of other choice

points, and only when there are no other tasks to work on are the difficult ones

that are lacking information run. This last situation is common and the focus is used

to determine their ordering,

Page -- i 10
- - -I I I . I i

lave". I" ; i
V 1, I

I
I

I i
--'

\ \ I

I - I
I I _,, I

I

I I

I

I I

i i



choo�'Ilo Values Postimienient ad the Focus

The section of the stepmother's speed is an extreme example of this

process since it was postponed ten times before finishing. When first asked to

choose a value the coice point for the stepmother's speed found the suggestion

from "strong" but nothing else and so postponed itself saying it was "not happy

enowyli" Next time it was awakened, it looked for relative values and'soon gave

up be;,-1,,-LJse the choice points for the speeds of the Prince, Cinderella and the fairy

godmother were not making any better progress.

Potentially, this situation could ead to a deadlock since the choice point for

the stepmother i's waiting for values from others who are in turn waiting for the

stepmother's speed. Since a choice point explicitly represents the history of its

reasons for postponement this is not a very serious problem. A choice point is not

allowed to postpone if its postponement reasons are dentical to the reasons for its

previous postponements The only exception is 'if the previous postponement

reason was tat the values of some other choice points are missing and the most

recent postponement reason of at least one of those choice points 'Indicated that it

was making some progress. This exception was added so a choice point could

repeatedly be postponed because it I's waiting for some other choice points which

have not yet concluded so long as at least one of them 'is making progress.

1, Actually choice points don't 1ostpone themselves without asking a postponement malag-er fr
pern)),�sjon first. It is this Manager that prevents this deadlock.
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Posti)onement nd the Focus choosing Vhws

The third time tat the choice point of the sepmother's speed was

CMakened, it found tt it still needed the values of the other three character's

speed but tat te choice point for Cinderella's speed had made a little progress

(that one went ahe,rid without waiting for the values of the others since Cinderella

is part of te film's focus). The stepmother's choice point for her speed was

ost 'oned three ore times before the speed of Cinderella was chosen. It took

three more awakenings before the other two characters had a speed. At that point

the relative suggestions were added to the choice point. Conflicts were found

among them and te choice point was postponed. Next time it woke up, it gathered

up te global film descriptor's suggestions and tried to resolve conflicts but

discovered that in compromising the global suggestions a new conflict was

generated and so was postponed one ore time.

In deciding wich choice point to awaken next Ani organizes the

yet-to-be-decided coice points in a tree. The tree is organized according to

advice from the film's focus. For example, it can be organized by character and

then ech caracter is further organized by type of element (e.g. motion descriptors

and movement tendencies) or the type of element could be more primary and it is

subdivided by characters. This choice is left up to the focus since a film can focus

on different aspects, eg a film can gve more priority to the coherence of the

characters or be more concerned with, say, the (aesthetic) balance of the positions

of te caracters.
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Figure 52 Another Way to Organize the Choice Space
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Postponement and the Focus Choosing Values

Thi stree of choice points is used by Ani to pick a subset of the undecided

choice points to work on, Ani starts at the top of the tree and chooses between

tire immediate descendants by following the rankings 'in the film's focus and giving

preference to those nodes which have the most choice points under them whose

values are needed by others. The node selected is either a choice point, in which

case it is awakened, or else is a node. If it is a node the process recurses and

selects between the immediate descendants again.

The focus is consulted here since the nodes that are worked on first are

more likely to be coherent and locally optimal since they will not be constrained by

tire subsequent determination of the values of other choice points. Consider the

situation in the previous example where one of the four character's speed had to

be determined first to avoid a deadlock. Cnderella went first because the film

focuses on ler, As a result she received a speed that 'is consistent with her

description nd te film"s global description and was not 'influenced by the speeds of

the other characters. The other ordering rule prefers nodes that are holding up the

largest number of other choice points. This tends to make AN work first on the

tasks that are the greatest bottlenecks to progress.

This part of AN is organized to maximize the amount of parallelism possible

and, when not possible, to carefully order the choices. Each choice point can be

created and explored almost independently of the others. Only when one needs the

results of another tat has yet to finish is there a question of postponing, resuming,
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and deciding who should go first in cases of mutual dependencies. The large

number of elements of a character's default dynamics multiplied by the potentially

laro-e number of caracters in a film is the number of choice points that could be

explored in prallel-' It is interesting to contemplate if human animators conceive

their films sequentially or if they exploit this potential for parallelism. Section A

"The Simulation of Ani's Characters" on page 251 and Section B Running Activities

in Parallel" on page 253 discuss in detail other roles parallelism has in Ani.

1. The nmber would icrease fUrther if other types of elements of a character's definition esr- the
Plements of chiricter's appenance) were considered,
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Choosing Methods

Chapter VI Choosing Methods

This chapter describes Ani's algorithm for choosing between methods for animating

tire activities;, interactions, and personalities of the characters. The problems of

temporally odering tose methods chosen i's discussed. Also of mportance is the

process of elaborating the methods once chosen to produce executable descriptions

of te activities that are to occur within a scene.

Section A What is a Method

In Odition to choosing values of elemen.ts Ani must choose among methods to

accomplish tasks. Ani recognizes three levels of tasks.

(a) Tasks to establish the personality, relationships and emotional state
of the characters,

(b) Tasks to convey the interactions and hgh-level behavior of the
characters.

(c) Tasks to display te actions of the characters,

A suggestion to accomplish some task can only suggest a method at the

same ievel or one lower. Typically the suggestions for how to establish

something suggest in turn what should be conveyed. The majority of the

suggestions for how to convey something are to convey something else (or a

sequence of other tings). The remainder suggest some activity or event to be
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Choosm,'-- Method,; Whit is a Method

diSPIJIYEA. Display methods need no suggestions to carry them out since they

correspond to the primitive activities that Ani can animate. They do, however,

need to be tailored to the particular situation by specification of the locations

and precise dynamics of the participants of the action and the number of

repetitions of ny subactions.

Examples of tese different levels should help clarify this. One of te

,suggestions to establish tat, say, the stepmother hates Cinderella is that one

'convey tat te stepmother hurt Cinderella. To convey that she hurts Cinderella

there is a suggestion that she display the stepmother coming n contact wth

Cinderella and repeatedly hitting her. This activity is further elaborated by

determining the dynamics of the stepmother and Cinderella and the number of

times the stepmother will hit Cinderella. The details of this are presented 'in

Section C "How a Method is Elaborated" on page 122.

Method suggestions include not only a description of what to display or

convey but also their prerequisites. They often also describe conditions that

should be true for this activity to be most appropriate. For example, the

previous suggestion that the stepmother hurt Cinderella n order to establish

that se hates her is best when the stepmother dominates Cinderella (which

happens to be the case). The prerequisites are important for eliminating

inappropriate methods and the optimality conditions are- used to help select

among a large pool of possible methods.
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else

What is a Method Choosing Methods

The process of obtaining suggestions of a successively lower level of

abstraction reverses the process of abstraction that went nto the making of tile

film description from the Cinderella fairy tale. When I wrote the film description

I was constantly taking specific events in the fairy tale and translating them into

very high-level intentions. For instance, the description of the scene in which

the stepmother does something which prevents Cinderella from meeting the

Prince was abstracted from the episode in the fairy tale where Cinderella is

forced to stay home and not allowed to go to the ball.

Ani takes a very abstract description and constructs a very detailed one

that often has little resemblance to the original story. This i's one of the the

main reasons why the Cinderella film deviates so much from the original fairy

tale. If a film is a loose nterpretation of a book then probably a very similar

process took place in te making of the film. The filmmakers read the book,

created cn abstract high-level description, and then were forced by the reahties

of film making to provide a highly-detailed product. The degree of looseness of

an interpretation of a book may depend critically on how much abstraction

occurred before the subsequent elaboration,
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C1100sing Methods

TE'Sill ts i II is abstraction of

The Film Fairy Tale
is a interpretation of >

I

Figure 61 Elaboration and Abstraction of Fm Descriptions

Section How a Method is Chosen

After gathering suggestions for what should happen during a subscene Ani must

select a st-niall number of them to actually follow. In addition, 'if more than one

is picked then Ani must decide whether the events they describe should happen

simultaneously or sequentially (and if sequentially 'in what order).
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How a Method is Chosen Choosing Methods

Ani begins with te suggestions for the establishing things. Typically there

are more suggestions than is reasonable to follow and so suggestions must be

eliminated until a reasonable number is left. First Ani tries to make sense out

of te suggestions gathered by discovering how they relate to each other.

Suggestions tt are identical, very smilar, opposites, or are specializations or

generalizations of each other are grouped together. Ani eliminates those

sugeyestions whose prerequisites are known to be unsatisfied. If unable to

determine whether the prerequisites of a suggestion are satisfied or not, Ani

keeps the suggestion. Next those suggestions that conflict with others (found to

be opposites in the relating step) are eliminated. If there are still too many

suggestions left, Ani repeats the previous steps using the "best when" conditions

of te suorgestions rather than the prerequisites. Following that Ani removes

t 1) o,,,; e S Uggestions that are not related to at least one other suggestio,6. This 'is

based on the idea tat if many suggestions are in some sort of agreement then

maybe tey know what they are talking about.1 Finally Ani eliminates multiple

suggestions from the same source since it seems excessive to display four or

five different events just to establish that, say, Cinderella is shy. Of course this

should depend critically upon the length of the film being made and the

1. This rul i n example of oe of the many aesthetic biases built to Ani. it is a reflection of the
idea of parsimonlous specification of complicated phenomenon' which is discussed i Sectio B
'Aesthetic Systems" on page 133.
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How a Method is Chosen

importance of te caracter and scene in questions

AN invokes tese elimination methods to get the number of suggestions

down to a reasonable number, AN decides what a reasonable number 'is based

upon the desired level of complexity and obviousness of the film and the length

of the scene. Sometimes an elimination method is too effective and not enough

sugcyestions are left over. In such a case its effects are undone and tat

method is kipped,2

This leaves a few suggestions as to what should be conveyed in the

subscene. These are combined wth anything that the original film description

,, cified hould be conveyed. Ani then gathers suggestions for how to convey

t h e!�, ethings and gets both suggestions for other things to convey and

suggestions for what to display. The newly found things to convey are put

through this process recursively until there are only display suggestions left.

These display suggestions are then ranked according to each suggestion's

strength, how well its prerequisites are met suggestions whose prerequisites

,Fire not rnet are rejected), how well the "best when" conditions are met, how

well the method can run considering how much time is available for this

1. Nfaking A ni sensitive to such fctors is yet aother improvement that should be mde to A ni.
2. This rule is ty1wil of the sloppiness with which Ani was built. If an elimination method ellminates

"'el-V nnn (u nt too any) sggestions and the ext elimination method eliminates jus a few. hn

A ni assumes it Is the 1ast mie the t Is to banie. What is teresting is that Ani's performance is hrt
only sho-litly y following sch approximate rules.

Page 121

iI
II
i <'!

i

i -0k .

i M

i , '.

It, . ') . . I



1-0041-11,

I -I II i

I i
-i I
i 11
I ; iI I x i

I I
I

t

i
I--i II

II
I I

I

How a Method Is Chosen Choosing Methods

subscene., ow often tis suggestion's method has been used in this film, and

how much it contributes to te overall variety of the film. Percentile scores are

cornpUtOd for each of these factors. An overall score is computed by adding

each of te fc--)ctors weighed by the level of various global film descriptors. For

example, te desired level of obviousness is used to weigh the scores for

strength of suggestions, and te coherence levei is used to weigh the

prerequisite scores, the "best when" scores, and the "time fit" scores. Ani

simply picks among the suggestions for conveying the same thing by choosing the

one with te highest overall score.i

Section C How a Method is Elaborated

The choice of a display method does not end Ani's problems, Ani must fill out

the method by specifying how long the activity should take, what modifications to

tire uual dynamics of the characters should be made and how many times any

subevents should be repeated. And in the case where any of the participants

of the event have yet to appear 'in this scene (or their location is so

inappropriate that a film cut is necessary) then 'it is up to the display method to

suggest appropriate initial locations for the characters.

L I polo. He for the expediency of uing numbers and scores heavily here. Clearly the choose should
be based pon more ymbolic rasoning
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Choosino- Methods How a Method is Elaborated

When a display method is run it generates constraints for the locations of

the characters involved in te activity. For example, when running the method

for moving a small way towards some goal AN adds the constraint that the

character be a large distance from the goal (so that moving a small way towards

it is- perceptible). If both the position of the character and the goal has yet to

be decided, ten the characters are placed at opposite ends of the screen. If

one' is fixed then te other is placed as far away as possible (and just barely

off screen if it is te moving character). If both positions are already

determined and if they are far :tough apart then nothing happens. But if they

are too close ten Ani's only cinemagraphic technique, the film cut, is used. The

of camera it cuts and te characters involved are repositioned. This decision to cut

should ideally depend on whether this subscene and the previous can tolerate

the passage of time or change of location that a cut implies, but does nor'

currently.

The amount of time to be allocated for the displaying of an event is

usually te amount of time that that event requests. Its request is typically

based upon the dynamics, locations, and activities of the participants in the

event. Modifications to a character's dynamics depend very much upon what is

happening in the event, For example, if a character i's trying to escape from

another ten that character's speed will be greater than normal and the path

will be straight (even if the character typically moves in slow graceful curves).

The umber of repetitions of a subevent (such as the number of times that the
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How a Method is Elaborated Choosing Methods

stepmother will Hit Cinderella in the previous example) is based upon the

activity level, rhythmic level, and repetitivenessi of the pacemaker of the event.

The pacemaker of an event is the one whose movements are not 'in direct

response to another. For example, in a chase scene 'in which the pursued i's not

to be cught nor to get too far away the pursued is the one who sets the pace

and the Ursuer acts only in response to the other's movements. In deciding

how many times to repeat an event the estimate of how long the event will

take is very important. The desired levels of obviousness and variety of the

film are also tken into account.

It is interesting to note how the values chosen for the dynamics of the

characters 'Influence Ani in choosing methods and activities. At the early stages

of te decision process these values are used to evaluate the prerequisites and

optimality conditions of the suggestions of what to convey. For example, a

prerequisite of someone successfully chasing someone else is that they be faster

than the other. Also the filling out of methods and the determination of how

good a fit there is between the running time of a method and the time that was

allocated for that subscene are influenced by the typical dynamics of the

characters involved.

I. These re ll dynamics eements whose values were chosen in the manner described i the previous
chapter,
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Clhooslw!, Methods How a Method is Elaborated

Ideally, there should be a playing off of the method choosing and the value

choosing. If Ani is hard up for a method to establish something and the only

avail one was rejected because its prerequisites indicate that a character

needs to be faster than another then this should cause the speeds of the

characters involved to be redetermined. Or alternatively since AN can make a

character temporarily act atypically the default dynamics could be left alone and

the caracters could move unusually during this event.

There is one unusual type of method that indicates no activity at all, only

qhahge�, to the dynamics of a character. The changes can either indicate a new

temporary value for an element or a factor to temporarily increase or decrease

the normal value by. The changes also indicate how fast the changes

themselves sould be. These changes are typically suggested for establishing

the emotional state of a character. A sad character, for example, tends to move

more lethargicially and more directly. A happy character moves fast, accelerates

quickly, and tends to move in a more bouncy manner. The problem with these

suggestions is that they cannot stand alone. If nothing else is happening during

tire subs-cene in which these changes are to be displayed, then AN tries to

extend te length of te previous activity. It is during the extended part of the

previous subscene that te dynamics of the characters changes. For example, in

the "kept apart" scene the sadness of Cinderella and the joy of her stepmother

at the end are conveyed by extending the previous activity of "standing guard'

AN attempts to convey this by having Cinderella's movements become more
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SlUg6Ch while er stepmother movements become faster and bouncier. If Ani

cannot extend te previous subscene ten the character n question will "wander

-around" so that the changes are apparent.

Section D How Multiple Activities are Ordered

Ani would be simpler if every activity were allowed to run for as long it

wanted. The problem is tat Ani tries to constrain the film to be a (user)

desired lenoth. Ani must often arbitrate between the different activities by

stretching or shortening them. Each activity responds to questions about how

long it would ideally like to run for and also what is the minimum and maximum

time that is acceptable. If a reallocation is necessary the activities themselves

are sked to stretch or shrink. They do this by changing the speeds of the

characters involved and by changing the number of times a subevent is

repeated.

An even more difficult problem than dividing the time between events is

how to order unordered events. They can potentially be run in any order or

simultaneously. The part of Ani that handles this is rather underdeveloped. Ani

attempts to run the changes of the dynamics of the characters along with other

eventc, Ani runs any unordered group of events 'in parallel if they have no

participants in common. So if the stepmother and the Prince are to do

something together and so are the fairy godmother and Cinderella, then Ani will

run the two events in parallel. Even this 'is a bad idea if the film is supposed
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Choomig Methods How Multiple Activities are Ordeed

to be imple or if there is more than enough time to do both sequentially.

There is currently no mechanism for deciding the order of those events

that Ani hs decided to display sequentially. This problem occurs primarily when

the scene description calls for many things to happen without specifying any

order. After determining which events will be run simultaneously, AN arbitrarily

orders the r6maining sequential events. To order them sensibly, Ani would need

to know more about the pre-conditions and the post-conditions of an event.

This problem of ordering events based on the preconditions and post-conditions

has been addressed by many ([Sacerdoti 1975) and [Genesereth 1978], for

example). I

The elaboration of a method and the selection of a method from a set of

methods for accomplishing the same thing are both processes that do not

interact very much with the selection and elaboration of other methods. Thi s

means tat te processes can be run in parallel for each of the tasks that Ani

is to achieve within a scene (actually the scenes could be worked on 'in parallel

too). The potential parallelism in the selection and elaboration of events should

not be confused with the real parallelism that occurs within a scene (e.g. having

a few ctivities occur concurrently). Much of this potential parallelism would

I. Ani typically does have -,available the pre- conditions ad post-- conditions for the locations of the
charactei-s but does not currently take them ito account i event ordering.
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How Multiple Activities are Ordered Choosing Methods

disappear, however, were Ani more sophisticated. It was much simpler to build
I I I

Ani to work on the selection and eaboration of activities wthout taking into

account wat happens in other scenes. This 'is one of Ani's bigger weaknesses.

The interaction between scenes is limited even when there is an explicit

connection between scenes such as in the third scene where the fry

godmother undoes whatever the stepmother did 'in the second scene that

prevented Cinderella from meeting the Prince. The third scene is strongly

influenced by te second but the reverse is not the case. In other words, in

deciding what will happen in the second subscene, Ani does not take into

account tat whatever i's chosen must be undone by the fairy godmother later.
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Chapter V11 Other Research

It is difficult to find instances of research which relate directly to the problems of

knowleck,,e-based computer animation. It is easy to find relevant iterature whose

relationship is not so direct. Within Al there are knowledge-based systems for

doing medicinc, electronics, programming, chemistry and so on. The research on

common sense reasoning is also apropos. AN was put together with relational

databases, actors, and small experts. There is much literature dealing with these

concepts and heir use (Hewitt I 975b] and [Winston 977]). Ani explicitly records

the 'ustification for most choices and occasionally inspects these records in making

other decisions. Tere are systems like TMS [Doyle 1978] which are concerned

with doing tis is a clean and general fashion and systems which use records of

their reasoning to explain their actions. SHRDLU [Winograd 1972] is an erly

example of such as system, Research on knowledge representation is very

appropriate, e-pecially the work on representing actions and activities such as

Schank's work on scripts and plans [Schank 1977]. Al work on natural lnguage,.

especially te story understanding work, 'is not only of theoretical 'Interest to this

resec-irch but could provide a user-oriented front end. Rieger's research on

Understanding the children's story book, "The Magic Grinder", 'is of interest, not only

because of leis representation of a fairy tale, but also because of his system's use

of visual picture information and how it is related to the story [Rieger 977].
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Severjil Ai systems are concerned with planning and making choices in the

presence of explicit constraints. Sacerdoti's work on non-linear hierarchical

planning is relevant acerdoti 1977]. His NOAH program has "critics" that look out

for particular kinds of problems and then correct things. For example, there is a

general citic tat looks out for conflicts and resolves them. His work could have

(and perhaps Should have) been 'incorporated in the part of Ani that elaborates the

chosen activities. Ani needs to plan the activities so that no prerequisites are

broken, no superfluous movements occur (as they might 'if Ani did backtracking), and

the characters are placed optimally. Ani manages to plan these activities but in a

less eneral Find reliable manner than NOAH.

Both Ani and NOAH make their plans assuming they know the effects of all

planned ctions. McDermott built a system called DESI for designing electronic

circuits [McDerrnott 1977]. A component of it called NASL does not make this

assumption when planning. DES[ works in a manner smilar to Ank working on

subproblerns,- adding new constraints for subsequent subproblems, and anticipating

and handlincy conflicts.1

I I stjspf�ct that there r ml-e 1)OInts of sini0arity between Am aiid DESI. y ignorance of
electronics les j)reventcd me fom understanding NASL as weil as One might,
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Ani's job is to move shapes in space through time. Al research on movement,

shapes, �7p,-ice, and time has been done. Perception of motion has been the concern

of any vision systems such as [Ullman 1978]. The description and recognition of

shape i a crLICial aspect of much vision research. These systems can be viewed

as performing the inverse of AN --- vision systems create high-level symbolic

de,,,;criptions of objects and their motions from vsual information while Ani creates a

filrn (ViSLIai information) from a high-level description. Unfortunately, the current

state of the art in machine vision does not provide many ways of representing or

conceptualizing iages and teir changes that are much use to Ani. Ani could be

improved by being connected to a vision system as discussed 'in Subsubsection a.

"Lack of Perception" on page 228. The relationship of this research with expert

systerns for dealing wth space [Kuipers 19771 or time [Kahn 1977c] is similar to

the situation with vision --- the level 'in which they deal with space or time is not

very relevant for Ani.

Proarams that compose music are potentially relevant to this research as

another instance of computer creation of aesthetic objects. Also, the relationship of

music and animation can be very close --- some animation 'is even called It visual

music". (See Section E "Animation and other Arts" on page 140.) Unfortunately,

few such programs exists. Several programs make heavy use of random-number

generators [Reichardt 1971], however, as discussed in Subsubsection b. "Creativity

and Randomness" on page 212, this has little to do with creativity. Many ter
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procrams are essentially aids for human composers to express their creativity at a

relatively hicJ) level ruax 1977], for example) but do make choices of aesthetic

consequence nd use relatively little knowledge in their operation.

This- chapter does not contain a discussion of Talespin a system their

generates simple fables, or AM, a system that discovers simple mathematics. A

comparison of tese systems and Ani is very instructive and can found in Section F

"Other Systems tat Create Aesthetic Objects" on page 47.

Section A Systems that Envision

The research of Boberg [Boberg 19721 on generating line drawings of

three-dimensional objects from abstract descriptions is of interest. As a user

describes a scene of blocks on a table the system, on the basis of reasonable

defaults, incrementally fills in the details and draws (or redraws if necessary) the

scene. Te user can constrain the system's choices, for example, by stating that a

particular block's position is not to be changed. Constraints also restrict the

relative osition of objects, so the user can state that block A must be always be

to te right of block B. Heuristics for satisfying constraints are kept in a database

and re pplied to the current scene. Either when told to by the user or due to a

lack of solutions of the current subproblem the system backtracks and undoes

previous choices and continues with new ones. Boberg's system's use of knowledge

and constraints resembles Ani; AN however, is a much more ambitious project
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entailin�y both affective and aesthetic considerations and dynamics.

Simmons [Simmons 975] developed a system where one manipulates a

graphically simple clown by giving natural language instructions. Superficially, it

resenibles tis research; however, his emphasis is on the understanding of the

natural lanawage involved and the envisioning or description elaboration process that

occurs in both Boberg's envisioner and Ani i's lacking. Graphics is a good domain for

doing natural language research because of its demand for details and the ease with

which ost mistakes are discovered (since the picture looks wrong). See [Kahn

I 975b] for an example of a pedagogic use of graphics as a domain for natural

language understanding programs.

Section Aesthetic Systems

Some work in te Al field superficially is very related to this research. For

example, te work of Gips and Stiny on aesthetic systems and their application to

painting" [Gips 1973], [Gips 19741 and [Stiny 1978]) at first glance would eem

very related. Their approach is formal and based upon 'Information theory. They

describe logical framework for interpretation and evaluation of aesthetic objects.

The framework is general and applies to painting, sculpture, literature, music,

mathematics, and science" [Gips 1973]. They define a mathematical system for

interpretation nd evaluation that provides a framework that guides the making of

specific aesthetic theories. As an example, they apply their framework to
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paintinns" generated (or describable) by a context-free grammar. It s tile

evaluative aspect of tis that is potentially the most relevant to Ani. They define

cn caesthetic measure which is the ratio of the length of the description of an object

to te lngth of the shortest description (with respect to some algorithm) for

generatinct tiv, object. In teir of painting" example, this 'is the ratio of complexity of

the pinting (rouchly the number of vertices) to the length of the minimum shape

grammar that produces it. Given two "paintings" and the shape grammars that

produce. d te their measure can declare which one is more aesthetic.

The process of making a formal general framework for aesthetics

necessitates great simplification. More is involved in evaluation than the complexity

of te product and the process that generated it. Aesthetic evaluation also entails

perceptual factors (such as armonious colors) that are not captured by information

theoretic measures. Evaluation is concerned with the structure of the object, how

its parts interact, ow it is structured into levels, and how the levels interact.

Affective aspects are also very important. (For example, the aesthetic evaluation

of a swastika cannot depend solely on the complexity of the 'image and the minimaI

sshape grarrimar for it.) Nonetheless tere is something appealing 'in the idea that

--aesthetics is related to the parsimonious specification of complicated phenomenon

They relate this to a long tradition beginning with Fechner's "unity" and "variety"

and Birkhoff"s "order" and "complexity" [Birkhoff 1933]. While intuitively the idea
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that cimple means sl)ould ideally generate complex ends seems right,, it is difficult

to mirror this intuition in information-theoretic terms. This 'is because information

theory does not capture very well what an art critic means when saying that Fin art

objE!Ct is complex, varied, or coherent. The psychological complexity of an object

depends upon the language used to describe the object and the novelty of the

object. This must be the case for any aesthetic measure, if 'it is to have any

psycholo6cal validity. Since the evaluator of an aesthetic object has no direct

access to a description of the process that generated the object 'it is difficult to

apply Gips and Stiny's framework in practice. Also it I's not clear whether te

complexity of te process or algorithm that generates an art ob'ect is -more

appropriate or if te complexity of the trace of that algorithm as it makes the

ob'ect is," Complexity is clearly relevant to aesthetic evaluation. The problem that

needs to be answered is with respect to what knowledge should the complexity be

judged.

I (ne 010tild alv"avs be careful when makin "universal" aesthetic statements of ny kind. The

I I g a �
historv of let hows that 11,111y esthetic criteria that our culture accepts withOLV Uestion were v.0led

diffeiently in he pt. Applying this idea of Gps and Stiny to contemorary r is difficult
hecawse of the modern mphasis on art that mkes statements about art ad so may Intentionally break
'111 rip.

Birkhoff i Mrkhoff 193,11 rise the complexity of the trace of the viewer's perceptual process foi-
the dollonli'll, f h's formula of Unaesthetic masure.
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a r n o targuing against the idea of a formal theory of aesthetics. I am very

skepticial that any theory which quickly reduces complex structures to sple

quantitative values will be adequate for dealing with aesthetics. My bias is

towards a teory that is based upon the formal structure of the complex

descriptions of aesthetic objects and their relationship to other knowledge

Structures. The pce of such theory for computer systems like Ani 'is discussed in

Section F "Incorporating a General Theory of Aesthetics" on page 94.

Section C Societies of Experts

Ani is implemented as a large (currently about 500) community of small experts.

Arnong h various experts are ones for the descriptors (e.g. "shy", "hates"), for

elements with three ordered values (e.g. "low", "medium", "high"), for mntaining

tlie. desired variety level, for choosing relative values, for locations on the screen,

for displaying cactions, and many more. These experts, while smple, are more

complex than rules or productions (see, for example, [Shortliffe 1976] and [Newell

1 9721) because they respond to a variety of messages ie. perform a variety of

tasks) and because they maintain their own state (in their local databases and

variables). One cc-in organize these experts by very different control structures.

One extreme is like Selfridge's "Pandemonium" system ([Selfridge 1959] and

[Lind!�,ay 1977]) in wich "demons" are constantly shouting what they think and

whoever shouts the loudest" is in control. The strength aspect of suggestions is
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siniiiar to this, but Ani chooses between suggestions based upon the relationship of

the dfferent things being suggested, the sources of the suggestions, and the

number of sources that suggest essentially the same thing, in addition to the

strencyth with which the suggestions were made.

Ani's experts re built out of actors. Actors can be organized by any known

control structure, ranging from completely decentralized independent modules to a

strict hierarchy [Hewitt 1977a].' Ani is implemented with a small top level that

farms out tasks to others and resolves conflicts (with the help of other experts).

Minsky and Papert in [Minsky draft] develop a theory of 'Intelligence based upon a

large nuniber of interacting "agents" organized into different kinds of societies.

Tl-)eqe ocieties are organized in many different ways but expertise nd

responsibility tends to be distributed so that no single agent is ever very smart.

They describe subsocieties which are more flexibly organized than are most of Ani's

experts this is perhaps one of Ani's shortcomings). Despite many differences, one

important theme runs trough all of these systems and theories. that a society of

1. Control �tructtjres that depend upon broadca to others are ii,ot so esily modeled by ctors sit-ice

each ctor ust nw either dectly or indirectly) all the actors that they sd msage t See

(Kornfetd 19793 for a. description of a broadcasting odel of coniputation that is complementarv to the

actor odel. In Fiffector, this serious 1)roblem because of its convemion that ech ctor now

,III of its de�cendants. A nj frequently does limited broadcasts to I)a r r s o f the

specializ-ation gencrahnnoti hierarchy. On the other hnd, Director depends pon Lisj)'s rectirsive

Control structure slid so Certall) C0110,01 structures eed to be simulated by makin u of the ctor's

- 1tv to piabil (11,11tclin a state.
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peopl i �in extremely powerful metaphor for intelligent behavior (as opposed to

the also powerful, but more conventional, model of intelligence as an individual). An

important by-product of a society model of intelligence is that implementations

based on it could efficiently use the multi-processor computers of the near future.

Section D elationship to other.Computer Graphics Systems

There re niany computer graphics systems that make animation. Their relationship

to Ani is tenuous owever because they make no explicit choice of any

consequence. The strongest connection is an implementational one---that the films

that Ani creates n0ed to be realized by a computer graphics system. This research

is not concerned with how to display a square moving across the screen. Nor is it

concerned wth how to describe a square moving across a screen, even though Ani

must eventuaIly do tat. 1 The essence of Ani is deciding what to

describe --- whether te square should move quickly from the upper left or slowly

from the middle or whether it should chase a circle instead.

Dernonstrative animation system such as Genesys [Baecker 1969] or Shazam

[Kay 1977a] provide a user with a means of graphically describing how various

objects,, $100d move, Some demonstrative systems, such as the one at the National

Research Council of Canada or the one at the New York Institute of Technology, are

I

N1 v wr�' on Director is very concerned with these problems.
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called in-betweening systems. They provide a user with the ability to draw the

"key frarnes" directly into te computer and the system then produces a series of

drawinns between the "key frames" to smooth the transitions. (Kahn 1977d]

contains a survey of these systems.) Such systems are often very good but are

limited to images and movements that can be described graphically by hand. A more

important limitation results from such system's almost total lck of knowledge of the

entities that ty are animating. To achieve quality animation, knowledge is

required sso tat te subparts of an image move naturally. Current in-betweening

systems operate syntactically and as a result walking legs move strangely or an eye

may plit in two as an image goes from a profile to a direct vew. The need for

guidance by knowledge has been recognized by some of the developers of these

systenis [CatmUll 19781.

The oher approach taken to making computer animation 'is procedural.

General purpose languages with graphic primitives such as Smalltalk (Kay 1977al

and [Goldberg 1976]) and three-dimensional graphics systems such those at the

University of Utah and te Jet Propulsion Lab are good examples ([Blinn 1976]).

These procedural systems are similar to Ani in a few ways (indeed most of AN'S

knowledge is procedural), but they make no choices of any consequence and their

knowledge is in a much less general or flexible form. All decisions of consequence

,Fire programmed by the user for each program, Such systems are very relevant to

the development of Director, the general purpose computer graphics language in
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which Anis prograrns are written. The difference between knowledge-based

sy-stems <and uch general-purpose systems is exemplified by DAGRAMER as

described in Appendix W "A Knowledgeable Diagram Maker" on page 277.

The Thinalab of Borning [Borning 979] is interesting middle ground between

AN and the procedural graphics systems. He 'Implemented 'in Smalltalk a graphical

SiMUlation laboratory. Rather than procedurally describe an object or activity, a

Thinglab usser declares constraints to the system. Thinglab then generates the code

to <--satisfy te constraints. For example, one can describe a square to Thinglab as

four equal lencrth lines pairs of which are parallel. Both Thinglab and Ani expect the

user to describe (as opposed to program or demonstrate) an activity. They differ

greatly though in the level of abstraction of such descriptions. Thinglab is designed

to function in a sufficiently constrained situation while AN thrives on very

under-constrained tasks. An interesting possibility is to use a system like Thinglab

as te intermediary between Ani and a graphic display.
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Section E Animation and other Arts

That you can study in theory and in practice the craft of animation
(-oe wout sayin�- But by extending your curiosity to arts and
0 O'
�,,ctences etirely foreian to your profession [animation], you will be led
to te mst unexpected insights.

Alexander Alexeieff [Alexeleff 969) p 4,

This research is primarily in Al and computer graphics, but it is also animation

research. Tis would not have been necessary if literature existed describing, at a

low enOL1011 level of detail, what it is that animators know and how they plan and

de-sign their films, If there at least were some theories of animation, as there are

theories of M,riC and painting, then Ani could have been built upon them. Most of

what is written about animation 'is anecdotal or technical. The few that attempt a

theotetical discussion of animation borrow heavily from psychology and the related

-arts of teatre, film, drawing, painting, dance and music. All of these fields are very

relevc--int. Animation, though, is unique and needs 'Its own theoretical underpinnings.

Film and theatre lack the synthetic dynamics that is the essence of animation. Music

and dnce are ynamic and share with animation many aspects such as rhythm, beat,

and temporal structures. Music.deals with a different sensory odality and, despite

1. For discussion of the relationship of this esearch and perceptual psychology research see Sectioll
D "A ni as a Tool f Perceptual Psychologist' o page 153.
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the many par-Cailels presented in [Whitney 1977], is very different from animations

Drcawin�,-r nd pnintin�y can only weakly suggest movement, in contrast to animation in

which movernent C-Ind change are te primary material an artist works with. Many

very excellent animated films have few, if any, still frames that can stand alone

aesthetically," An extreme example of this is a film I made based on a dynamic

version of Juleszs perception studies based upon random dot patterns [Julesz

1 971 1. The film consisted of regions of static random dots and regions of dynamic

rnndorn ots regenerated at regular intervals). The shapes and even the

movements of the regions re perceptible even though any single frame consists of

only randomly distributed dots.

To build Ani, a theor even if a crude one, of what animation is and how 'it is

made was eeded. The basic framework of Ani was influenced by art history and

thE!Ot- epecially the writings of Gombrich ([Gombrich 961 ], [Gombrich 963], and

[Gombrich 9721) and psychology of art especially Arnheim ([Arnheim 957] and

[Arnheim 1 969]). The influence is strongest in the way that the different elements

or aspects of the object to be created are structured. Ani breaks up the dynamics

into prts nd ech of those parts into elements that are the units of decision

making. The problem of creating the dynamics for the characters of a film becomes

1. idn)s of Oscar Fischlii�,er [Russett i976] nd prts of Dney's 'Faiitasia' re deliberate attempts to
crratc "'IsIrd I-IIIISI 0 CI Visual rpresentation of msic -tied as uch might be considered exceptions.

DM aniniation, uch as that Iroduced by the D dios. often does not fall n this class.
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one of hoosing a reasonable and self-consistent set of values for the element of

the dynarnics of ech, This is analogous to the description Gombrich and others give

of te rocess of painting. Were AN extended as described in Subsection I

"Adding Appearances to Ani" on page 163 to choose the shapes, sizes, colors, and

textures (and the changes in these aspects) then each of these aspects could be

broken down into elements and treated in a similar manner. New problems for Ani

ari�-,e in handling te interactions between these different aspects. The literature

on te hiqtory teory, and psychology of art discusses this problem at length.

Gornbrich"s writings also give some clue as to why Ani's fms work at all, It

is ey to see simple shapes moving on a screen as people with goals, fears,

feelings and relationships. ([Michotte 1950] and [Heider 1944] present

experiniental evidence of this.) This is not very surprising if one accepts a frarne

system" [Minsky 975] or "schema" view of perception and recognition. Many have

presented te idea that te process of perception i's one of matching schemata to

situations; Gornbrich's special relevance is in his application of the idea to art, Once

a ystem of schemata is "instantiated" one "sees" all the details that are present in

the C1 e f cA LI I t scherna unless overridden by the external stimulus. Compatible with

this theory is te idea that people typically have schemata for the kinds of

activities that Ani animates. Such schemata take effect when, for example, one

sees a square chase and repeatedly hit a star. Once this happens it i diffiCUlt. to

see the shapes as "just shapes" moving around but instead one sees the scene as
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someone Hurting another. Understanding something of the perception of

non- f igUrative dramatic animated films is very important in designing a system th,-at

makes them. Of even more help would be theories of this sort about the creation

(as opposed to the perception and appreciation) of such ob'ects. Unfortunately

SLICh theories do not seem to exist.
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Chapter VIII Applications of Ani

This capter describes possible applications of systems similar to Ani. A-s a

potential maker of interactive animation, some relevant uses of animation are briefly

presented. Animation as a communication medium is discussed, especially how its

role in communication might expand greatly due to computer technology. The

educational applications of Ani are discussed both as a medium for learning about

animation and as a producer of instructional films. The potential of

knowledge-oriented computer animation for dynamically illustrating programs for

docurtientation, instruction, and debugging is presented. The usefulness o, f Ani as a

tool of perceptual psychologists is described.

Section A Ani and Animation

One of the most obvious uses of AN is as a producer of animation, While the

construction of knowiedge-oriented systems like Ani is difficult, once they are

operational tey can produce animation much more easily than by hand or by

conventional computer animation systems. The animation can be remade for

different audiences or to keep up with changes in the subject matter of the films.
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AnImatioll as Art

We do now hat te cartoon film I's an art as limitless as imagination

itself And within this immense sphere there is surely enough room for
a// inds of emotion, for any ventures of man's mind, and not onl for
fun nd entertainment.

Dusan Vukotic a Yugoslavian animator

Ani was dsigned to be an experiment in building a computer system that

could mke aniniation as art (as opposed to an ,imation that is primarily entertaining

or instructional). If a more sophisticated version of Ani were constructed, perhaps

as described in Section A "Making Ani Do More" on page 162, then one might

expect it to produce animated films that could serve the same functions as artistic

animated film mde by humans currently do. The films produced are likely to seem

foreign ince tey were made by a very foreign intelligence, Human animators

would not be replaced by systems like Ani, instead the animation domain will be

stretched by te production of a "new" kind of film. The films will be different but

not different for its own sake. They will differ because of the thinking that created

them is different from a human animator. This will be the case for the foreseeable

future despite te fact that such a system was designed to make its films in as

human a wy as possible. This improved Ani should be able to make films that not

only people enjoy but that also stretches their mnds a little.
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Animation as Entertainment

Animation is most often associated with children's cartoons. Animation is that, but it

is often uch more. (See Section G "Animation -- What 'is it?" on page 55 for

description Of iLJ$t what animation can be.) Entertaining animation for adults is

popular (e.g. "Yellow Submarine", "Fritz the Cat", "Snow White", "Fantasia" and so

o n) bU t suffers from the hich production costs. Many are engaged in trying to make

computer systems to help alleviate this stuation, as described in Section D

"Relationship to other Computer Graphics Systems it on page 138 and [Kahn I 977d].

These attempts would be more successful f one could communicate with the

computer systems at a high level of description. A knowledge-oriented approach is

essential in the long run, Of use in the short term Ani is full of low-level animation

descriptors that are higher than what is used 'in most computer animation systems,

The way in which a character's movements are described 'is the best example.

Objects cn move according to a complex dynamics, have goals that are symbolic

(e.g. a good distance from place A and place B), and can interact with others that

come in their pths. The way the different activities which the characters are

eno',w,'ed in are described and coordinated should also be of value to doing computer

graphics researchers interested in making commercial computer animation, Appendix

IL The Running of the Cinderella Film" on page 250 describes this aspect of Ani in

greater detail.
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Animation as a Language

And therefore the activity of art is an exceedin ly mportant activity,
iu,�7t as important as the activity of speech, and just as universal.

---Leo Tolstoy Tolstoy 1898 pge 76

WhY not, indeed, let the basic signs be kinematic? Each "dynamic
/V 0_� 10'-/YP/) FP could then truly "tell a story". A dyn-amic display of
dynamic hieroalyphs could represent hundreds or thousands 
if7tel'aCtions among tens or hundreds of ideas. To the untrained eye
SLIC17 --7 display would no doubt look like a bucket of worms, but to the
trained eye ... 

J.C.R. Licklider (Licklider 1976 pg 92

Anim--)tion is a medium of communication and expression that is at least as effective

as natur',al language (e.g. English), Natural language is, of course, much easier and

cheaper to ue and is terefore much more common. Animation and natural language

do not compete t 'pically --- they are each most appropriate in different domains,

The significance of tis research- is 'increased by the acceptance of this viewpoint.

No one in the Al community questions the value of research on natural language, so

for many of te same reasons they should accept research on the understanding and

production of animation.
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A pAcations of A ni A nimation a a Language

Many of he reasons why animation is much ess prevalent than natural

langLic)sle concern te difficulties of producing animation, Understanding animation is

not considered a serious problem for humans, 'Indeed many consider 'it so easy that

it is only appropriate for children. Animation mght become a very prevalent

medium of communication and expression if it could be produced with as much ease

as, Say, typing a paper. You type to a futuristic Ani what you mean to animate

Onstead of typing what you mean to say) and out pops the animation to be seen by

yourself or viewers. Licklider [Lickiider 1976] may have been thinking along these

line, when he suggested that writing in the future might be like animated

Hieroglyphics

Section Ani and Education

The educational uses of an Al-oriented computer animation system were 'Important

in te design of an early predecessor of Ani [Kahn I 976a]. The idea was that a

properly designed system could be an ideal environment for a student to learn

about both Al and animation. Thi's design criterion was dropped for practical

reasons in the making of Ani, Nonetheless, Ani could be viewed as a paradigm of

how a skill could be taught to humans by conveying how that skill could be

embedded in a machine. Since Ani is a manipulable glass box, a student of animation

COUld -learn much by observing the effects of aering Ani's knowledge and rules.

Ani's knowledge is in an explicit form that can be studied in ways that the
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knowl edge of a uan animator cannot, A student could also replace Ani's

knowled�-,e base with is or er own knowledge and see how a very crude

simulation of temselves as animators performs.

Ani is dessigned to produce entertain' sthetic films but another system

could be bi I t Uon similar principles whose purpose is to produce nstructional films

or dyncariiic diagrams, Such a system would know enough about pedagogy that it

Could produce- its films with relatively little interaction with humans. In the

not-so-distant future, one might expect an educational version of Ani to produce

films on the fly to help intelligent tutoring systems such as those described 'in

[Goldstein 1 9771. If a picture 'is worth a thousand words, what i's a short animated

film consisting of thousands of pictures worth?

Section Illustrating Programs

Anin7atiOn, MUSic, and programming can be thought of as different
se-ns.ory views of dynamic processes.

--Alan Kay [Kay 19771 p, k 5

One exciting possible application of this research is the construction of a system

that Cld animate programs. One could see a visual trace of a program in

operation for debugging, or an animated metaphor of an algorithm in operation for

teaching people what it does and how. One could interactively "fly" through the

database of a complex program, diving" into what is of nterest, sailing quickly over
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Applications of Am iflustrating Programs

other prts. The animation can be tailored to a simple model of the viewer. A

progrc-inin-ier cran change a program and a new film of 'Its operation can be

automatically generated

It has long been known that visual presentation is a great aid to learning

about, understanding, and thinking about complex processes. An animated dynami .c

presentation is of even more value. An example 'is the work of Baecker and his

colleagues at the University of Toronto [Baecker 1978]. They have produced two

different types of animated films of programs. The first were programs in execution

where one visually sees stacks pushed and popped, variables bound, functions

called (even recursively) and so on. These films were generated from the programs

themselves and terse illustration specifications. Their effectiveness was limited,

however, because of their eavy use of textual information and their extreme

graphic simplicity, The other films made at Toronto were much more effective and

Visually interesting. Nine different sorting algorithms were visualized as factory

machinery with the data being moved along on conveyor belts frequently being

operated upon by machines as they passed by. Unfortunately these films were

hand-crafted in the sense that each film had to be explicitly programmed at a

relatively low-level. Clearly what would be desirable would be a system that could

produce films with the ease of the Logo program vsualizer and of the quality and

effectiveness of the sorting and hashing films.
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iflustrating Programs AppliUltiotis of Ani

What is needed to make such a program visualizer? For one, the kinds of

knowled,�-e -Find expertise that is in a system like Ani. The system will need to make
man choices ram-fing from wat visual metaphor to use, to how to graphically

Y Li

represent the objects and processes of the program, to where to place a particular

component nd how big it sould be. In order to animate a program one needs to

understand it. It is nILIch too ambitious a project for the visualizer to automatically

1CICCOmplk-,h this, o te system would need to be provided an annotated description

of the prop-ram and its organization. This is analogous to the situation where- Ani

applies aencral animation knowledge to a user-provided film description to make

films, The program visualizer would apply its knowledge of animation and

programming to a user-provided program description.

The actor philosophy of computation can play a significant role in program

i I I UStration. it provides a good bottom level dynamic graphic representation of

computation as actors sending and receiving messages. The actor event diagrams

developed by Hewitt is a good start. A ma'or difficulty with them is that they are

trying to represent concurrent dynamic processes wth static drawings. Real-time

interiactive animation would alleviate many of the problems 'Involved in showing how

a omplex program, especially a parallel one, works.1

I A pro need 110t be I&Jittell ill 'll aCtOl' 1,111gWige for this graphic representation to be of vlue.
Many 5V'Str-111 pro"".1-anis ntwork programs. oi- ost programs with a high dgree of odularity call be
prof Itably "'Iewed as Consisting of separate etities that pass messages between hemselves.
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Section D Ani as a Tool of a Perceptual Psychologist

AN cc-in be viewed as a producer of material for perceptual psychology. The

perception of dynamic qualities of a scene such as causality, emotions,

inter-personal interactions, and activities is an important ability of humans that

warrants tudy.' Ani is an ideal source of stimuli for such experiments. Ani can

generate episodes which are presented to sub'ects to fnd out what are the critical

parameters in a motion to produce a particular characterization, mood, or 'Interaction.

One bility of AN is to produce minor variants of the same film. A study

based pon these variations would be prohibitively expensive by almost any other

means. A system like Ani enables one to control not only low level details such as

the exact size of a particular character but also high level parameters such as the

kind of rhythrn or the relationship between two characters. A symbiosis is possible

where Ani's knowledge gets refined by psychological experimentation and the

psychological experimentation is aided by an excellent source of stimuli. For

example, a psychologist might be interested 'in what dynamics evoke the idea that

an object is aft-aid. Subjects could view films of characters acting afraid made by

AN and the findings can be used to refine Ani's methods and suggestions. New (and

1. Nichotte 9501, Michotte 190). Weir 1975). nd (Heider 1944) are the oly ntances of sch
,Studies that I ani aware of.
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presumably ore effective) films can then be made and the process repeated.
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'"' lirr A i's Suggrstiolis Come From

Chapter IX Where AnI's Suggestions Come From

Where do the suggestions tat Ani manipulates come from? One answer is the

descriptors and actions in the film description. Another is that they come from me,

the in)plcrnentor. But were did I get them from? I did not just make them up on

!some. ritrary basis. Suggestions are a particular use of generalities (e.g., tat

most Knppy 'eople move quickly suggests that to convey that something is happy

make it move quickly). Suggestions come from observations of the real world, of

people (and animals) moving, feeling, interacting and so on. Some of the behavior is

of biolooicai origin (e.g., fleeing or assuming a threatening pose in response to

da n g e 0. Others are psychological in nature --- related to how we perceive

movements and actions. A good deal of it is just common sense. E.g., one wants, in

general, to be with the ones they ove. A shy person tends to avoid others

especially tose he or she does not know and so on. Good animators are good

observers of behavior. They notice what movements convey and how they are

used to express. This knowledge is then used to create artificial stimuh that evoke

similar (or even stronger) responses from viewers)

Animators of en ci-eate super- norn a stimuli, that is by exaggerating theright elements thestinm I s
call be ore reallstic thin eality. For exaniple a bouncing bl looks more realistic if it is flattrned

r\cesslvelv when It lifts the ground. As a matter of fct, it looks more convincing if the ball fattens
Just hefore htting the round, Nonetheless, it helps to know reality in order to exag -ate or dstort it.

------- gei
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Section A Ethological Sources

14/0 k no w that e very strong sensation, emotion, or

excitement--extreme pain, rge, terror, joy or passion of love-all

have a special tendency to cause the muscles to tremble;

Charles Darwin Darwin 1872 pge 17

M00 Of OLY' en7OtiOnS are so closely connected with their expression,

that they hardly exist if the body remains passive--the nature of the
e>,,-pre_-��szion dependina in chief part on the nature of the actions which
have been habituall performed under this particular state of the mnd

--Charles Darwin [Darwin 1872 pge 237

It i very interesting to notice how these requ Irements of simplicity,
conspicuousness and specificity have been compromised by selection in

exactly the same way as in signal structures developed by man by
purpose(ul and conscious designing. This has been emphasized by
Lorenz, who pointed out the striking smilarity of visual releasers, like
the wing-specula of ducks, and national flags.

__N1ko, Tinbergen (Tinbergen 1511 page I 4

Some of Ani's suggestions have an ethological basis, that is they have their basis in

animal (and human) behavior, If an animal suddenly runs away from another during a

fight then one can safely assume that the animal was afraid of the other. Ani, for

instance, hs tree methods for establishing that one character dominates another.
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W hr A Come Fom Ethological Sources

Ani can either have the character push the other around, have the character

prevent the other from doing something that it wants, or have the character make

the other do some activity tat the dominating character wants done. A version of

Ani extended as described in Section A "Making AN Do More" on page 162, could

leave the dominating character typically appear above the other, do things first as a

rule, or be larger than the other. Most of these methods are the type of clues that

observers of nirnal or human behavior look for to understand the social rankings

within, say, a baboon troop. Ethology is an excellent source of material on the

expression of emotions and relationships by facial expression, body posture, and

movements. An interesting presentation of this can be found in Darwin's

"Expression of Emotions in Man and Animals" written long before the field was

named ethology". [Darwin 1872].
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Section E3 Perceptual Sources

�-Vhde we vvere doing these experiments we noticed a rather peculiar
fi3ct, ivhich at ist we considered imply rather curious, but which was
rc,pe,-3ted sco often and with such insistence that it became a factor of
r-)n7O importance to us, and one worthy of serious discussion, Our
subjects did not content themselves with merely escribing in an
objoctive (ashion what tey saw in the apparatus, saying, for example,
thit tey saw "A pushing forward," but the often had an obvious
tendoncy to complete tese indications by comparisons with human or
"Inimal actions, comparisons which implied emotional states, attitudes,

tende nies attributed to the objects. The letters A and did not then
sionify t little rectangles as such, but took on the value of names of
pet-rons, and te experiments gave rise to interpretations of this

m3lure: "It i as though B was traid when A approached, and ran off'

or "A Joins B, then they fall out, have a quarrel, and goes off by
Himself or aaain "It i's like a cat coming up to a mouse and suddenly
springing on it and carrying it off.

- --A Ibert NI ichotte (NI ichotte 1950) p I 

Sorne of the uggestions have their basis in human perception, especially the

perception of causality. Michotte, in [Michotte 1963], provides many examples of

how the causality of very simple events is perceived differently depending upon

the exact timing of the events. He built a special-purpose mechanical device for

displayina moving colored rectangles. This was used to show a precisely controlled

sequence of movements to sub'ects. Subjects were then tested and interviewed.

A typical finding was that observers of a square moving until t came in contact with

another and ten after a pause moving off together w describe the event very
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differ,ntly depending upon the length of that puse. If the pause is very short then

the qre pus4ie.q te other, If it is long then it meets the other and they

i3ccot17�)any each other. In the first case, but not in the second, observers perceived

the fir!�,t ,square as causing the other to move. His experiments are very relevant

to the construction of many of Ani's suggestion sources and display methods.1

Michotte believed that he was studying an innate mechanism for directly perceiving

C,D LI Unity. Re;,ardless of wether his results are due to some innate perception or a

learned high-level ctivity, they point to a real phenomenon. See Weir 1975] for

a good discussion of this aspect of Michotte's research.

Michotte earlier did some work on the perception of affective qualities of

very iple stimuli [Michotte 19501. He showed rectangles moving to subjects nd

found that te emotional interpretations that they gave was very specific and were

in general agreement with each other. For example, 'if A moves alone and ontacts

B hen if it stayed and the approach was rapid, people would describe it as a

violent csh nd te two ob'ects becoming welded together. He found that rpid

movernent gives an impression of violence while slow motion conveyed gentleness.

SUdden nd repeated changes in direction or even speed gave the impression of

tv nervousness" or "agitation". This kind of psychological research could provide a

strong theoretical basis for much of Ani's knowledge were it not so scarce. To my

I I onfess h I only loosely based Ani' kowledge on his data.
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knowle&,e Michotte did only what he reported in [Michotte 950] and that only

Weir [Weir 1975] followed up in any way.

Heider did similar ,��Iork earlier Heider 9441. He showed a three minute

cut-out" animated film (made by filming stop-action a few cut-out pieces of paper)

of two moving triangles and small circle to subjects. He found much agreement in

his subjects' descriptions of the action as a love triangle in which the larger triangle

is mean and attempts to come between the other two.

One of the stumbling blocks to doing this kind of research is the difficulty of

producing the stimuli. The special purpose mechanism constructed by Michotte was

too limited nd te hand-made animation of Heider was too expensive and

time-consuming to make, Ani, with an ability to produce many variations upon a

theme, is potentially a solution to this difficulty. See Section D "Ani as a Tool of a

Perceptual Psychologist" on page 153 for a discussion of this application of Ani.

Section C Social Conventions and Common Sense

Some of Ani's suggestions are based upon social conventions. For example, An't has

two ways of establishing that a character is "good". The character can prevent

something that it considers bad from occurring or 'it can help some other character

who peferably should be weak but good. These are based more upon the

conventions of our society than upon ethology or common sense. The high level of

abstraction leads one to think of these as universally valid ways of establishing that
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someone is good. Even with its high level of abstraction, much of Ani's knowledge

is ba�-,ed upon social conventions. For example, one can imagine societies where

someone who is good does not interfere even 'if bad things are happening. The role

of ocial conventions is greater for appearances and body gestures than motions

--- "bad guys wear black", "smooth is friendly", "green is jealous", "a smile is

happy", nd so on.

Many of Ani's suggestion are 'ust common sense. For example, to prevent

someone from meeting another one can either prevent the character from getting to

the other or make te other no longer available. To establish that a character 'is

qhy one can ave that character avoid others. To convey that a character is

graceful one can move it in long slow curves. There is no strong distinction

between these common sense suggestions and the social convention ones. It is only

that te common sense suggestions seem less arbitrary. They are the ones that are

hard to imagine how they could be otherwise.
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Chapter X Improvements and Extensions

This chapter discusses some future directions for this research. It contains most of

the confessions about how little Ani really does, but counters them with ideas for

improvements to Ani and sketches of how many of the deficiencies might be

removed. Presented are ways that AN could be extended to do more and still

operate in basically the same manner. Minimal changes to Ani for producing better

films are then discussed. Specuiations about major changes to the structure and

organization to make AN "smarter" are then given. This chapter is necessarily

sketchy; its purpose is to provide direction for further research.

Section A Making Ani Do More

Ani can't do very much currently. Ani can make very simple shapes move in order

to convey some very abstract activities, affective states, and 'Inter-personal

relationships but can do little else. Ani 'is imited for good reasons --- primarily so

that this research could be based upon a running implementation that was not the

result- of a large team of programmers and animators working for many years. Light

was qhed pon many 'Interesting 'issues and problems by constructing such a limited

animator. Ani demonstrates that at least a ttle bit can be done, but what if one

wants more?
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and Fxtensions Adding Appearances to Ani

Adding Appearances to Ani

One glaring deficiency of Ani is an inability to draw. Even the squares, triangles,

and stars of the Cinderella film were not conceived or chosen by Ani. In [Kahn

I 977b I outline how a system such as Ani would be able to intelligently determine

the appearances of the characters. In much the same way that the typical dynamic-s

of ch,--iracters i handled, the appearance of a character would be broken down into

aspects Find the aspects in turn broken down into elements. The aspects of an

appearance are the size, color, ine, texture, and shape of a character. The

elements of the color, for example, are the intensity, hue, and saturation-' The

shape of a character is described as either smooth or jagged, long or short, closed

or open, symmetrical or asymmetrical, simple or complex, and so on. The values of

these elements would be chosen by an extended Ani in much the same way that the

values of the elements of a character's dynamics are currently chosen as 'is

described in Chapter V "Choosing Values" on page 103.

1. Dther ,vays of structuring the space of colors exist such as the relative proportions of red. greell.
and be, however te intensity he, and saturation space is conceptually easier to deal with.
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New problems arise in actually constructing a shape for a character after the

elements of the shape description have been chosen. Somehow a particular shape

Such as a star or snowflake needs to be formulated from a description such as

moderately complex, regular, symmetrical and closed' . To do this I envision a

hierarchy of sh<apes were distributed throughout is the knowledge of how to

construct hape satisfying the constraints of the description. Near the top are

experts corresponding to classes of shapes such as polygons, spirals, blobs, stars

and te like, Each is asked if they have any suggestions for how to draw an object

satisfying te description, If more than one suggestion results then they need to be

combined, compared, and selected between on the basis of the desired levels of

variety, simplicity, originality, etc., If no shape class can satisfy the constraints then

many remedies are possible. A constraint can be eliminated or the least 'ustified

ValUe of the elements (that it be symmetrical, for example) can be redetermined

(effectively changing one of te constraints). Ani would then try again with the

modified description. If the problem persists, the "constraint relaxation" or

if constraint redetermination" methods can be applied iteratively. This approach to

symbolic constraint satisfaction is based upon the existence of a large database

rather tn a very smart system that figures out a shape, The restriction to
0non-figurative images and te structuring of the shapes into a hierarchy make this

knowledge-oriented approach feasible,
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1) I 011) I I s and Extensions Adding Appearances to Ani

Currently, Ani uses only one aspect of the characters (namely their dnamics

to realize teir personality and mood. If extended to use the color, shape, size,

texture and line, in addition to the dynamics, of the characters, then new choice$

and new problems arise. Ani must determine which aspects to use to achieve some

effect. If te film is supposed to be obvious, then many aspects should be

used---if subtle, then only a few. Another problem is to handle the nteractions

between te ifferent aspects, If, for example, the size is used to convey the

strenath of a character and the color and texture to convey a calm mood, then Ani

ShOUld be careful flat te interference between the two aspects 'is minimized. The

same color in a small region will have different effects in a larger region, for

instance.

Changing Appearances

Once Ani is 'extended to determine the appearances of the characters of the films,

another extension follows naturally. The essence of animation is change and Ani's

forte is the change of location of the characters fli.e. moving them), Ideally an

extension to Ani to deal with appearances would include the ability to deal with

changes in these appearances. Ani should be able to determine a character's

appearance before and after a change n the same manner as described in the

previous section. The new problems for Ani, f extended in this manner, are

deciding when to change a character's appearance and how the transition should be
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Chmiging A ppe,"rances Improvements nd Extensiolls

ma d e, T h e first problem could be handled 'in much the same manner that Ani

cut-t-c.,titl dcide,,; when to change te typical dynamics of character. (See Section C

"How a Method is Elaborated" on page 122 for a description of how the dynamics of

a character is changed.) A dynamics change is a display method that is not treated

very differently from the display methods for activities such as hitting, pushing, or

chasing. For example a suggestion for how to establish that a character is very

happy is that the intensity of the colors of the character be increased. The

appearance cc-in also be changed as part of a display method, for example, after two

characters come in contact they might change their shape slightly to convey the idea

that they are communicating. Not all appearance changes are internally generated.

Sometimes te script explicitly calls for an appearance change, as in the scene

where the fairy godmother changes Cinderella from being shabby and ragged to

being beautiful and elegant.1

After determining that a character's appearance will change, Ani still has the

problem of determining how tis transition should be made. Occasionally the

transition should be instantaneous, i.e. 'in one frame the character has one

appearance and in the next frame a different appearance. More typically the

transition sould be gradual. A gradual transition can be displayed using

I. ThIS Scfllf? was deleted from the test of Ani since it is meaningless until Atli is extended to handle
(I PPeA I'll Wes.
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1111provellmits Ind Extensions Changing A ppearances

interpolation rLItines. Interpolation is a very common technique of animators. They
it

LISUally Call it "in-betweening . The difficulty 'is that there are many ways to change

an appearance gradually into another and that after determining the 'Interpolation

path there still remains the interpolation dynamics, e.g., the speed the transition

should occur at. Director, the system runs Ani"s films, has a general interpolation

m-chcanism that preserves many properties (such as symmetries, connectedness, and

openness) of the initial and final appearances while making the transition. Since the

appearances are non-figurative Director's interpolation capability is adequate.

If the ,Appearances were figurative then the problem becomes much more

difficult. A smile does not change to a frown according to some simple mathematical

routine, but chianges in accordance with a set of complex physiological constraints.

Also once the images become figurative, the viewer will usually perceive the

appenrances as projections of three-dimensional ob'ects and as such expect some

transitions be rotations out of the picture plane. Thi s problem with

interpoicition-based animation is discussed in [Catmull 978] and entails many

extensions to Ani some of which are discussed below.
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Changing Descriptions

The absence of animation is change. Ani currently can only change the location and

orientation of a caracter, Ani portrays changes in the emotional states of the

characters, as when Cinderella becomes very happy after finally meeting the Prince.

The ability to chanae te appearance of a character can be added as described

-above, But what about changing the descriptions of the characters themselves?

Many stories have characters who change more than their appearances. Shy

characters learn to socialize, evil characters repent and learn to lead a "good" life,

Pinocchio learns not to lie, and so on. How would Ani need to be extended in order

to nimate such stories?

Before working on the. scenes, Ani compares and contrasts the character

descriptions, ad dtermines the typical dynamics (and were Ani extended as above,

the appearances) of the characters. The personality, the role in the story, and the

movernent descriptors of the characters are assumed to be permanent. Of course it

would be a minor change to Ani to recompute the elaborated descriptions of the

characters at any point. If the personality of a character is supposed to change in

the middle of a scene, then Ani could simply rederive the dynamics (and

appearance) of te character with the new personality as if the character were

brand new. This is not an ideal solution since Ani would not portray the personality

change itself, he caracter would only move and appear differently after the
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chan(,e. Occassionally this is just what is desired, but more typically the transition

should be highlighted or gradual. Ani could be given the ability to compare the

dynamics and appearance of a character before and after a change and then slowly

bridge, te gp between them, For example, if a character loses its shyness then it

may move fster and more deliberately than previously. Rather than abruptly

increase the character's speed (which could easily be misinterpreted as eaning

something else) Ani would decide how long it should take to gradually increase the

speed to the new vlue. In addition, Ani could have method suggestions for

conveying a personality change that would work essentially the same as the

currently existing method suggestions for establishing the personalities, emotional

,,Estates, relationships and interactions of the characters. A suggestion for conveying

that, for example, a character becomes strong would indicate that the speed be

increased nd at what rate and might even suggest an activity such as pushing a

large. object a long distance.

Controlling te Camera

As a cinematographer AN is pretty poor. Ani makes cuts if the characters need to

be drastically rearranged but never moves the "camera". While an animator films

His or er images with a real camera (which is often stationary) there is almost

always an animated camera or viewpoint that zooms, pans, and comes in for cose

UPS. Sometimes the animated drawings simulate even more esoteric cinemagraphic
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Controlling the Camera Improvements nd Extensions

techniques uch as dissolves te gradual fading out of one image concurrent with

the r-radual fading in of another), wipes (one image gradually moving over and

obscuriw-f another), change in the depth of focus (e.g. making objects in te

background blur as objects in the foreground go into focus), double exposures nd

the like. Animators use such techniques while Ani cannot even cut to a close up to
Idisplay two caracters coming in contact.

How could Ani be extended to use these techniques 'in a reasonabk� manner?

The simplest extension would be to imbed suggestions for their use in the method

!Suggestions. A suggestion for how to have someone hurt someone else that is

currently in AN is to have that character move close to the other and then

repeatedly it te other. This suggestion could be changed to move the camera in

close after te characters gets near each other so that the hitting episode will be

seen close up. A ore major extension would be for Ani to "notice" where te

action was in a scene and apply a few simple heurstics. For example, if the action

is not localized in a small part of the screen then move the camera back, 'if the

action is localized nd way off center then pan until 'it 'is more centered, and so on.

Regardless of te source of a suggestion that Ani move the "camera" many

changes would be needed to elaborate and execute it, Ani would need to be able

to decide ow exactly the camera should move. If a method suggests that the

cclimera be moved inward then many details remain to be decided. Should it zoom in,

and if so, quickly or slowly? Should it simply cut to a close-up? How close should
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Improvemplits nd Extensions Controlling the Camera

the clo�;e.-up be? If it zooms in, should it pan towards the center of activity at the

Same time Gand at the sme rate)? These details of the description of the camera

movement would depend upon many of the same factors that are currently used in

elaborating methods. if the amount of time allocated to the scene is short then a

cut or quick zoom is appropriate, if it is long then a slow zoom 'is possible. 'if the

tempo nd energy of the film is high then a cut or a very fast zoom is ideal. If the

desired level of variety of the film is high, this scene i's to stand out, and most of

the previous cmera movements were cuts to a medium distance, then a zoom to a

close distance is indicated. If something else is happening concurrently on a

different part of te screen then the situation is more complicated. Either the

camera ovement sould be called off or else cutting back and forth between the

two events is called for.

Much of te knowledge needed to extend Ani to be able to control a camera

is just common ense. If activities are happening all over, then pull back and let the

viewer see it ll. If all the activities are restricted to a small part of the screen,

then move in on the area so the viewer can see 'it better. The remaining

knowiedge needed can be found in the film and animation literature. Much of that

literature, owever, in concerned with much more subtle aspects than the discussion

here. A cut ight be motivated by the need to best show what is going on, but 'it

should be constrained by many aesthetic considerations. The frame before and

after the cut should not be too similar. The 'images hould either complement,
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contrast, or parallel each other. Ideally this should be true of the 'Images, in term of

the colors, he b-alcince, the textures and also true of the dynamics before and after

the cut --- the movements before and after should relate. The timing of the cut is

very important, An episode or scene should finish cleanly, typically by cutting at

some natural pause in the activity. Following such rules brings 'in another level of

difficulty tat is discussed further in Subsection 7 Non-Narrative Animation on

page 76.

Extending her Domain of Expertise

Anis' films re lacking 'in many aspects that are commonly found in hand-made

animation, The lack of scenery or backgrounds is a good example. Ani only

animates characters and has no conception of stationary objects. This could easily

be partially remedied by creating characters and then never have them do anything.

The real problems are deciding what scenery should exist and where it should be

placed. Scenery or backgrounds perform such functions as providing a frame of

reference for the nearby action, enabling identification of different places

(especially important if the "camera of were able to move as described in the

Previous, ection), helping to establish a mood or setting for a scene, or making the

scenes visually more attractive, Each of thes� functions suggest different kinds of

rocenery and provide some clues as to what the scenery should be ook like. For

example, if the scenery is to provide a frame of reference or identify a location
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then it should be distinctive, not centrally located, and not interfere with the actions

in the scene. Scenery u-,,--' to establish a mood or setting should be distributed and

pervasive. If it is there to pretty up a scene then its placement and the balance of

the colors nd hapes involved become more important. At the limit, the ability to

handle backgrounds effectively is equivalent to the ability to paint or draw a

picture --- a useful and very 'Important ability, but a different problem from making

animation.

Consideration of the question of how the characters of a film should interact

with te background scenery leads to the more general deficiency of Ani, namely a

two dimensional way of dealing with images. AN has no conception of a character

being in front of or behind another, If a character happens to cross over another

then it is arbitrary who will be drawn on top.1 A smali extension to alleviate this

problem to give Ani the ability to determine and describe a partial ordering of

the objects on the screen. For example, a rule stating that if a character is

dominating another then it should typically be drawn on top of the other could be

added. Ts is similar to what is called 2 and 12 in computer graphic ince

the tird dimension is represented as a partially ordered list of planes.

Conventional cel animation, with its layers of drawings on clear acetate, is

1. The participants of air activity often are told to avoid contact with others, but if ot. their collisions
do occur.
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Extending hr Domain of Expertise Improvements nd Extensiolls

Rometir-neS LSed to create 2 and 12 D this way.

The next step is what is sometimes called, "full 2 and 12 or 2 and 34

D and still involves a list of planes but now the planes are at different dtance$

fron te camera thereby creating a greater sense of depth since ob'ects further

away ppear smaller and move slower. Some computer graphics systems are built

upon tis scheme [Levoy 19771, as was Disney's multi-plane camera which was

used in mny of their animated films twenty or thirty years ago.1

To make films tis way, AN would need to decide which plane each object

was on cited how fiar apart the planes were, From this it is only a small step to full

three-dimens-ional animation of characters which are flat and parallel to the plane of

the "camera". Ani could choose locations and tra 0ectories in much the same way

that tey are now chosen in two dimensions. The next step would be for the

characters themselves to have three-dimensional appearances and again no new

theoretical problems arise in going from two dimensional to three-dimensional

animations

1, The mul pne cmera was generally acknowledged to be n advance in the production of qualitv
"IMMition Vmt vas proibitively expensive to se and was mostly phased ot.
I-, ?f corn vould have to be gi W I ng -se. Director -eatly extended to dsplay perspective dra -S 0 shadoed

jn),,i,,es of these hree dimensional scenes. Much of the computer graphics literature addresses this vry
problern ([BlInn 9761 nd Newman 1973) for example) and there are no technical reasons why this
C0111d not b dne.
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and Extens' Figurative A nimation

Figurative Animation

The animation tat Ani makes is unusual It is intended to tell a story but the

appearances of the characters are not figurative --- they don't look like Mickey

Mouse or Bugs Bunny. To make animated films with figurative images requires an

ability to draw of te same caliber as the ability to animate (that is to control the

Movements and changes of the images whatever they be), It 'is 'Interesting to

conternpicate whether the same general approach embodied in Ani for making

'animation CUld be applied in construct' ystem capable of making drawings in
f to assume that

response to vaaue and incomplete descriptions. It is a smplification

the ability to draw can be so easily separated from the ability to animate. The way

that irnacfes move depends very much upon what the images represent. The

inverse i also true though less obvious; the way an image is rendered is influenced

stronHy by ow it is to change. (For example, a subtle color effect in a drawing of

a character will be overridden if that character moves quickly.)

Figurative animation demands more than the ability to draw and to animate; it

demands that the animator be able to draw upon a great deal of real-world

knowledge. Ani's films are like what one might see from the top of a mountain

looking down at a field with a few people in it, Their gross movements are visible,

but their body parts and faces are indistinct, From such a view one has no

expectations of seeing characters shaking hands when meeting, frowning when
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worried, running by moving and bending their legs in a particular complex pattern

and so on. Figurative animation presents a close up view and as such a viewer

expects activities such as these to happen in a reasonable manner. To do this Ani

would need to know much about te real world and common sense. It is easy to

see ow -ny missing fact, for example, that people often raise a hand 'in greeting

can be added to AN so that it will be used when a greeting takes place. Indeed,

[Kahn I 976a] is a design for such a real-world knowledgeable animator. While we

cc-in imacyine how any particular needed fact can be incorporated into Ani, the

problems arise when one tries to imagine how to incorporate in some general and

systematic way all the facts that Ani would need to know to animate, say, the real

story of Cinderella complete with pumpkins, glass slippers, and tattered clothes.

Giving computers some common sense is a well-known problem in Al (see [Minsky

1 9751 ad [Schank 977], for example) and may prove to be the major theoretical

obstacle to extending Ani to make figurative animation.

Non-Narrative Animation

My nter program i's like a piano. I could continue to use it
creatively all my life.

John Whitney. Sr. Youngblood 1970 pge 207
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linpl-ovel-imits -ind Extensions Non Narrative Animation

Th eential problem with my kind of graphics must resemble the
creative problem of melody writing It is perhaps he most highly

task of art, involving as it does balance, contrast, tension, and
resolution all brought into play with minimum expenditure.

John Whitney, Sr. [YoungWood 1970 pge 220

Animators have discovered the possibilities of articulating line and
cpacej of creating objects of meditation, of presenting synchronization
of visual rhythms to music, of making abstractions based on concrete
objects or experiences, of telling stories --- through a variety of
methods.

As new dvances in technology are made, it is certain that animators
vvi// experiment with these techniques, creating new forms and
definitions of animation,

Museurn 1976) P,,g 7,

The majority of computer animation made for artistic reasons does not tell stories.

Films by the Whitneys, Ken Knowlton and Lillian Schwartz, Larry Cuba, Stan

Vanderbeek and many others are abstract n that their images are non-figurative

and teir dynamics are not dramatic (i.e. are not structured around a story). If they

are not narrative, then what are they? If they are not structured around a story,

then how are they structured? Abstract films are often discussed metaphorically as

visual usic" or "dynamic paintings". An animated film can either be organized

<around stories of "people" interacting with each other and their environments in the

same way that most literature, drama and entertainment films are or they can be
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organized internally and rely upon perception and appreciation of their internal

structure for their value in much the same way that music, dance, or modern

painting nd sculpture do.

Despite the appearances of the characters, Ani's films are basically dramatic

or story-oriented and have little 'in common with abstract animation. Could Ani,

However, be extended to make abstract non-narrative animation or would a very

different computer system be required? The changes to AN would have to be more

extensive thcan ny discussed so far, but much of the general framework of

generating nd evaluating suggestions from varied sources to determ' lues of

tire elements of a film should be applicable to this kind of animation. What is

difficult is deciding how the space of choices or elements should be structured and

Wh,-It SUncyestion sources are appropriate. Also more attention would need to be

placed upon the global effects and the interactions of the parts to achieve the

dynamic nalog of balance and composition in paintings. It also may turn out that to

do rn dequate job of creating abstract animation good visual feedback is necessary

and the state of the art in computer vision is not up to the task.
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Sound or Dialogs

Am's films are silent; or if they have sound, 'it was added by me. Silence is very

demandincl upon an audience and greatly lowers the entertainment value of Ani's

fil Ms.' The problem is not one of realizing the sounds---it would be perfectly

acceptable if Ani described the sound effects desired and I followed the

i n s t rLiCtions. Rather it is one of describing what sounds are wanted and when.

Dialog other than "canned to segments) is beyond the state of the art. Simple ounds

effeCtq, Could be added, however. It would be simple to augment the dissplay

methods to indicate the desired sounds. For example, the "hitting it method could

specify tat a "slugging" sound followed by an "ouch" should happen when tile one

character hits another. This is similar to the way in which of camera if movements

could be generated. Sound effects could also be suggested by personality

descriptors or mood changes (if a character becomes unhappy, then a long low

sound is indicated). Another possible use of sound is for narration. Ani could be

extended to ask tat someone describe what is happening in this segment. The

description could be te one that Ani uses internally (e.g., (repeat 6 (hits

stepmother Cinderella))) and the English would be generated by the human narrator

1. The -aesthetic rle of ound n film is controversial subject n film theory. Aesthetics (aside. it is

genei-Mly cknowleciged that ound is citical n keeping the audience's attention. Good sent fms to

do exist. of course. ut they ust be vry good to also be entertaining.
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("and tip the evil stepmother repeatedly hit poor Cinderella").

Section Making Ani Do Better

A very different set of improvements and issues arise when the problem of making

Ani do thincys better are addressed. Ani can be improved to make better films (but

not necessarily reasoning any better in the process of making them) or the quality

of Ani's reasoning could be improved (which hopefully, but not necessarily, will

increase te quality of the films).

A Bigger Knowledge Base

Ani's database is much more meager than it should be. Representing and debugging

tire knowledae in it is a slow process and so Ani knows little more than is needed

to make the Cinderella film. Too often AN knows of only one or two ways to do

something nd does not exercise much choice and cannot achieve much variety

Were Ani's database to be enlarged to have more alternative methods and

activities --and to hve more suggestions from character and relationship descriptors

then the ad oc manner in which things are represented might prove cumbersome.

As more knowledge is added the advantages of a systematic representation scheme

increase. DUpliCation of facts or suggestions are unavoidable without a canonical (or

semi-canonical) representational system. Inference rules, for example, can be

shared if te actions and objects involved are broken down into more primitive
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elements. A less ad hoc representation would also alleviate the problem of

properly weighing a group of suggestions from related sources since the

relationship between the sources would be more accessible. A representation

Scheme along te lines of Schank's conceptual dependencies, plans, scripts, and

themes [Schank 1977] could alleviate many of Ani's growing pains. The

representation would need to be extended to represent descriptors (such as shy,

dominates or Ualy) in terms of a set of more primitive emotional, inter-personal,

personality descriptors. For example, the relationship descriptors "likes" and

loves" share much in common and breaking them down into more primitive elements

would enable the knowledge common between them to be placed upon their shared

primitive parts.

One might wonder why Ani was not build upon some well thought-out

Systernatic representation scheme. It has been recognized 'in the Al community for a

long time tat a good representation for knowledge is very important, Ani was built

incrementally as needed. The use of actors (with their local databases and

procedural att-achment) in a specialization-generalization hierarchy in AN helped

greatly. One can view Ani's knowledge as pre-compiled in that it consists of large

interconnected chunks of knowledge instead of smaller parts that could in theory be

put together to form these chunks. This approach was very practical --- it was

easy to add new pieces of knowledge to Ani and construction was not slowed down

'Much by toughts of how to represent the knowledge 'in a general and clean manner.
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The price 0 f SUCh an approach grows as Ani's knowledge grows, but at Ani's current

size tis is ngligible and the benefits (primarily ease ofimplementation) are great.

A Better Knowledge Base

The animator must also have an ntuitive feel for personality. In our
burines,,; te animator is the actor. That doesn't mean he has to act
himrelf But lie has to give the characters he draws the timing and
little touches that bring fascinating figures to life on the screen.

Walt Disney (Thomas 1953 pge 14

Ani's knowledge cc-in be improved by adding more or by making 'it more systematic,

but the quality of the knowledge can also be 'improved. Most of Ani's knowledge is

possessed by nearly everyone in our culture and is straight-forward to obtain by

common sense eg. tat a shy person avoids others, that an evil person hurts

others, etc.) but some of it is typically possessed only by animators, This is

especially true of the knowledge inside the definitions of the display methods. Take

the "standing guard" method as an example. How exactly should the characters

involved move? Should the guard wait a while (and if so how long) before quickly

moving to block te prisoner 7s escape? As the cycle of the prisoner escaping and

the gward blocking is repeated how should it change? Should the movements speed

up? Should te prisoner almost get away one time only to be forced back? If so

which tirne? The ability to answer such questions well is essential for producing

effective scenes and quality animation.
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It is pw-sible that Ani is a good framework for placing knowledge and

procedures together to make animation but that the quality of Ani's animation

knowledge is poor. Te only source of Ani's knowledge is the author who has only

four yars experience making, viewing, and reading about animation and too little of

that is directly relevant to the problems 'Involved in using movement to convey

feelinas and relationships. The quality of Ani's knowledge could be improved if a

fast enOUgh computer were available for testing the methods. Just playing bck a

record of te running of a method currently takes too long for anything but a crude

jerky approxiniation.1 Ani's films could be improved by having expert animators

define te methods and by previewing portions of films to fine-tune te methods.

The knowledge base could be debugged and fine-tuned still further were Ani to

make several films that are criticized by knowledgeable audiences.

AN was built out of many actors that have very suggestive names such as

"level of ubtlety", "deliberate", "rhythmic", "graceful", and so on. Such names were

very USefUl during the 'Implementation since whenever I reached point where such

factors sould be taken into account, I could reference them. The truth is that the
rneaninn- these words have to Ani is a pale reflection of what the mean to people.

0 y

There cre three ways in which this can be improved somewhat.

1, This is on a tme hared PDP 10 %pith a Knight TV Display. Machines fast enough to rm A's
filing (10 eist.
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(a) Acid to ech one the ability to suggest values and activities (some
do lready).

(1i) Go over all te places where AN chooses between alternatives and
make Lire that tese descriptors are taken into account in a
reasonable manner.

(c) Independent of Ani, think about what these words should ean for

the kinds of films that Ani makes, and then modify Ani, in as

general a fashion as possible, so that they have these affects on

the film.

Attending to Myriad Details

Joel Moses, leader of te MACSYMA group, once attributed the success of

MACSYMAI to a handful of good design decisions at a very high level, to a large

number of medium-level decisions, and to thousands of low-level details. His

point was that for a successful system one needs to pay careful attention to ail

levels and tat despite a very good high-level design a system will fail if the

myriad low level aspects are poorly handled.

I. NIACSYNIA i a ery rge nd powerful computer system developed at MIT for ybolic
manipulation of mathematical expressions.
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Even charitable view of AN reveals many low-level deficiencies. If one

were to glance at the programs that make up Ani one would see mny

comments of the type, "this works ok but should really take into account this or

that' Here is a sample of real (but relatively minor) deficiencies of Ani.

(a) Comparison and uniqueness summaries should interact more wth
film descriptors. Finding that the personalities of two characters
differ suggests that they move differently but this suggestion
should be tempered by the desired level of obviousness, variety,
and complexity,

(b) The conflict resolver should take into account how many of the
conflicting sucfgestions were suggested by the sources that already
had many of its suggestions followed (so to be fair their
CUgge.Stions could be ignored in this conflict if need be).

(c) The movement tendencies such as the tendency to avoid strangers,
Should be used in the prerequisite and "best when" clauses of
methods.

(0 Animators often ease a character into or out of a movement. Ani,
however, has characters accelerate instantaneously despite the fact
that much effort was expended determining the acceleration of each
character. The beginning and ends of each movement should be
influenced by the character's acceleration. Thi s i s easy t o
implement if a character is moving towards a stationary target.
Easing out of a motion (decelerating) is very difficult if its goal is
moving (since Ani would have to predict when to start slowing a
character down),

Page 185

i t
1 $



A ttending to Myriad Details Improvements and Extensions

Currently the display ethods will stretch or shrink an activity's
runnina time by canging te speeds of the characters 'Involved,
changing the number of times a subactivity is repeated, and for one
method changing te number of degrees a character will turn. If
tire ch,,-�racters involved are not positioned or their current positions
are o inappropriate tat a film cut is required then the choice of
the initial locations should be influenced by the factor that the
activity should be stretched or shrunk.

The degree of deliberateness of the movements of each of the
characters is determined by Ani. This should influence how often a
character changes direction, how quickly it does it, and how large
the change in direction is.

(g Eh dissploy ethod is capable of estimating how long it would
take to run. This estimate does not take into account the influence
of ny gradual changes in the dynamics of a character that is
happening concurrently.

h The display ethods modify the dynamics of the characters, but
they do so without taking into account many relevant factors such
as the desired variety level (and what has happened so far), the
relative peeds, deliberateness, etc. of the characters, and the
p,-i r tiCLJlar locations of the characters at the beginning of the
acti Vi ty.

When everal subscenes need to be temporally ordered, Ani should
take into consideration where the characters should 'Ideally be
priced wen each one begins and where they will be when they
end, Ani possesses these facts but does not use them so
sometimes one subscene leaves the characters in places that the
following one cannot accept and a film cut occurs while the other
order would cause no problems.
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Any one of tese problems can fairly easily be rectified. The difficulty is

that tere are very many such minor problems each one of which takes a fair

,amount of programming. AN is 'ust a prototype system intended to demonstrate

the fibility of its design and as such these low-level problems are not very

relevant. Nonetheless, Ani is partially judged on basis of the quality of te films

and tire reasoning behind them, both of which would be improved by cc-ireful

attention to the tousands of small details such as those just presented.

WithOUt te ttention to such details the reader is forced to accept this tesis

on the basis of faith, wile attention to such details is very time-consuming and

does not, contribute much to the field. The implementation of Ani is built based

upon compromise between these two forces.

Section C How Ani Evolves

The eader sould be skeptical of the generality of the program: is the
knowled,-e bse "ust right" (ie., finely tuned to elicit this one chain of

itbehavior)? The answer is 'No (The desig of AM was finely tuned
r.o that the nswer to this question would be "No" Ponder that one!)
The who/e point te project is to show that a elativel small set of

o-enot-a/ houristics can guide a nontrivial discovery process. Each
activity, ech task was proposed by some heuristic rule (like '7ook for

extteme cases of X which was used time and time again, in -many

situations. It was not considered fair to insert heuristic guidance which
could only '�uide" in a single stuation.

Lenat [Lenat 19761 p. 8
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When Ani made sections of film that I did not like, I found out why and looked

for faLlIty recasoning. If it could have been made it better if Ani had taken some

missing factors into account or had available more accurate information then I

WOUld chancfe the program, For example, Ani did not originally make the cut in

the fourth cene just before Cinderella and the Prince move to each other. The

rOUtine that approved te locations of the characters was not rejecting their

location-; because they were in contact. Clearly the method for displaying that

two characters move to each other should know that if they are initially too

close toc�ether ten te characters should be relocated somehow so that they

cc-in be een moving towards each other. The method was relatively easy to

modify this way but the bug persisted. It turned out that AN had lost track of

tire locations of te characters because many of their previous movements were

to moving targets and some of the characters were stopped before finishing.

Aside front completely simulating the characters involved I see no way that Ani

COUld lave fiaUred out their locations at the beginning of this subscene. The

Previous activity was one which left Cinderella and the Prince in contact and so,

even tough Ani could not figure out where they were, that they were close

together should have been obvious. Ani had to be extended slightly so that

activities could record the relative positions of its participants after they run

Detailed simulation is tyl)icafly much more eximisive than rediction or approxinlatioll (1d
accuracy i nt needed. Also it seenis very unlikely that human aimate by detailed simulatioll.
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Improvoinrots -aid Fxtensjons How Ani Evolves

and o tt this record was accessible to the process that determines the

relative distance between two locations. It was easy then to add to the

previOLIS activity, "accompanies each other", the fact that 'it left its participants

very cose to each other.

The only legitimate changes that can be made so that AN makes choices

more to my liking are to add obvious information that was lacking or was too

inaccurate this appened often in decisions based upon very crude estimates of

the time required to run an activity), The only other change that is legitimate

to ake to Ani is to take factors into consideration that obviously should have

been but weren't.1

Section D Critics and Criticism

The process just described is a good one for constructing AN but is not a

reasonable method for a user trying to control Ani's decisions. Instead Ani

should be extended to accept criticism of the fms and their justification. For

many types of criticism there is an obvious response. If one says that a

particular activity in a subscene was poorly chosen then AN could redo that

1. Other climbed old constitute cheating n that I ould be arrangii-ig for Ani to do what I want
,A, thout mprovin- te reisoning. For example, if Am chose poorly between three choices I could hve
Omit did not) fx things so h the option no longer existed or looked udesirable.
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subscene -:-Detecting any reasonable aternatives to that activity., If one says that

a 111�ection of te film appened too slowly or quickly then the display methods

involved could be asked to replan the activities involved shrunk or stretched

respectively. If one says tat during a particular scene two characters should

not get very cose to each other (as one might be tempted to say about

Cinderella nd the Prince in te first scene) then this post-condition could be

added to all the methods in that scene and it could be remade. If one looks at

Ani's recleaning for a subscene and sees that Ani failed to make a cut because

an estinicate of the distance between two characters was not accurate enough,

then one could ask Ani to remake the subscene as if the distance were known

to be some particular value.2

If Ani hd such a mechanism for accepting user criticism then it could also

be used for responding to "self criticism This criticism could be generated

straightforwardly in many instances. For example, if Ani made a decision based

upon a prediction of te distances between two characters and then when finally

running te film found out that the prediction was way off, then Ani could

remake te section involved with an accurate figure for the dstance between

the two. Or if Ani estimated that a subscene would take a certain length of

i. This culd esily be implemented by having Ani check a rcord of user criticism whenever fced
ith se,,Ieral allernative n removing hose alternatives that wre vetoed by the tiger.

-it most of the changes could be made locally since Ani knows what other prts depend4, Notice th,
upon te pai-t eng- climbed nd could decide if the change should propagate to other parts.
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time nd then running it found out that the estimate was way off, the

nection could be remade with an accurate estimate. This ability would have

improved somewhat te fourth subscene, where too many things happen too

qUickly nd part of the problem was that Ani's estimates for the running time

were too large. The ability to remake a choice after being told that at east

one of the alternatives is no good could also be used internally by Ani. If AN

makes a choice that leads to various problems (such as failure to meet the

prerequisites of any the suggestions available for carrying out the choice, or if

the sarne coice was made later on without any alternatives and the desired

variety level of te film is high) then, if possible, the affected parts could be

rem(nde avoiding the problem. The usefulness of this kind of self criticism would

depend upon an ability to remake only those sections involved (rather than

remaking te film from scratch) which in turn depends upon AN keeping good

records of wy ecisions were made the way they were and what else they

depended upon.

The approach just outlined seems promising for handling (and generating)

,criticism of many types, Much criticism does not fit into this mold. Ani

currently has practically no conception of rhythm, for example, and so could not

respo.nd to criticisms of the film's rhythm, The same holds for notions such as

climax, tension, mood, or humor, Any aspect of Ani that is built-in (as opposed

to explicitly taken into account) or lacking entirely cannot be criticized with any

effect. Many open research questions lie in the making of this more general
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criticism-takincy Fibility.

Section E Self-Generated Film Descriptions

A very intriguing direction for future research 'is to consider how a system might

gene-rate its own film descriptions.1 Not only must good descriptions of the

characters, their relationships, the scenes, and the stylistic parameters of the

film be mde, but tese different components of the film description must fit

together wll. Clearly any one of these problems in generating film descriptions

is a large research project.

Describing the Characters

The main poblem in generating descriptions of the characters 'is that one needs

some theory of what makes a good description of a character, of what makes a

good set of caracters, of how te characters should be related, and so forth.

The problem is complicated by the fact that modern literature abounds with

intentionally self-contradictory description of characters. The essence of many a

novel is the interplay of conflicting forces or aspects of a main character.

I. Mak111o fal descriptions of the qW-dity -d conylexity of real films entalls so mny different
-)spects of nlligence nd uch r bodies of kowledge that it will be a long time before anyone
other hn humans will do this.
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Imp)-ovement sand Extensiolls Describing the Characters

I would SLIggest to amyone trying to pursue this that they begin with a

scherne 'in which there are several prototype characters (e.g. villain, weak

mild-rnanner good guy, etc.). A character prototype is selected, 'Instantiated, and

then odified to produce a character description.

Describing the Scenes

Meeh,an's Talespin system [Meehan 1976] provides some hope that scene

descriptions could be automatically generated without making the system

completely artificially intelligent, Talespin is given character descriptions and

generates plausible activities for them. The difficulty is that plausible activities

are not enough, they need to be interesting, to fit into some larger scheme and

so on.

One avenue of exploration begins with a source of stories (say, dreams or

fears) from which are constructed general templates for films. A combination of

a very few of them could then be the starting point of a film.
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Describing the Scenes Improvements and Extensions

Describing the Style and Length

AO a beautiful object, whether t be a living organism or any whole
Composed of parts, ust not only have an orderly arrangement of

AItts, but must also be of a certain magnitude; for beauty depends on
mao-nitude an oder.. As, therefore, n the case of animate bodies and

organlsms a certain magnitude i necessar and a magnitude which
MI ealqdy be embraced in one View; so in the plot, a certain length is
necessary nd length which can be easily embraced by the memory.

A ristotle (A iistotlel p 6 3

How does one decide that one fm should only be a few minutes long,

while nother sould be half an hour long? How does one determine that one

film should be varied, complex, subtle, and low energy while another should be

simple, obvious, fhy and slightly incoherent? Perhaps these things are

Suggested by the purpose of the film, by a model of the expected audience, by

the point of the film, and other high-level aspects of the film.

Section F Incorporating a General Theory of Aesthetics

There is no "aesthetics expert" that I can point to in the implementation of Ani.

There are no procedures within Ani for deciding that one alternative will lead to

a more aesthetic product than the others. One cannot pull out a part of Ani

and use it to-make beautiful music or paintings.
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Improvernents and ExtensiollS Incorporating a General Theory of Aesthetics

Is uch n aesthetics expert theoretically possible or is aesthetics the sort

of thing tt is not isolable, but is instead distributed throughout thousands of

different experts and euristics for making decisions? Many Al researchers

dOLjbt that a really "general problem solver" i's possible, that instead te

problem solving ability must be distributed and specialized. Is aesthetics similar

to problem solving in this respect?

Ani"es -esthetic expertise (what little there is) is spread out in the

procedures tat resolve suggestion conflicts, that decide what choice point to

activate next, that try to satisfy the global film descriptors,- that try to

determine the dynamics of the characters in accordance with both the

descriptions of the characters and their relationships and so on. Could all these

procedures instead call upon a "general aesthetics problem solver" for advice?

There have been a few attempts to formalize a general procedure that

COUld measure the aesthetics of an object. Two contemplated structures could

b e ni eaSUred and the one with more tv aesthetic value" could be chosen. Section

B Aesthetic Systems" on page 133 describes such attempts and their

shortcomings

During the construction of Ani I was skeptical that 'such an it aesthetics

expert ti could be constructed for the kind of animation that AN makes, much less

a general expert that would be applicable to music, poetry, sculpture, etc.

There was no attempt, therefore, to build Ani with one. Recently I have
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become more optimistic and would recommend this as a very interesting line of

further research. I am beginning to think that there is something in common

between all aesthetic objects. The aesthetics of an object lies in the structure

of its description and how that description relates to other structures in the

artiqVs or viewer's mind. The way that the different parts, levels of

abstraction, aspects, and views of the object relate to each other, the whole,

and related structures is crucial. The pattern of the ustifications of the design

of the parts of the object also plays an important role.

Whiat I a suggesting is that perhaps a generalization of the formalist

school of aesthetics might lead to an understanding of aesthetics appropriate for

bL ilding a computational aesthetics module.1 One need not wait for a better

understandincy of rt to come from aestheticians, psychologists, or art historians

before attenipting such an ambitious project because they lack the concepts

f rom COMPLIter science and Al of processes, recursion, hierarchies (and

heterarchies), nd representation. This is basically the same reason that is

commonly put forth as to why Al researchers have something to say about

learning, meaning, causality, language and the like that educators, psychologists,

philos-ophers, and linguists have not been saying. This is not to say that only Al

has much of importance to say, to the contrary, only that a computational

1, Over ffty, vem-s ivo. Rwr Fry exponded the 'formalist school of aesthetics' which stresses he
forn-) of n rt object, i.e. how the different perceptual spects of the object nter- relate Fry 174).
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viewpoint hs its own unique contributions to mke.

Section G Making Ani Smarter

Ani COUid do a better job with a better database, and an even better job if

of sma-rter". If Ani could take criticism into account, maybe even self-generate

10110me", the filrnq would be better (as described above). If Ani took into account

more the. interdependencies of the suggestions 'in making choices, the films would

be better. If Ani could let the methods 'Interact more with each other and with

the determination of the dynamics of the characters, the films would be better.

If Ani knew something about how to create tensions and expectations in viewers

or knew more about themes, morals, points, and focuses of a story or scene, te

films, would be better. These are all very worthwhile extensions to Ani tat

are necessary if Ani's films are ever to be close to human quality and variety.

There is at least one other way that the basic top level strategy of Ani's

filnimaking could ave been organized. Rather than Ani's current tendency to

construct caracter and scene descriptions from many divergent sources as

needed a knowledge-oriented animator could be built whose basic operation is

-to match te user's film description to some prototype film and then modify that

prototype to fulfill the film description. This is based upon a well-known

technique used in Al problem-solving and automatic programming systems (see

[Sussman 9771, for example). A proto-film matching system is n the spirit of

frame systerns [Minsky 19751 or scripts [Schank 1977]. It is a rare and difficult
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event in one�s mind wen something complicated is constructed de nova, the vast

maj or'ty of one's thoughts use already constructed "stereotypes" which are

modi f i ed to fit te current situation.

One-, might, object that even though this would be a successful method for

film poduction, it would not be creative --- the machine would only be spitting

back films that were put into it. This would depend upon the number of

proto-films tat it selected among, how intelligent that selection 'was, and how it

modified te prototype to fit the situation. One can concentrate upon being

creative in the choices involved in the myriad low-level details of an aesthetic

object much like a medieval artist painting a crucifixion where the high-level

strUcture is given and the art lies at a different level). Or one can concentrate

upon te igh-level structure and content and pay less attention to details (the

extreme version of tis is "conceptual art"). Of course, there 'is a danger that

the fs of te proto-film matching system will be the result of applying a

19 once succeS S f U "formula one time too many.i The two approaches are not

incompatible indeed one would expect an ideal version of Ani to be able to do

both and intelligently choose between them for each episode.

1. Accordin isney stu

,z to ome, this is exactly the trap that the D dio fell into in the late fift'es nd the
sixtios [Schicil-el 196,S].
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Section H Where All Thi's Might Ultimately Lead

It I's qude clear in wat direction man's symbiotic elation to the
cotnputet, is haded; if the first computer was an abacus, the ultimate
computer will be the sublime -aesthetic device a parapyschological
instant for the direct projection of thoughts and emotions.

, - -Gene Youngblood Youngblood 170 pg I 9

Imon-ine a James Bond movie in which you can variously be the hero,
�Iillain, and bystander, whose plot is fluidly controlled by decisions you
make in the course of ts action, all presented n real-time full color.
Your famil and friends can assume roles also -- the outcomes will be
the result of all your decisions. All of this and all of the variations of
this he that you can imagine will be possible (and inevitable) just a
few years from now,

A lan K ay, A deie Goldberg. nd Larry Tesler [K ay i 978 pge 30
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lmon-ino a mchine of te future that is the ultimate entertainer. You

jus t sit down in your living room, tell it that you would like to see

"Gulliver's Travels", and an image on your wall begins to form You

See, in three-dimensional color, a person looking the same as you

VVCII'Vino 19th century English clothes, standing on the bridge of a
,q, Jinc- sip of te same period You hear the waves in front of you
and te cry of a seacull behind you. You breath n the fresh salty air
died ay Alo / tink / in the mood for some drawn animation,

�qomethina like 'Snow White' maybe" and the mage blurs and refocuses.
You ee a painfino, of a man on a old sailing ship. Large waves are
hittina the side of the -ship and dark clouds move swiftly. The air is

heavy and moist...

-- Kn Khn (from aii upublished science fiction story)

Ani's filmmaking ability is very limited, but need it be? Are there any

theoretical limitations involved or could a computer system like Ani, in principle,

make any dsired film" I personally think there are no theoretical limitations but

that great progress on Al problems of representation of knowledge, common

sense reasoning, nd learning is required to create an "ultimate" film maker.

This is not to say that Ani could not be improved significantly without great

prooress in Al. On the contrary, the extensions to Ani described in Chapter X

"Improvements and Extensions" beginning on page 162 point in the direction of

the eventual removal of many of Ani's limitations.
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Towards what sort of system is this research simply a very small first

step? It wouid be the product of substantial progress 'in Al, computer

technology, and much more computational research on aesthetics and creativity. I

forc,�-,ee no theoretical obstacles to this system ultimately being able to

autoniatically produce any kind of film or tv program that is ow produced. In

other words, it could create movies ranging from those with real looking people

doing everyday things (like Star Trek) to ones containing only abstract dynamic

images (like parts of Fantasia).

One purpose this fantasy is to give direction and inspiration for the building

of extremely crude approximations to this ultimate

entertainer-/envisioner/fantasier. Another is to give the reader a perspective of

where tis research might fit into a bigger picture. It describes where I see

this kind of application of Al to animation could eventually lead.

Many computer graphics researchers are involved in taking steps from a

different direction towards this same ultimate system. They are discovering

techniques for producing realistic images from an 'Imaginary camera filming an

imacyinary world and are now able to make very realistic teapots and fairly

realistic human faces (Parke 1972] and [Blinn 1976]). Others are working on

three-dimensional display systems, three-dimensional sound synthesis, and many

other components of this ultimate system, What appears to be lacking in their

vision of te utimate" system is an appreciation for the role that Al must play

Page 201



I ---- -- ""m

W hre Ail This M ight Ultimately Lad ImInovements nd Extensfolls

in such a system. This tesis concentrates not on the technical ssues of

generatingf high quality images, sounds, or smells given a description of -n

imaginary world, but rather on the creation of descriptions of these imaginary

worlds and teir laws and events.

The ovies, of this ultimate system can differ from the cinema of today by

inter(-jctinr� with he viewer and by automatically customizing 'Itself to the

viewer's idiosyncrasies. At any point in the viewing of a movies one can change

tile Mr�,,e of the plot, alter a character or change the style or mood, or

actively pjirticipate in the events of the film. Also, this AN of the twenty-first

century cn mold te film to what it knows of the tastes, preferences, and

idiosyncrasies of te viewer, (See [Negroponte 1976] for a discussion of

idiosyncratic systems.)

After imagining the impact of this ultimate system on entertainment, it takes

little additional imn-gination to see what the mpact of it on education could be...

Or communications... Or art...

Don't misunderstand this, People will probably still make movies because

they want to, its just that everyone will be able see movies custom-made to

their interests, preferences, and moods while actively participating 'in their

creation,
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Many lave moral oections to this dream. They fear that people will

escape reality into te dreams constructed by this dream machine. Maybe. On

tire oher hnd tire active participation and control possible make it cearly

superior to the contemporary problem of people of escaping" by passively

Watching commercial television.

In any case, it will be a long time before this ultimate system exists.

By e mbod�,ina // the eterministic knowledge in the machine (such as
of te Eno-lish Language, the rules of logic, of harmony and melody)
antl by buildina n an enormous store of previous experience which
alloti,,s preselecting elements likel to succeed, the probability space
can be 670t-n70US1Y estricted Moreover, the machine can be its own
critic and censor. believe, though, that such. a machine will be hardly
less complicated than te human brain, and there(ore there is some

hop h it will never be built. On the other hand should welcome
simpler machines, such as Orwell's "versifier" which produces popular
lyrics "Untouched by human brains" for debunking all that is mechanical

and boous In what passes by the name of art.

-- Dennis Garbor [Reichardt 1971 Pg IS
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Chapter XI Discussion

This chrapter is intended to pull things together and discuss this research from the

perspectives of what it means for the understanding of creativity, aesthetics, and

style. It ialso discusses some of the objections to the relevance of this research to

questions in rt teory. Finally it attempts to review the many different viewpoints

of Ani tat have been presented in this thesis.

Section A Ani and Creativity

The fnatics, finall accept without hesitation // the marvels of the
cra.,ziest science fiction. The moon? Why not--it's 'te within our
reach. Lonaevity, too, is just around the corner... Why not the
creative machine as well."

--- lannis Xenakis in 1963 (Reichardt 1971) page i24

In a sense, the computer with ts program could be considered
creative, although it can be argued that human creativity was involved
in te original program with the computer performing only as n-
obedient too/.

-A. Michael Noll [Noll 19671 page 146
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The reativity is in the coice of the algo 'thm, not in the grinding out
of the variations, which represent the micro-aesthetics of a picture.

.-- Leslie Nlezei (Reichardt 1971 pge 165

Relying Upon Knowledge Rather than Simulation

Ani's ability to create is due to the use of knowledge 'in making choices. Ani makes

a coice by knowing enough to make reasonable decisions. An alternative method

of making coices is simulation. For example, rather than decide what should

happen in te second scene 'in order to convey that the stepmother prevents

Cinderella from meeting the Prince, we could simulate each of the characters and let

tire "decide" what happens. This 'is essentially the approach taken by Meehan in

his Talespin system [Meehan 1976]. Talespin smulated characters and then told

stories bi--isred upon te simulations. This may produce more realistic stories but

they will typically be less artistic.1 A writer when faced wh a choice of actions

for a character does not base his or her decision solely on what the character is

mostly likely to do 'in that situation. Instead higher-level purposes (such as the

desire. to create an interesting story) are primary and so the characters are

constrained only to act in a possible manner (but not. necessarily the most

1. It hld be mentioned that TaleslAn was iiot intended to produce art but instead was a stud of
plans and iigh lel symbolic simulation.
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Probable).

Ani does eventually simulate the characters, when finally running the ctions.

BUt by tat time the characters are so restricted in what they should do that they

believe as desired. Ts is partly due to the fact that Ani makes plans and then

arranpes, the positions and behavior of the characters to fulfill some high-level goal.

Simulation has its place but knowledgable choice and planning are needed to create

aesthetic (as opposed to realistic) objects.

Who Made the Cinderella Film?

Thir brin��,s us back to te issue of the "who" who composes computer

muric, In mst circumstances, the diving force behind such pieces I's a

huma iellect, and te computer has been employed, with more or

less im-enuity, as a tool for realizing an idea devised by the uman.

The 1ro,-,-ram which carries ts out i's not anything which we can

ide lit tvith, It is a simple and single-minded piece of software with

no flexibility, no perspective on what it is doing, and no sense of self

If and wen, however, people develop programs which have those

attributes, --7nd pieces of music start issuing forth from then, then 

rugne6t that ill be the appropriate time to start splitting up one's

adnVrOfi0n: some to the programmer for creating such an amazing

proaram, and some to the program itself for its sense of music.

--Douglas Hofstadter [Hofstadter i 99 pg 68

1. Ta I es-Yin could et the initial conditions so that its story would have a particular moral and in this

regard is smillar to A,
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Who Made the Cinderella Film?

When Ani makes a movie who should be considered its author, Ani or Ani's.

aUthor? Ani's maker is the author if either the movie is described with so much

detail tt Ani as few choices of any consequence to make or if the movie

implicitly existed in AN before. The first case is the most common case for

COMPUter animation --- the programmer is the author. The latter case hinges

stroncly upon what it means for something to implicitly pre-exist in a computer

program. One needs to jydcre not only the product but also the processes that

mad e it. If te processes are superficial or syntactic then the product pre-existed

even if it wias transformed and its parts combined.

Ani mde te Cinderella film after being presented wth a very incomplete

description and constructed it in a fairly general fashion out of many small prts,

which were chosen by using complex rules and several different bodies of

knowledge. This raises the question of who really made the Cinderella film --- Ani

or me? Ascribing authorship to the final product in this case is a matter of degree.

The level (and number of levels) of reasoning is an 'Important factor. So is the

number of choices available and the aount of knowledge brought to ear in a

sensible, manner in te creation. The generality of the creation process is also

relevant --- how many different films can be made and how different could they

be? Ani"s reasoning is pretty crude and simplistic (in comparison to humans).

Nonetheles's, Ani is further in the direction of being an artist than other computer
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prograrfis for prodUCing aesthetic ob'ects.1

Implications of Accepting Ani as Creative

Stated otherwise, we would have a satisfactory theory of creative
thou�-,-ht i( we could esign and build some mechanisms that could think
creatively (exhibit behavior just like that of a human carrying on
creative activity), and if we could state the general principles'on which
the trechanisms were built and operated

Newell, A., Shaw, J., ad Simon. H. Nwell 19623 page 64

If one caccepts the idea that Ani is really the one who created the Cinderella

film, (or at least is a creative collaborator) then te processes that went on wthin

AN uring the creation take on a new significance. The popular view of creativity

is that it is a ysterious, subconscious, ntuitive process. Creative people are

thought of as "black boxes" that produce by unknown processes (unknowable

accordina to some). Ani is a creative entity that i's a "glass box" that we can look

inside and t any level of detail see what is happening. As a tool for understanding

creativity, Ani is even better than a glass box because one can perform

experiments. We can not only look at what Ani is doing but can also change the

system and observe the effects. For instance, one can study the relevance of a

1. An essav o id ai-t cn be found i Appendix V111. 'An Essay o Art ad Anl' on pge 291.
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particular body of knowledge by changing or disenabling various portions of that

knowledrye and aving Ani perform the same task before and after)

Objections to the Notion that Ani is Creative

One objection to tis use of Ani, is that what one learns about will be machine

creativity and not human creativity. A weak response to this objection is to agree

but claim that at least we have discovered that not all forms of creativity need be

mysterious. At least one form of creativity has been explicated and perhaps is

even teachable to humans. The stronger response is to say that there are no

significant differences between human creativity and Ani's. At first glance tis

seems wrong; many significant differences come to mind. Ani only does what it's

told, humans only sometimes do. Ani makes movies by following rules; people are

most creative wen they break the rules. Ani can't be genuinely original or

surprisinpr; people can. Ani can only create a very limited class of animated films,

while creative humans possess much more general capabilities. Ani's films are not

as good as those made by professional animators. Ani is too simple-minded and so

on. Let"s consider these objections one by one.

1. ',,,ric eJ)eI.I0)eI)tS WePp_ 110t 1erformed mostly because of large amount of tme involved, sHIC(I e3ch
run of Ani is very Hire consuming- Read AI)endix Ill. 'Time nd Memory Statistics' on pge 5 to
see exactl hw mch time and cmputer resources are ivolved.
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Ani Can Only Follow Rules

The fir!�,t two objections are essentially the same. Ani follow rules both internal

and external ones --- while people can break out of any rule. Both

characterizations are incorrect. Ani can break rules in a real sense and people (and

Ani) in another sense cannot, The different senses concern different levels of rules.

Ani has mny rUieS that determine whether a rule (or what I prefer to call a

sugcyestion ince they are broken so often) should be followed, modified or rejected.

For exc-irople, in selecting a default acceleration for the Prince, the rule that evil

people tend to have high accelerations was used to generate a suggestion that the

Prince's accoleration be iow since he is described as good and good is the opposite

of evil. BLA his suggestion was found to be in conflict with the suggestion$ from

of strong from h comparison of the Prince and Cinderella, and from some of the

global descriptors of the film and so was thrown out. There are even rules for

deciding the precedence of the rules for deciding which rules to follow and which to

reject. BLA there are always a few rules, possibly only one, at the top of this

structure which are not supposed to be broken. In Ani, for example, there is a rule

or procedure that ranks the conflict resolving rules and determines which rules will

be tried first.
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When these top-level rules are broken there must be bugs in the

substructUre that supports the rules. The substructure itself is a com�puter

program which strictly follows the rules of which it 'is composed and bugs prevent it

front implementing te top-level rules as intended I know of no reason to think tis

situation does not apply equally well to humans. People have many levels of rules

c-and when one says an artist has broken some rules (either internal or external

rules) tere uually exists some other rules (perhaps unconscious ones) that tile

artist appiied in rejecting the broken rules. Either some "meta-rules" were invoked

or else ome bugs occurred during the execution of the rules resulting in

unintended" behavior. The latter case is often labeled insanity when it occurs in

people, Indeed tere may be some truth to the belief that some of the very

creative people are insane or at least mentally unstable (e.g. Van Gogh, Darwin).

This does not ean that most crazy people will be creative since there is much

more to creativity than the unintended breaking of rules.
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A m Cn Only Follow Rules DISCUSS1011

Creativity and Randomness

A bief word about random choices is called for. When a choice has to
be m--7de, nd there7s no theory around to make t TALE-SPIN chooses
at UWOOM. Choosin te first name of a character i's an example. The
storyteller ls no reason to prefer "John" over "Arthur" or any other
note i the list. Theres nothing which the storyteller has in mind
t-ilhich fixe.-,� the coices of the first name, so it chooses at random If
A rthur Bear is hungry and doesn't know where any food is, he'll choose
a food at random and start ooking for t Obviously, that's a very
riny)/e sraten A theory" about choosing a food would require a

oa clculus - - wha t food is nearby? Cheap? A vailable? But the poin t
is tat not ven random choices are free of side-effects. It makes a
difference which food Arthur Bear picks, snce heW look in different
places for different foods.

flow,, james Nfeehan Meehan 1976) page 161

In n7any reas of art and music it has been commonplace for the artist
to tell you there's nothing n his work that doesn't have some sort of
VICIlid elationship or meaningful reason for being there. They've
constantly souo-17t to avoid arbitrariness --- not accident.- you can often
n7ake an accident turn into a very wonderful twist to new meaning.
But te ivorst kind of arbitrariness i's when a person thinks his own
casual dcisions are great smply because he's done it, because he
decided to be arbitrary.

--john Whitney. r. Youngblood 19701 Page 22 
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Creativity nd RandomnessDiscussion

They [scientists] think if it7s art, Ws free. Anything that goes with

I'Ondom numbers is art; and anything that has to be worked out
cl-w-efully so tat this goes here and this has got to go there, that's not
Cirt, that's science. But for my money t's more Important and difficult

to �-et tis here and that there in the area of art, because it involves
Much n7ore than just counting numbers and making it mathematically
sound: it's got to be intensely and ntuitively sound That's hat Im
searchina for. That's what I mean by structure.

John Whitney. Sr. Youngblood 1970 Pge 222

It is a ommon notion that randomness is an indispensable ngredient of
creative acts, Tis may be true but it does not have any bearin on

the nechanizability -- or rather, programmability! -- of creativity. Te
world is a giant heap of randomness; when you mror some of it inside

your ea, your 17ead7s interior absorbs a ttle of that randomness.

The trig�,-ering patterns of symbols, therefore, can lead you down the
n7ost random-seeming paths, simply because they came from your
intero-ctions with a craz random world. So t can be with a computer
pro,gram, too. Randomness is an intrinsic feature of thought, not

somethincy which has to be "artificially nseminated" whether through
dice, decayinq nuclei', random number tables, or what-have-you. It is
an insult to human creativity to imply that it relies on such arbitrary
sources.

----Douglas Hofstadter [Hofstader i979) 1)age 671,

The idea of a machine that could create objects of art 'is old. Mechanical devices

for generating prose go back several hundreds of years. Jonathan Swift, for

example, in "A Voyage to Laputa" writes satirically of a machine with words

attached to gears that could generate sentences by successively choosing a word
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Creativity nd Randomness DISCUSS10t)

randomly frorn a set of words associated with each position in the sentence [Swift

1 7261. With the advent of computers many people have created systems that they

claim have created drawings, animation, music, and poetry. To my knowledge, nearly

all uch systems fall into two classes --- either systems that are best thought of as

an artist's edium ie. a collection of tools for the human artist to use or else

systems which make choices between alternatives on an arbitrary basis, usually by

using a pseudo-random number generator". With the former the creative impulse

is entirely from te human user, while the latter is essentially not much different

from flipping coins to create art.'

While te purposes of such systems overlap with those of Ani, my approach
t0l"111

Is at n posite extreme. One of Ani's design criteria is to minimize the

arbitrariness of any coice AN makes, The idea is that for every choice Ani should

have awailable large bodies of knowledge, gather together that which is appropriate,

and ake a reasonable choice. My vew of aesthetics gves mu ch mportance to the

quality of the reasoning behind a work of art. The art in an art object lies at least

8q MUCh With the perceived quality of the thinking behind each choice as with the

perception of the object itself.

1. II dornallis requiring much creativity nd esthetic udgn)ent hre have been a fw yms tat.
like Am, fit n nelthei- of these classes. Meehan's Talespin us knowledge nd symbolic mulatiot to
111A0 stol�lrs and Lenat's 'artificial matheii)atician" makes (aesthetic) udgments bout the qL10111t Of

neviv created mathem-itical concepts. These systems are discussed n Section F 'Other Systems that
Create Ac-�thrtlc bjects" o pge 47.
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Creativity nd Randomness

I m not saying that randomness and arbitrariness do not have their place in

art. Their place is where an artist uses them deliberately for good reason. A

slightly perturbed square, for example, may in many cases be more desirable hn a

perfectly drawn square, maybe to look more like a square drawn by a human in a

hurry. I am aware of no computer program, however, that decides to use

randomne ss. That has always been the decision of the programmer. Reichardt

1 9711

Good art is carefully constructed and thought out, each element is there for

good reasons. A random number generator 'is as likely to produce a "Mona Lisa" as

are a million onkeys to type "Hamlet". This is not to say that there are not

inconsequential decisions tat have to be made that could just as well be made by

the toss of a coin, In such cases, however, one can just as easily ignore the random

number generator and produce just as good a film.

Some have speculated that creativity i's essentially a controlled use of

randomness. A common idea is that large correlation matrices be used to restrict

the next thing chosen to the set of values that have ever occurred immediately

after te previous n values.1 If the values are letters, n is 3 or 4 and the

correlation matrix i's based upon text of the works of particular authors then the

1. S#,p (F)ennett 107] for a resentation of this idea.
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Creativity aid Randomness Discussioll

output "be,-rc a striking resemblance to the authors' styles" ([Bennett 977] page

702). The problem is that as the order of the matrix increases then the output

becomes less Find less original since it is more restricted to doing exactly what was

done before. As the order of the matrix decreases the originality increases but the

chance of finding anything interesting, correct, beautiful, or whatever becomes

miniscule. Not only does randomness rarely produce art, but its use just shifts the

P.roblern of creativity to the equally hard problem of selecting the good stuff among

the astronomically large number of products of a random process.1

Can't Be Original or Surprising

On one occasion met Picasso when I had 'ust left the subway. " have
,-een workers removing old posters rom the subway and pasting up
others, said "Some of the surfaces are covered with fragments of
precious posters nd the effects are beautiful." "Yes," he answered,
nothina is n accident. A man destroys here, puts something there.
Fhere is something mysteriously conscious and deliberate that takes
place in the ind of the man who pastes and tears those posters. The
result is not only accident."

- ----Xavier Gonzalez Ashton 1977 pge 91

That Ani cannot really be original or surprising is another objection to the idea that

I . I I I

Jorge Borges n his short story 'Llbrary of Babel' Borges 19621 conveys very well tile
of 1bran, that contains every possible book (less their 410 pages) despite the fact that it contains
11)"Illy undiscovered masterpieces -tied secrets of the uiverse.
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D)Snls�1011 Can't Be Origimal oi- Sui-prising

Ani is good model of creativity-' Ani can only do as programmed and the

oriainality or ability to surprise one might perceive is just an illusion, since it was

MI there before. But what does it mean to say it was ail there before? If all that

wa tere were complex rules for combining many disparate chunks of knowledge in

11F)Ccot-dance with the film description ten the film was not there before. Similarly

the objection that Ani could not genuinely surprise anyone who understood the

program loses its force when the complexity of the rules and amount of knowledge

involved in aking a film are great. I am often surprised by what Ani does.2

There is nother sense 'in which Ani really can be original or surprising. Ani

does have a very crude "understanding" of originality which translates to rules such

as oid making te same choices as previously and avoid choices that are known to

be stereotypical. Ani does not currently have any notion of surprise but one could

be constructed that deals with the illicitation and subsequent breaking of te

expectations of the viewer. In other words originality (and the ability to surprise)

are manifestations of the actions of a few rules upon large bodies of knowledge.

I This is ol, obj.?ction hat is ften ttributed perhaps wrongly) to Lady Love)ace n hr writm,:-s on
A irflytic Engine [Tay)or 143). This issue is discussed'at some lenz-th In Turino- 95(].

V"Is S(11'priscd when Ani ended the first scene by hav'ng Cinderella meet the Pri
I I 111cr 1111

accompiny h cross the sci-een. pon reflection I realized this was ot a bug. it Is perfectly
C011SWPI)t With the tory as described to A ni.
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A ni Is too Limited too Simple M nded Discu5sloll

Ani is too Limited too Simple-Minded

It is easier to and you will learn a lot more from studying somebody
who is a vy bad amateur composer than from studying a good one

-cause te ood one presumably has 20-50,000 subroutines of
Valious well-developed sorts whereas the other one has only a few

hundred and you might gain some understanding by that. The worst
thinc, you could possibly do i's to try to figure out the processes f

very exceptional composers who have been dead a long tme.

-Marvin Nfitisky (Chaikiii 1979)

Another potentially significant difference between Ani's creativity and a human's is

that The variety of creative acts Ani can perform is very limited. This is of course

to be expected since Ani's knowledge is restricted to that which 'is useful in making

a ery iple kind of non-figurative narrative computer animation. This difference

between Ani and people is not qualitative but 'is in the amount of knowledge

available.1 It is possible that people are creative in virtue of the large number of

different bodies of knowledge they possess, Ani cannot make analogies between

fields, cnnot cross-fertilize different areas, so perhaps is a bad model of creativity

after all. It may turn out to be the case that this cross-fertilization is just a special

case of creativity that itself is best viewed as an ordinary creative problem (i.e.

how to find two or more fields and apply knowledge in one to accomplish something

',Rely lar--e qw-motative dfferences ae qualitative differences though.
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D_ A ni Is too Limited too Simple Minded

in the other).

Ani may be too simple minded to be a good model of creativity. Ani's

reasoning is too crude and knowledge too limited. In the system's defense, Ani may

not be a very good artist, but being relatively simple is a more comprehensible

object of study. We should start with simple models, understand them, and then

build performance-oriented ones. One calls a large complex computer system

simple-minded only with respect to humans performing the same task, Ani is a very

complex model in comparison to most psychological models --- complex enough to

actually make movies.

Ani's Films Are Not Good Enough

Some of the programs we have described perform work that is
considered difficult, and even mildly creative, when t I's done by
hUMan-6, Althouah these programs fall considerably short in
performance of the highest levels of creativity of which humans are
capable, there is every reason to suppose that they are qualitatively
of the same genus as these more complex human problem solving
processes.

Newell, A Shaw, J., and Simon, H [Newell i 962) page 16
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A ni's Rims A re Not Good Enough Discussion

Yet nother objection to Ani as a model of creativity 'is that Ani's films are

not cis good as films ade by humans. A model of the process of creating mediocre

art objects is not too interesting according to this view. Again the issue is whether

the ifference in CL18 i ty is due to fundamentally different processes going on in

hurnans and Ani or if it is just a matter of degree. Seymour Papert's super-human

hUman fallacy is apropos here. Why should Ani be compared to the best human

animators," Why not compare Ani to a ten-year- old faced with the same task?

Some may be willing to grant that Ani is a model of mediocre creativity, but that

that is not the same activity that occurs when great artists or inventors create.

Personally I believe te difference between the very creative and the non-creative

is due to uch larger, better organized bodies of knowledge and better rules for

using tat knowledge appropriately. Even if 'it turns out that there are some very

fundamental differences between them, a psychologist, though maybe not an

aesthetician, could learn much about human creativity from computer models like

Ani.

Ani is Not Intuitive
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A m is Not IntuitiveDISCW�Joll

All depth psychology of whatever school or shade insists on the
importance of unconscious processes in creativity, and there is no
que_,!4ion that 705t of thedecisive impulses of the rtist--and, indeed,
of te scientist --- issue, as mentioned earlier, from below the
threshold of wareness. This i's true, however, for most human
activities. In weighty as well a in small matters we commonl judge
and decide on the basi's of criteria which we identi(y only factum
and on equest, if at all, and which, more often than not, can be
fotmulated in sensible speech only with difficulty. At the same time
we feel quite ure h we did not act arbitrarily or blindly but for
good rasons.... In a certain sense, then, it I's true that in the creative
process conscious behavior and unconscious behavior are no more
different from each other than the flowing of a river in full daylight is
different from its flowing in the darkness of night.

-- Rudolf Arnhelm [Amheini 1962 pge 

The uman n7ind, because of its intuitive capacity, often jumps over
several looical steps without realizing it, like Evel Knievel soaring over
a low of buses, The computer must touch down on every bus, or
every logical step, in reaching an answer.

That, of course, is ultimately reassuring We needn't worry about
computers getting creative.

ni B 'Getting to Kiiow the People Powered Comixiter' A ugust 12.

W I fi, i e r ni a n,

1976. Chicago Tribune
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Do humans !�,oar over a row of buses without realizing it or do they touch

down on every bLJ S without realizing it? Is intuition the product of skipping steps or

is it pocess tat step by step moves forward but one is conscious only of where

it started -rind were it ended? If it is the latter, then AN is only all too intuitive

being very ignorant of what different parts are doing. My guess is that Ani's

performance would improve if the opposite were true and Ani could reason more

introspectively, If intuition is a step-skipping process then parts of Ani might

qualify too. For example, Ani does not step by step move the characters in a scene

throuoh their pces to determine where they will end up or how long it wi'll take.

Instead Ani estimates, makes approximate guesses, and skips thousands of steps.

The notion ht intuition is connected with creativity i's a common one. This

may be because intuitive thought is essentially more efficient because it is not

slowed down by hving to report constantly to some overseeing processes

(consciousness?). What distinguishes intuitive thought from normal conscious

thought i that te former happens without us being aware of it. There is no need

to assume that it is different in any other respect.
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Section Ani and Aesthetics

What Aesthetics is

Aesthetics is no longer essentially a philosophy of beauty, but an
experin7ental science based upon psychology, sociology and the theory
of creativity. One of its basic aims is to find out how creation works
by studying art objects and how artists made them

-Abraham A. Moles [Reichardt 1971 pg 62

don7t think you can get anywhere by trying to define art as this or
that. You have to talk about varieties of experience which are
con,�idered to bear on art, but clearly the word art is a child's word -
thinas re either art, or science or art or reality or something, and that
Is a dumb-bell distinction to start with,

Minsky Chaikin 19793

Clearly te putting of literature and music and these
art6-7 into the same boxes is a political and not a
ck7ss-ifica tion

- -Marvin Minsky

things [visual
psychological

(Chalkin 19791
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What Aesthetics is

Ae�Jh(?�tlcs is concerned with the nature of the process of creating a work of

,,art, he work of art itself, and te process of experiencing a work of art., Ani is a

Wor-kinn model of the first aspect, te nature of the creative process. This

re�,earch hs little relevance to the other two aspects of aesthetics. The place I

See for a computational view of the nature of a work of art tself is as a way of

describing te complex structure involved --- how the parts and levels relate and

interact. However, I think it is misleading to talk as if this structure existed in the

art object, istead there are descriptions of the art ob'ect in the minds of the artist

or viewer. Tis distinction is especially important because the structure is not

isolated but interacts with other knowledge (such as what some part of the art

object symbolizes). Insight into the third aspect of aesthetics, the nature of the

experiencing of works of art, will probably have to wait for computers able to see,

though blind computer system tat evaluated a high-level symbolic description of

an art object might prove very enlightening.

The difference between creating and experiencing a work of art may not be

as great as is usually believed. Much of the knowledge that 'is involved in

constructing a work of art deals with how to make objects that are aesthetically

pleasing. And much of the aesthetic appreciation of an object 'Involves the

i, VII)IC �011)e of hng I will sny will pply to hve-action i, the static vual r and te

non "'Isual rts. tile ope of this disctissioii is limited to the aesthetic mid affective aspects of animation.
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reconstruction of the mental processes that one supposes occurred in the rist

while making the object.

I ee te aesthetic quality of a work of art profitably broken into the

following aspects:

(a) Structural. This part 'is concerned with the overall scheme,
structure, story or script. The aesthetics lies in the relationship of
the prts and te ways in which the different levels of abstraction
interact. The top-level structure of Ani's films are provided by
the user's film description, Below that level, however, Ani
provides a simple illustration of the reasoning behind 'the
construction of such structures,

0)) Emotional. Ani knows of the moods, feelings, personalities, and
relationships tat motions can convey)

(C) POr-CePtUal- This is the part that 'is concerned with what looks
pleasant or beautiful. For example, flicker (i.e. alternating dark nd
lio-lit frames) for many people is perceptually unpleasant.2 A more
Positive example is that bright and harmonious colors are typically
more pleasant tan muddy, dull, or clashing colors. This perceptual
a p c c tincludes more traditional aesthetic concerns such a s
cornposition and balance. An 'Important component of this is the
handling of global interactions of the aspects (e.g. between the

1. An extended Am WO Uld also now how hapes. colors, and the interactions and transformanon of
lrse d f f r7i-ent ,)sprcts convey f fect ve wiliti

I I I le-S.
2. Thi� example. (is is tlie cse with most examples n this thesis, is culturally dependent n cn be

considwi Per correct only when ll lse is normal. The 'facts' are easliy overridden Since any of the other
-lestlirtor aspects srilctural emotional or symbolic) or the context care dominate.
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co or sand the shiape), Ani currently is very weak in this respect,
I d e ca scas to how to improve Ani to take these perceptual aspects
into account are presented in Subsection 7 "Non-Narrative
Animation" on page 176.

(d) Symbolic. The symbolic aspect of a work of art depends upon a
cultural set of associations between what an image depicts and
other conce pts. I 'investigated this aspect the least since it
requires tt very large amounts of knowledge of the real world
be embedded into Ani.

Ani is an embodiment of a theory of aesthetics that differs from the formal

theories of mathematicians such as Birkhoff [Birkhoff 1 933], Mandelbrot

[Mandelbrot 1977], Gips and Stiny [Stiny 1979]. They stress the structure and

informational content of an art object (and sometimes the information content of

the process that mkes it), wile the theory behind Ani stresses the role of

knowledr;e nd reasoning. Myriad inter-related decisions intelligently made on

the baqis of large amounts of relevant knowledge is the essence of the process

of artistic creation. Ani is a crude and simple computer model of that process.

The ehetic problems of interest by this view are how to structure the

d c c i-ion p, how to bring the relevant knowledge to bear for each choice,

how to handle interactions between the choices of the various parts, between

the different levels of abstraction, and the different views of the object being

created, and how to do all this while maintaining a certain coherence and

consistency. The relationship of this knowledge-oriented view of aesthetics to

the formal information-oriented theories 'is discussed 'in Section "Aesthetic
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Systerns to on pge 133.

Objections to Ani as a Model of Aesthetics

Fn well aware that this research will raise man objections from aestheticians

and rt theor0tiCians. A computational model of animation appears to be at

variance with commonly held views of art as 'Intuitive, maginative, unpredictable,

non ri-fle-based, and requiring the creator to have a soul or innate talent. I

think that an Al view of these problems could be enlightening to the art world

and shouid be formulated. Hopefully, AN will be useful as an example in

meeting these kinds of objections.

Many of these objections are similar to those against the idea that An is

creative discussed in Subsection 4 "Objections to the Notion that Ani is

Creative" on page 209. This is to be expected snce Ani is relevant to

aesthetics primarily as a model of the process of creating a work of art.

Traditionally people have thought that the role that aesthetics plays in creation

is uique to the creation of art. Many have come to realize that, on the

contrary, aesthetics plays an equally important role 'in creativity in other fields

such s mathematics and cience) Nonetheless there are a few aspects of

conventional aesthetics unique to artistic creation that Ani seems to be at

I. Wechslor 97S s collection of ,articles on this very point, See also Subsection 'A DP-1-PS51011
Into AP,;thr-tIcs nd Mathematics" on Ige 3.
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objectiolIS to Ani a a Model of Aesthetics Discussion

variance w i t 1. New objections to Ani as a model of aesthetic creation arise

becaus- of the role of perception, emotions, taste and style in aesthetics. Some

overl ap wit te previous discussion on creativity 'is unavoidable, however.

Lack of Perception

Ani is perceptually limited to input from a key-board. Ani i's blind both to the

world and her own films. One may wonder how such a perceptually-limited

system could be expected to produce visual art. A partial answer is that

perception is a process of creating symbolic structures from external stimulus

and terefore te system needs only those symbolic structures and not a

perceptual mechanism. Ani's knowledge base i's, to a 'large extent, a condensed

and simplified version of the structures that I have built up over the years as a

perceiver. There are historical cases of great artists or musicians who became

blind or df nd yet were able to continue producing great works of art or

music, Nonetheless, it is quite useful to see what one has produced. Ani

maintains symbolic structures describing the film and its 'images as they are

Credited, These structures could compensate for most of Ani's perceptual

deficiencies were critics to evaluate these structures added. (See Section D

Tritics and Criticism #I on page 189 for a discussion of this.) For example, when

finally rLinning te film Ani easily could be modified to detect that a character

unexpectedly moved too close to the side of the screen or that a section of the

film took too much or too little time.
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Lack of Perceptioll1) I SC Ws 1011

THs does not completely compensate for a lack of sight however, for there

are mny ce were a creator does not notice some aspect or interaction of.

parts until the product is created and perceived. For example, i once mrlde a

film thr-it had a very complex shape growing and turning while simultaneously he

colors were canging in subtle ways. The color changes turned out to be too

Subtle in tis context -- I still have troubles convincing people that they are

really appening. One solution is to exaggerate the aspect that became

overwhelmed te color changes) and to downplay the other aspects (the

rotation Find growth speeds), The simplest solution to Ani's'lack of feedback is

to rely on a hMan observer to give perceptual criticisms.

Lack of Feelings

To call up in oneself a feeling once experienced and having called it up
in oneself by means of movements, lines, colors, images, expressed in
tA,/Ords, to so convey thi's feeling that others experience the same
feeling-in this consists the action of art...

.- -Leo Tolstoy (Tolstoy 198 pg 74

Paintincy is a thing of intelligence. One sees it in Manet. Once can see
the i17 telligence n each of Manet's brush strokes, and the action of
intelkrence made visible in the film on Matisse when one watches
Matisse draw, hesitate, then begin to express hs thought with a sure
stroke.

----Pablo Picasso Ahton 19771 1,-ige i6

Page - 229



---

Lack of Feebligs Discussioll

The in't-icate cybernetic systems wch, we may surmise, govern
thinkina 1 13-enetal and creative tnking in particular, must not be
tre,3ted as �zolely an intellectual affair, or simply a matter of knowinaet F
I-OfleCtl'Ml- al7alyzing, inferring or enga 'no, in other exclusively cognitive

bi 0 91

,�ctivifies, n so far as this is possible. The entire individual is
I.n vol ved, body and soul. By which mean that hs repertoire of
h e uris t ic devices is not n7erely a bag of intellectual tricks and
e; Ing, fearlessness in asking unwelcome
hortcuts. AUdOCity and dar'

questions, and willingness to ignore the sign "do not trespass on my
territory'? ---- all these belong to heuristics.

john Chen (Reichardt 19711 pag-e 8

Sonie people tink that when an artist paints a depressing scene that he or

she ust be feeling depressed while painting it. Many less extreme theories of

art still lave emotions playing a very 'important role. It might indeed help to be

feeling in a particular mood to create a consistent and strong visual

representation of it. Ani need not "feel" to behave the same as people who do.

It may turn out tat feelings are a manifestation of knowledge-based processing

but reginirdless, it is not te phenomenology of feelings that is critical here, only

the effects of te feelings, (See Appendix VIII. "An Essay on Art and AN it on

page 291 for a discussion of the expression theory of art as 'it relates to Ani.)

Turing's imitation test [Turing 1950] is apropos here. We do not (and

maybe cannot) know what someone else is feeling, but we can observe and

interact wth people and "feeling" computers and if after a sufficiently long time

cannot tell them apart then the computers have passed the test. The same test
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Lick of Feelin

applie-s to the problems of divining te emotional state of an artist by observing

his or her rt work. At least one such test of a computer program has been

carried out. Over ten years ago Noll wrote a program that made line drawings

based upon statistics of a few paintings by Mondriaan Noll 1967]. One hundred

people were shown Xerox copies of the computer output and of Mondrinan's

Tompo�-,ition with Lines" and 59/100 liked the computer version better and only

29/100 correctly identified the Mondriaan.1

People could be asked wether Ani's films or similar films made by humans

express the emotions of their maker better. Ani mght pass the test which

would provide evidence against the notion that one needs to feel emotions to

make Firt- knowing emotions instead is adequate.2 Ani does not feel nthing,

has nothing cot-responding to emotions inside, nonetheless can animate characters

that re mdly in love, terribly frustrated, angry, frightened, and so on. This is

because Ani knows what these feelings mean in terms of the gross behavior of

a character, Ani could even be extended, presumably, to animate as if in a

pa r t i C Li ar r rn o o d. Ani, extended in such a manner, need not be depressed to

make a film that looks like one made by a depressed person. The mood would

1 A pointed o by Lc Steels, this experiment 1robably isses the point of hat Mondria"111 V.1111S
doltish He was creating the e which h written n nd clearly Noll's pi-o�gran)

I o I gf is pintings are
di nt create ilie )-anguage of Its di-awings,

2. ) n the othpr hired Am might fll the test ot due to an iability to feel but because her know)edg-e
of r-111otions is too Fude nd that ck of subtlety surfaces are the films.
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Lack of Feelings Discus0on

InflUer)Ce decisions,, perhaps to prefer darker more somber colors, slower

Movements nd exaggerating the unpleasant scenes (such as someone hurting

someone else).

Ani Can't Know Enough

If eery, store in the creative process could be logically specified and
M,3de ex�?Iicit, we could invite the computer to write poetry and
dircover theorem6, for a computer can discharge any task that can be
forma//Y described. Te trouble is that we are not yet in a position,

"her in principle or pactice, to set the limits of the formalization of
n7entil afivifie.c�, in :7pite of over-sanguine assertions to the contrary.
A17 ethusiast declares, for example: "Undoubtedly, it will ultimately be

to program a com uter to achieve the same mastery of English
t/m t we ourselves lave... Creativity, in every sphere, is a species of
inl'Ot-t7�,iti-ii-i,�t-ocessing in which, so to speak, the processing by man as
trotirducer, contributes far more to the output than the information
itself The ceative man makes more and better bricks with less
straw. He does not have to plod and search every nook, crevice or
crannv He has a knack of eliminatina false traits. In short he has a
repertoire of euristic devices at his disposal. He himself can tell us
little bout them, and a computer scientist, would give his right arm to
be able to pounce on them and bring them to light of day.

John Coheii (Relchardt 1971 pge ?-6

A common notion is that the knowledge (or talent) needed to produce good

art is not explicable or transferable. Art schools just transfer needed technic,--II

skills but the if creative spark" either is 'in someone or is not. Or alternatively

art schools just provide an environment that encourages one to be creative or
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Ani Cn't Know Enough1) I SC Is �1011

I Ioriginal without teaching creativity or artistic talent. Many go further and say

that atistic talent is essentially innate --- you either have it or you don't.

It is very important to know whether there is some truth to this view. If

it is false then rt education could be changed drastically with beneficial results.

This view of artistic talent, if incorrect, is probably harmful to potential artists

who believe it. If tey think that they themselves have no talent and they

cannot obtain it, tey become defeatist and their self-image often proves

self-fulfilling. Even if hey think they possess talent, their belief that talent is

essentially innate lessens; the chances that they will try as hard to learn to be

more creative.1

I N Why might some knowledge be unobtainable? It might be embedded within

some innate rocesses of someone, For example, it might prove impossible for

anyone to learn to see red as blue since the knowledge involved is frozen

forever Within some innate vision processes. Or the knowledge might be so

subtle, so complicated, so difficult to access or so hard to translate into some

communication language that try as one might one cannot transfer the knowledge

because one cnnot "put it into words". That this is the case can only be

empirically verified. The record of Al in procedurally explicating knowledge or

I. This nd of concern with the ffects of one's models or theories of one' on md is devrioped
much forther i [Nfinsky draft].
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A n Cn't Know Enough Discussioll

processes that were previously tought to be inexplicable is encouraging, as is

the succeq.,; of mny teaching experiments conducted by the Logo Group of MIT's

Al Laboratory ([PC-ipert 1971a] nd [Logo 1978], for example). Logo's work on

teaching people to juggle, ride unicycles, walk on stilts and other if circus" skills

is especially encOUraging. An interesting discussion of knowledge embedded with

procedures can be found in [diSessa 1977].

The construction of systems like AN are good operational tests of

questions bout the nature of the knowledge needed to make art. A successful

System would not only provide strong evidence that such knowledge is

explicable --and transferable but might prove to be a good medium for the

trnn�,fer. Such a system could be used, studied, manipulated and extended by

art StUdents. This use of a system like Ani is discussed further in Section 

"Ani and EdU C ciltion it on page 149.

Everyone Sees Differently

"What vA/ou/d an art critic says if he were to see it for the first time?"
Or nt worried about what he would say. That would depend on what
school e belonrfed to. Some critics pre(er a sea bluer than this, or
less q�reen, because on looking at the sea they seek the idea which
they lave formed of it through a pture which they have accepted as

bood because tey have been told that t is good or because they
think tat te signature of the painter is worth a lot of money.

--Pablo Picasso Ashton 1977 pge i22
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Another objection to Ani is concerned with the perceptions of the viewer. Th e

objection is that each individual perceives a film differently, so it becomes

problernatic as to what model of the viewer the system should hve. Much of

the knowledge of the system consists of facts such as "curving, smooth motion is

happy", hte can be conveyed by hitting", etc.. These are cuiturally-depenclent

generalizations that occasionally fail due to the viewer's idiosyncratic experiences

and associations. There are at least two retorts to this objection. One is tat

every film or work of art suffers from the same problem and yet there is

enOLIgh of a common ground of associations, perceptions, and experiences for the

work of art to communicate and affect its viewers. It is upon this common

ground that Ani's knowledge is based. The other response to this objection is

to construct idiosyncratic knowledge-based systems as described in Section H

"Where All This Might Ultimately Lead" on page 199. Each viewer could modify

the knowledge base according to his or her own feelings and associations and

then let the system produce the film. A knowledge-based system is capable of

conforming to each individual viewer's subjective preferences and personality,

A very limited version of this capability currently exists with Ani. The

global fm description can be viewed as a partial model of the viewer. If the

viewer is a young child, for example, then the levels of the global descriptors

can be set so tat te film is simple, obvious, flashy, moderately varied, and not

too long. Perhaps an extended set of such descriptors combined with the ability

to respond to criticism would provide a mechanism for making films tailored to
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the pat-ticulFir uer.

But the Films Must Be Mechanical

It i evident tat none of the rules of composition are fixed by
a pri or can be esteemed abstract conclusions of the

unders tandin,�, rom comparing tose habitudes and relations of ideas,
whic r eternal and immutable. Their foundation is the same with
that of all the practical sciences, experience; nor are they any thing
but -General observations, concernina what has been universally found
to please in all countries and ages... To check the sallies the
inmi-lination, and to reduce every expression to geometrical truth and
exactness, �,vould be the most contrary to the laws of criticism;
because it would produce a work, wich, by universal experience ' has
been found te mSt insipidanddisa,;reeable- But though poetry can
rever _,�Ubmit to exact truth, it must be confined by rules of art,
discovered by te author either b genius or observation.

-David Hume Hme 1777 pge 69

It is obvious tat we are talking about mechanization of creativity. But
is this not a contradiction n terms? Almost, but not really. Creativity
is the etence of tat which i's not mechanical. Yet every creative act
i s mochanical --- it has its explanation no less then a case of the
hiccups does. The mechanical substrate of creativity may be hidden
from views/, but it exists, Conversely, there i's something unmechanical
in flexible proarams, even today. It ma not constitute creativity, but

0 y
when programs cease to be transparent to their creators, then the
approach to creativity has begun.

Douglas Hofstadter [Hofstadter 1979 pge 621
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'But the Films Mst Be Mechanical

A corrinion cticism of films or other art objects is that they appear too

mechanicaily constructed, that they are too predictable. This is an especially

comnion criticism Of COMPUter-generated films. The motion is too smooth, it hs

little. character. The shapes are too exact, they too lack character. The

computer films that are exceptions to this are either driven by pseudo-random

number generators or by humans. The former are often structureless and lack

coherence since too many decisions were made by "tossing a coin". The latter

care often fine since they avoid being mechanical by having humans graphically

communicate te motion or shape to the computer.

AN avoids this difficulty by a process somewhat similar to that which a

human goes trough. The motion Ani gives ob'ects typically has character nd

complexity, unless of course te intent 'is to convey a simple or mdical

personality of a caracter. Basic patterns of motion are combined and modified

to achieve a very definite character, so most motions are not likely to be

mist<--)ken as echanical. Predictability and a mechanical character" are products

of smple rules. Ani's rules and the knowledge that they operate with are

complex and varied enough (and with more effort could be even more so) that

Ani's films are not predictable and the style is not mechanical. "Mechanical" is

an adjective tat applies to the products of simple rule-based processes but

need not apply 'to products of much more complex mechanisms.

Page- 237



But the Finis Nfust Be Predictable Discussioll

But the Filt-ns Must Be Predictable

It S017704imes eems to be argued that people would become effective
problem-solvers if onl we could teach them to be unconventional If
our nysis- ere is correct, unconventionality may be a necessary
condition fr creativity, but it is certainly not a sufficient condition. 
unconventionality simply n7eans rejecting some of the heuristics that
restrict search to a limited subspace, then the effect of
unconventionality will generally be a return to relatively inefficient
trial-and-error search in a very much larger space.

NeAefl. A., Shi,,A,. J., and Sinion. H. [Newell 1962 pge 105

Some might complain that being deterministic AN is too predictable. AN is

deterministic in the sense that, unless told to behave differently, will produce

the same film for the same script. Ani remembers, however, the decisions mde

in niaking te first film and, if so instructed, can make another that is

sivnificantly different from the first. Ani could be extended to inject n

unexpected or unpredictable element into a film without the use of random

number generators. AN could establish a pattern and then break it at a ritical

point. Ani CUld decide to use one aspect of a character as an odd

distincyuishincy fe,-citUre- For example, an improved Ani might give a very pleasant

friendly character a large pointed shape (typically an unfriendly shape), The

motion, color, line, and texture would override the undesirable connotations of

the large size and pointed shape. The atypical size and shape for the friendly

character might be chosen because the character is supposed to be a strong
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D But the Films Mst Be Predictat-le

free Kelly. This treatment is consistent with one of the ma'or themes of this

rese;r�rch --- that AN should have a good reason for every choice mde.

Section Ani and Style

When te system is determinino, the speed, path, shape, color and
te.xture of each object, its task would be greatly simplified if each
aspect were properly structured Intuitive spaces are desirable, so
are standardized ones. Te way the space is structured or described
greatly nences the ease of maneuvering and reasoning wthin it.

Ken Khn n the thesis proposal for this research Khn 1977b]

Criti.cs often talk about the style of an artist, a group of artists, or a

period but it is obviously a slippery quality. It refers to something in common

aniong a group of art objects which distinguishes them from other objects.

What makes it so slippery is that any aspect or combination of aspects can be

used to separate styles. Art objects can differ in content, technique, structure,

purpose, or ffect, The differences can be superficial aspects (such as the kind

of brush stroke) or conceptual.

What does style mean in the context of computer systems such as Ani It

fins sornething to do with the decision space that they function within and the

way they move within that space. AN does not structure the decision space for

the dynamics of a character. It is broken down into four aspects (movement,
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attrraction/avoidance tendencies, path, and characterization).i Each aspect in turn

is broken down in elements such as speed, avoidance of strangers, path

curxvature and deliberateness. If this space were structured differently, a

different tyle would result. Another example is the choice of colors. If Ani

were extended to determine the colors of the characters, then some color space

WOUld be ud to mke choices within. Different styles of coloring would result

dependency upon whether the system worked within a red-green-blue space, a

hue-intensity-saturation space, or a "semantic net of colors".

It is not just the structure of the space that influences style, but the way

one mes choices within it. Any regularities in the process are potentially

perceivable as part of a style. For example, a system that completely

determined te description of each character one at a time would have a

different style from one which determined the colors of the characters, then

their dynarnics, then their shapes and so on.2

Style is a result of the regularities in a decision-making process that are

not inherent. If the regularity were a necessity then it would not be part of

the style ince every such object would be regular in that way. Style can only

be perceived against a background of alternatives. A weil-designed system

I This is described n oi-e detall n Section A 'What is a ValUe?" oil page 103.
Ani cl r -) -xplr e the spaces of choices n either oder. Experiments to determine the different

resul(s lfe vet to b mde.
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Ani aid Style

COLlid be an idea] experimental medium for seeing how the same task is hndled

CT$ Dararfleters that control the style are manipulated. The global film descriptors

in Ani could be used to this end. When one says that the film should be subtie,

!�Iimple, aried, original and not very flashy, one is partially defining a style within

which Ani will operate. These parameters do not control the decision space

Much but they do influence in a systematic way how choices within it will be

made, An interesting problem for future research is how the style itself could

be determined. Is there a meta-aesthetics of artistic styles?

Section D Ani Seen from Many Perspectives

Am is a computer program that can be profitably described from several

different perspectives. From a functional point of view, AN is a very naive

computer, nimator capable of making simple animated sequences in response to

v a n- u e and incomplete descriptions. From the point of view of artificial

intelligence, Ani is a program that demonstrates the usefulness of some concepts

Such as actors, suggestions, postponement, levels of abstraction, and explicitly

controlled and recorded reasoning. From the same point of view, Ani is an

example of a way of making aesthetic choices in under-constrained situations.

From an Al engineering point of vew, Ani is a complex knowledge-oriented

computer program that is built out of parts that perform functions Such as

gathering suggestions, choosing what choice to think about next, choosing values

Find needs, noticing and resolving conflicts, and planning sequences of actions.
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From the point. of view of epistemological engineering, Ani represents knowledge

of eniotionc, ethetics, interpersonal relationships, and animation that, while

admittedly in a anner tat is too limited and ad hoc, extends the kinds of

knowle&ye CUrrently representable in a machine, To psychologists interested in

understc-indina creativity, Ani is a computational embodiment of a theory of

creati vi ty. Similarly, of relevance to art theorists, te framework upon which Ani

was constructed is a computational odel of the production of aesthetic objects.

To researchers in computer graphics, Ani is an illustration of the usefulness of

representing complex knowledge in the computer in order to generate images.

To te animation, or more generally the entertainment industry, Ani is a small

first step towards te automatic production of custom-tailored entertainment.

From an educational point of view, Ani is a repository, in an explicit and precise

form, of some of the knowledge and techniques needed to produce animation.

Finally, as a doctoral thesis, a description from any one of these viewpoints

alone gives a very distorted view of Ani. Each viewpoint by 'Itself is an

inadequate description of Ani, and so I have attempted to describe Ani from

many different perspectives. The focus of all these perspectives of Ani

concerns the importance of basing decisions in a sensible way upon as much

relevant knowledge as possible. The thesis is that creation is a

knowled�-e-intensive computational process. It I's this aspect of Ani --- in the

world of programs that create aesthetic objects --- that makes her interesting.
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A ni Seen from any Perspecti"Wres

Animation is te one medium which can deal graphically ivith the

(antastic world of te future. There's no limit to what we can do.

-Walt Disney Thomas 195S pge 179
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'f he Cinderella F m Descript[oil

Appendix I - The Cinderella Film Description

This appendix presents the entire description of the Cinderella fm as it was

Presented to Ani, The four portions of a film description (the character, the

character relationship, the scene, and the overall film descriptions) are presented.

Film descriptions are the only part of Ani that a user needs to know about. The

representation of te descriptors, choice points and so on are of interest only to

one wl)o desires to modify or understand Ani's knowledge.

Upper cse is used in what follows to signify words that have eaning to Ani

(or Director) idependent of a particular story or knowledge base,

DE F I N E c i n dr I I a C HARAC TER cinderefla, is a character who
(PROUSS INITIAL DESCRIPTION

(PHYSICAL (AND beautiful habby)) ;; is both beautiful nd hbby
(PERSONALITY (AND good friendly hard-working shy)) ;; is ood, friendly...
(ROLE-IN-STORY MOST-IMPORTANT))) has the most portant role iii the story,

(DF--FTNF stopmother CHARACTER ;; sepmother is a character who
(PROCESS TNITTAL DESCRIPTION

(PHYSTCAL L191y) ; ; iS gly

(PERSONALITY (AND mean selfish strong evil)))) ; ad mean selfish

Relationships are broken into two parts, how the first character relates to

the econd nd how the second relates to the first. For example, the relationships

of Cinderella cand her stepmother are described by
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The Cinderella Film Description

(PFFTNF (FLATIONSHIP-OF -stepmother inderella) RELATIONSHIP
9 I la

(PROUSS NTTAL DESCRIPTION ; the sepmother relates to Cinderel by
(AND ominate,,; hates))) -1-1 dominating and hating her

(DEFT;4E (RELATIONSHIP-OF inderella stepmother) RELATIONSHIP
(PROUSS INITIAL DESCRIPTION ;; �%,hile to her stepmother Ciiiderell is

(AND is-obedient-to is-tolerant-of))) tolerant ad obedient

The other characters and relationships are defined as follows.

(DEFTNE fairy-godmother CHARACTER the fairy-godmother is a character who
(PROCESS It,,J1TTAL DESCRIPTION

(PHYSICAL (AND pretty magical)) -- is mgical ad pretty
(PUSONALITY (AND good kind strong)))) and good. kind and strong

(DEFINE (RELATIONSHIP-OF inderella fairy-godmother) RELATIONSHIP
; ; Cfflderella' rationship with the fairy godmother is
(PROCESS INITIAL DESCRIPTION

that shi, is polite aiid grateful to her
(AND is-polite-to is-grateful-to)))

(DFFTNF (RFLATIONSIITP-OF fairy-godmother inderella) RELATIONSHIP
-nice the fiir!,, ,,-odmother rates to Cderella by being

(PROCESS INITIAL DESCRIPTION
protective, gellel'Mls, and helpful

(AND is-protective-of is-generous-towards is-helpful-towards)))
I

(DEFTNF prince CHARACTER ;; the Prince is a character who
(PROCES ITIAL DESCRIPTION

(PHYSICAL (AND beautiful strong)) ;; is strong. handsome.
(PERSONALITY (AND good stubborn determined))));; good. sbborn...

(DEFINE (RELATIONSHIP-OF inderella prince) RELATIONSHIP
(PROCESS INITIAL DESCRIPTrON -- Cinderella loves the Prince throughout

loves))
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The Cinderella Film Descriptioll

(DEFTNF-.. (RF1,A'rT0NS111P-0F prince inderella) RELATIONSHIP

(PROCESS 11TTAL DESCRIPTION ,; And the Prince loves Cinderella
loves 

The first scene in te film introduces Cinderella and her stepmother, their emotional

state, i-ind their relationship as follows.

(DEFINE introduction SCENE ; ; inti-oduction is the iiame of this scene
(PROCESS INITTAL DESCRIPTION

(AND in any m-der do th flowing

ESTABI. 5H PERSONALITY c i ndere la) establish Cinderella's personalltv

(ESTABLISH (EMOTIONAL-STATE inderella and that she is mildly happy

(JOY (POSITIVE LOW))))

ESTABLISH PFR50NAI-ITY stepmother ) ) ; o for the stepmother

(FSIABLISH (EMIOTTONAL-STATE stepmother (JOY (POSITIVE LOW))))

(ESTABLISH (RFLATIONSHIP ;; nd etablish

(RFLATIONSHIP-OF stepmother inderella)))

how stepriother rates to Cinderella
(ESTABLISH FLATIONSHIP and how

(RFLATIONSHIP-OF inderella stepmother)))))

;; Cinderella relates to hei- stepmother

(SFT YR LENGTH TO LONG)) ;; nd this cne should be relatively long

The second scene is more typical in its mxture of event types and their partial

ordering.
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The C-inderefla Film Descriptioll

PFFINF kept-apart SCENE this cne is called "kept--apart'

(PROCESS INITIAL DESCRIPTION

USNUENCE ; n h foflowliig oder

(CONVFY wnts inderella ;; convey that CMderella wants to

(meets inderella prince))) meet the Prince

(CONVEY re\/ents stepmother ;; their convey that the stepmother prevents

(meets inderella prince))) ;; Cinderella from meeting him'
(AND ;; arid tire In older r rnultaiwously

(F51ABLISH EMOTIONAL-STATE inderella ;; establish that Cinderella is

(JOY (NEGATIVE HIGH)))) very unhappy

(ESTABLISH (EMOTIONAL-STATE stepmother while her stepmother is

(joy (positive medium))))))) ;; hppy

(SET YUR LENGTH TO LONG)) this scene should be relatively long

The other scenes were defined as follows.

(DEFTNE no-longer-kept-apart SCENE this is called o longer kept apart'

(PROCESS INITIAL DESCRIPTION

(CONVEY (undoes ;; convey that the fairy godmother undoes

fairy-godmother
(FROM-SCENE kept-apart ;; hatever i the kept ,apart" scope

(CONVEY was ued to convey that

(prevents stepmother ;; the stepmother prevents

;; Cinderella from mting the PrIt1cf,

(meets inderella prince)))))))

(SET YOUR LENGTH TO SHORT)) this should be a short scene
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The Cnderella Filn) Descriptioti

OFF INI re t. i ng SCEW the fourth scene i clled "ieenlig"
(PROCF,�,S THITTAL DESCRIPTION

(11,FQUFfXF. the following ot-der
(CONWY (alone cinderella prince))

convr h Cindet-ella nd the Pi-111ce 1T alone
(CONVEY (getting-it-on Cinderella prince)) their they 'get It o'
(AND ;; nd tire establish their relationships

(ESTABLISH RELATIONSHIP (RELATIONSHIP-OF prince inderella)))
(ESTABLISH (RELATIONSHIP (RELATIONSHIP-OF inderella prince))))

(AtID ;; �and then establish that they ai-e both very happy
(ESTABLISH (EMOTIONAL-STATE prince (JOY (POSITIVE HIGH))))
(ESTABLISH (EMOTIONAL-STATE inderella (JOY (POSITIVE HIGH)))))))

(SET YR LENGTH TO LONG)) this should be a long scene

(DEFUIF Justice WNE ; te 'ju5tIce" cne is defined as follows
(PROCE.SS NIIIAL DESCRTPTION

(AND ; I V Order
Convey that te stepmothei- is ware of the Prince and Cinderella

COt,,IVFY0aviare stepmother (getting-it-on prince inderella)))
and that they r etting it o"

(CONVEY (getting-it-on prince inderella))
(ESTABLISH (EMOTIONAL-STATE stepmother (JOY (NEGATIVE HIGH))))))
;; �-ind that the tepniothej- is very utihappy

(SET YOUR LENGTH TO MEDIUM)) -- this should be a average length scene

The globai film description and focus follow.
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Thr Cin6evrila Film Descriptioll

0 E FT N E c i n d ( r I li - f i I F I LM t he f i Irn is ca lied c tide rella f i m a nd s hou Id be

( S E TYOUR LIVEL OF variety TO MEDIUM) moderately varied

(SET YOUR LEVEL OF complexity TO LOW) pretty simple

S E T Y I RLEVEL OF originality TO LOW) not very original

(SET YOUR LEVEL OF coherence TO HIGH) very coherent

SET' YOUR LEVEL OF bViOLIsness TO HIGH) not at all subtle

(SET YOUR LEVEL OF flashiness TO LOW) not very flashy

(SET YOUR LEVEL OF energy TO HIGH) very eergetic

(SET YOUR FOCUS TO the-films-focus) and its focus is called the films focus

(SET YOUR FILM-LENGTH

TO (INTERVAL (MINUTES 2 (MINUTES 5)))) ;; to minutes long

(DEFINE the-films-focus FOCUS and the focus is defined as follows

(SET YR RI)FR-OF-CifARACTER+ELEMENT-TYPE+ELEMENT TO

(CHARACTERS ELEMENT-TYPES ELEMENTS))

the coherencr of characters hs the highest priority

(SET YR PARTS-OF-THE-FOCUS TO

the scrnes. characters, -,and relationships to mphasize are

c i nder I I a Cmdei-ella

kept-apart the cene n which she is ept from meeting the Prince

no-longer-kept-apart and the cene in which she meets to Prince

(RELATIONSHIP-OF inderella stepmother)

; ; how Cinderella etes to hr stepmother

(RFLATIONSHIP-OF stepmother inderella))))

and how hr stepmother relates to her
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Appendix 1 - The Running of the Cinderella Film

This appendix describes how the detailed descriptions of films produced by Ani are

run, i.e. turned into an animated film. Director, the programming language that both

Ani and Ani's filmq are implemented in, was extended to be able to simulate the

behavior of the characters and coordinate several parallel activities. The interface

between Ani and Director is discussed especially with regard to how it converts

symbolic descriptions of movement and location into numerical values for display

commands.

Ani oes not really animate anything, but instead produces a detailed

description of what should happen and Director, a different computer system [Kahn

I 978bl takes that description and animates it by making images upon a computer

display. The distinction between the two systems is due to the extreme

differences in their degrees of generality and intelligence. Ani 'is very specialized

making only with a narrow kind of non-figurative dramatic animation in a distinctive

style, Director is a general-purpose programming language with many graphical and

action capabilities. Ani makes many decisions using high-level knowledge,

Director mcakes no decisions of any consequence and 'ust does what it is told. This

is becaLlse te film description by the time it gets to Director, has very little

ambiguity or incompleteness left. Also, the quantities that Ani deals with are

primarily ymbolic e.g. "the upper far left corner of the screen" or it a high speed")
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Running of Cinderella Film

while Director eals exclusively with ordinary numbers e.g 314159 or 6.

Section A The Simulation of Ani's Characters

The char,;cter tt star in Ani's films move in accordance with a complex

description of teir dynamics. They interact with each other e.g. chase, accompany,

or hit) and often move until some condition is satisfied (e.g. "in contact with

Cinderella", tn seconds have passed"). To implement these abilities Director had

to be extended, These extensions use heavily rector's mechanism for

qUaSi-parallelisrn which is based upon the notion of a quantum of time called a "tick"

[Kahn I 978d]. Upon every tick of an imaginary clock each actor does a tick's worth

of cactivity. A tick is similar to a film frame --- it is important that at the end of the

frame l te actors on the screen are arranged correctly but anything can happen,

in any order, between frames.

For example, the objects of Director had to be extended to "walk" in

accordance with a character's motion, path, style, and tendency descriptions. Any

moving character has a motion description consisting of a speed and acceleration.

They are used to determine how much the character should move on each tick. The

acceleration w to be used to get the character up to speed and the speed is
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The SImulat o of A n"s Characters Punning of Cinderella Fi1n)
I I I I

proportional) to the distance traveled on a tick) A character could just turn

towards its oal and then move te distance to be traveled (unless it 'is so close to

its goal that tis would move it past its destination) but this would be inadequate

for conveying te personality and mood of a character. Since a character should

rarely change its orientation instantaneously, turning around 'is also controlled by the

speed (--and acceleration) of te caracter. The path description for a character is

important in giving the character's movements some character. It consists of the

Path curvature (since characters typically move in a series of arcs), the length of

each junt te length of each arc) and the degree of smoothness of its movements.

This enables AN to describe a character's movements (either in general or for a

partiCUlar -ctivity) to be short and jerky, long and graceful, or slow and eliberate.

Moving to a location is even more complicated. Sometimes a character should

move by avoiding ny contact with others, sometimes it should contact others only if

forced to (i.e. if cornered) and even ten it might depend upon ts relationship with

the other characters, while other times the character should definitely come in

contact with te other (for 'ushing and hitting for example). Usually a character

avoids going off te screen, but occasionally this 'is just what is called for.

1. Implemc11ting, tile acceleration correctly turhed ot to be harder han expected nd s temporarily

removed Ve. tile 'Icceleration is instailtalleous), The difficulty is in the decelerations where the progi-am
mus dtermine vvhen to bgin to tart slowing a character dwn so that it eds up at the right pece at
tile eight time despite the fct that its target may be moving.
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P unimry- of Cindeiella F1n) The Simulation of A ni's Characters

Sonietiri-ies te ovement of a group of characters should be ocked together so

that when, for example, a character is accompanying another, they do not both Ue

their own dynamics since then they would probably drift apart and go teir own

Ways. All of these abilities had to be built 'Into the routines for moving characters,

To top a haracter after it has started to move AN needs the ability to

exercise mny different options. Sometimes a character should stop when it

reaches its goal, ometimes when it has traveled the original distance to its goal

even if the goal has moved in the meanwhile, sometimes a character should roove.

for a certain length of time, and other times it should move until some other activity

b e P i ws.or ends, This expressive power was added to Director by associating with

each moving character an actor that is its "stop condition". Upon every tick te

stop conditions are told of te current distance to the goal and asked if they should

stop their respective owners.

Section Running Activities in Parallel

Ani describes each activity to occur in a film by indicating the characters involved,

their actions (e.g. walking, hitting, etc.), and the appropriate dynamics for each

character. Te characters are run n parallel by sending each a tick message aking

them to do a tick's worth of action. This is not enough for running Ani's films

However. The activities themselves must be coordinated. Director was extended

to permit activities to be repeated, to be run either sequentially or concurrently,
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and for the beginning and end of activities to signal the 'Initiation or termination of

other activities. For example, in the second part of the second scene the Prince

wanders across te screen while Cinderella and'her stepmother are performing the

it standing guard to routine. Cinderella moves towards the Prince and her stepmother

quickly intervenes by blocking her. Cinderella then moves back a bit and her

stepmother soon follows, This is repeated several times. The top-level

coordination of these activities 'is described by AN as follows,

an d ; d h following cncurrently

(activity-of make-guarding-more- interesting I) make the Prince wnder around
(repeat 6 the followin,� is repeated 6 tinies

(-and tlip following r started together
(activity-of prisoner-escapes 1) Cinderella moves towards the Prince
act iv i ty-of guard-chases I after %,ailing the step mother pursues
act i v i ty-of pr i soner-g ives-up Iafter being blocked Cinderella retreats
ac t iv i ty-of resume-guard I and soon after the step mother follows

The activity called "guard-chases" is typical and can be paraphrased as

follows.' This activity is to start a quarter of a second after the beginning of the

VI prisoner-escapes" activity (the number I 'in its name indicates that this is the first

use of this activity in the film). First the dynamics of the stepmother are nitialized

so that she will move about 14% faster than what is usual for this entir,7� section of

the scene the ' stand guard" method normally sets the speed of the "guard" to X

I. For those curfous about what it eally looks like see Appendix VI. 'Some Code Written by A n on
a ge_

p, e 72,
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Runnin.- f Cindri-ella Film Running Activities i Parallel

faster than normal for this part but he subscene was stretched and so the increase

wag cut own). The usual dynamics for the stepmother in this section indicate that

her Speed ShOUld be fast, tat she move very directly and deliberately, that er

path e only moderately smooth, that she should accelerate quickly, and should not

avoid contact with Cinderella. The first movement 'is the stepmother turning to fce

a location tat is a small way from Cinderella in the direction of her goal.' This

he,ading is offset for the small amount of curvature in her motion. The stepmother

then moves to a moving goal that she just faced towards (the exact iocation of the

goal is recomputed on every tick). When she gets there not only does the activity

end but it end a message to the "prisoner-escapes" activity asking 'it to stop.

Section C The Interface between Ani and Director

Ani communicates with Director by giving it descriptions of the subscenes which

contain te ctivity and character dynamics descriptions.2 One probiem is that Ani

rarely us-es ordinary numbers but instead uses symbolic descriptions of quantities

1. Cindoi-elLi's ,7,oal i the "prisoner-escapes" activity hich is running concurrently) is the Prince,
f, 1. r ( _Jt1Sr .1solle I a t

the standing- g-tiard' ethod works n general for ny pi' r bn h cptive
Some loc'Ition 1 rce Clnderefli is bein kept n a pce that is 'away from the Pr'nce' whC11 She
,e�caprs hrr �,�oal is rally repre�ented as pce hat is away from a place that is away font the PrIlice
which is simplifled as towards the Prince.

c)

Dilf? to ,addres-� pace 11111itations Ani nd Director do n fit together n the conil)LItel"S RddlTss

s pa c e 2 5 C)'K) nd therefore Ani ey communicates with Director by writing out files describing each
sccne nd Director extended as described rads and executes those files,
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The interface between A ni and D Running of Cinderella Film

rnd locatiotis SLICh qS "Fi fast speed" and "a small way from Cinderella and just off

th d of the creen" while Director accepts only ordinary numbers (such as

1. 1 8). My objections against AN using ordinary numbers are partly

phenomenloaical --- they don't feel right --- and partly computational --- much

econorny ir)n be gained by restricting the system to a small set of numbers such as

it a very little bit", "a little bit", ` little", "a medium amount" a lot" #'an awful lot".

The adv-intages of such numbers are that they permit assertions to be made about

the numbet-s themselves (such as consistently using the number "an awful lot it will

result in a wild, confusing movie), they enable crude cross-aspect comparisons a

little bit" of otion will "correspond" somewhat to "a little bit" of sze), and their

context-dependent meaning simplifies Ani's reasoning. The last point needs some

clarifica-tion. Te meaning of the "upper left corner" or "a high speed" depend upon

the particular dimensions of the display screen and many constants describing the
-it a normal character takes about eght seconds to cross the

CLIt'rent, norm (e.g. te

screen). This effectively separates Ani's reasoning from the particulars of the

display- Also te operations upon these approximate numbers can themselves be

approximate.

1. This lisp Of symbolic lots is similar to fuzzy arithmetic (Zadeh 1978). Its use n aother A I

svstr111 is dscussed at Jength In Kahn 1975a].
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Rtmnin2: of Cinderella Film The Interface between Ani and Director

The convenience of what are sometimes called "qualitative numbers" [Minsky

draft] has as its price the necessity of a mechanism for converting qualitative

numbers to ordinary numbers, Ani does not need to do this --- reasoning just fine

With only qualitative numbers --- it 'is for communicating with Drector that the

conversion is necessary. The expression "a long typical path length" is converted

into numbers by finding out that a typical path length is 5% of the sze of the screen

and tat "I Ong " means double the usual, Each element has its typical value and each

of te ualitative numbers corresponds to a multiplicative factor.1

More complex is the conversion of descriptions of a position on the screen to

real coordinates. Location descriptions can be either symbolic screen coordinates

such as the upper far left" or relative descriptions such as "a small distance from

location-1 nd in te direction of location-2' Of course to evaluate a relative

location esomethinpr needs to be fixed (usually as a screen position), The conversion

to coordinates is done locally by asking the actor for the ocation (in this cse "a

Small itance from") for the real coordinates. It n turn asks location-I and

location-2 for teir real coordinates. If they are at least half the screen apart then

it picks the location that is one fifth of the way from location-I on the line between

tire. If tey are closer it picks a spot a third of the distance between then, I

I n ift, contexts when two qalitative lengths are added, for example. their the qualitative 111,1111bers

correspond to different numbers.
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rpolo6ze for the arbitrariness of tis and discuss in Section A "Making Ani Do

More" on ap.�e 162 -Find Section D "Critics and Criticism" on page 89 improvements

to Ani o that locations were chosen more intelligently.
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Appendix III - Time and Memory Statistics

Many people are curious about how large a program AN 'is, how long it takes to
I

make a film, what kind of machinery is used and the like. This appendix attempts to

Satisfy SUCh curiosity.

Ani and Director were mplemented upon a time-shared PDP-10 (KA

proces�,or) at MIT's Al Laboratory. The displays used were Knight TVs (a black and

white frame bffer of about a quarter of a million points) and a color frame buffer

of te !�,ame resolution with 4 bits per pixel permitting at most 16 different colors

at any one time selected from over two billion possible colors.

AN is too large for the address space of the computer (256K) to be run

along with complete Director, so they are run separately and communicate by

writincy files for each other. Ani alone cannot fit 'Into memory when making the

entire Cinderella film and so is run in two passes. The first pass generates the

descriptions of he dynamics of the characters. The part of Ani needed to do this

gi -ows to about 180K. The second pass reads a file summarizing the results of the

first pass nd generates the activities and subscenes that are passed to Director to

be run, This prt is I 76K (24K of which are free storage) and grows to over 2 OK.

In ternis of actors wch unlike more self-consistent actor systems are only the

larger entities in Director) this pass begins wth 418 actors and creates 154 new
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ones (not including temporary ones).

Director with all its graphical primitives loaded) is 117K (7K free storage)

and gows by over 14K when extended to run Ani's movies. The programs grows

very lar-o as the frames of the scenes are generated and stored as actors. For

exclimple, after mciking the introduction scene of the Cinderella film at 4 frames per

second it was over I 96K.

The source programs (admittedly a crude measure of size) involved in the,

making nd projection of the Cinderella film total 125 IK blocks.

(ii) 32 blocks are for the basic part of irector.

(1)) 4 are to support the graphical and animation capabilities of
Director ts does not include the 47 blocks of source code that
swpports the TV turtle [Goldstein 975]),

(c) 4 a r e for the efficient compilation of actors and message
transmissions into Lisp.

(o) 66 blocks care for AN herself.

(e) 1 5 (of which 6 are also part of AN) are need to extend Director
to run Ani's films.
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Time nd Nlemoj-v StatistICS

For communication between the different passes while making the Cinderella

film the first pass of Ani wrote a 3 block long file to the second pss. The

second ps wrote five files totaling 28.5 blocks of programs for Director to

run. Director wrote 29 blocks to describe the films in Lisp for the Lis 

compiled, to compile, (Director does display the movie, however, a great speed

up results from the compilation of the movies and their being run as compiled

Li p.)

Not only are the programs large but they take a while to run. All the Lisp

progr.ams are compiled as is most of the Director code but efficiency of the

system hd a low priority in this research.1 Ani 'is a prototype system intended

only to demonstrate the feasibility of the embodied concepts and could be much

more efficient, Nonetheless it is interesting to see how much time was taken

and where. The first pass took over 7 cpu minutes to compute the dynamics of

tire four characters in the film. This involved 54 decisions for the relative

VaIL10S of the dynamic elements and 48 for absolute values. Over 300 actors

were involved in te process. The results of this pass are communicated to the

next pss by writing a file in 30 cpu seconds. The second pass took about 25

cpu minutes to determine te activities of the characters and about 2 cpu

minutes to write the files to communicate this to Director. Director took 9

i. Most of the Dffectol, code is translated into Lisp with most of the message passing overhead
con)JAPd out.
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Time and Memory Statistics

minutes to execute te program written by Ani. This included the smulation of

the characters, checking for collisions, and moving characters 'in a complicated

manner in accordance with their dynamics. It then took 9 cpu minutes to display

the frames and to compile the movie into Lisp code. The Lisp compiler then

took about 45 minutes to compile the movie. To pro'ect the compiled movie of

over 400 frames took 3 cpu minutes.

All together a complete run of Ani takes about 48 cpu mnutes. Another

20 minutes is consumed by Ani writing out files describing and justifying the

choices made, When debugging the system 'it typically runs about half speed in

order to catch and localize bugs. Combine this state of affairs with a

time-shared computer that depending upon the load multiplies the compute time

by a factor of LIP to or 6 times (larger factors occur but I don't run Ani then)

and the fact that three 'obs each about 200K are needed. Machine limitations

of tis kind ave prevented Ani from being tested much on variations of the

Cinderella film and from being easily extended to do more. A L machine

([Bawden 1977] and [Weinreb 1979]) might cut the cpu time down by a factor

of 2 or 3 (partly because the whole system could reside in memory at once

obviating the need for writing long files to communicate) and the elapsed time

by a factor of 10 partially because it is a single-user machine). AN could be

optimized to run at least twice as fast. Research along the lines of Ani could

proceed on such a machine since it would take it ess than ten minutes to make

a simple movie---ten minutes to make a movie that would take an animator a
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f e w Fi y s.

Another machine limitation that hindered this research is that only crude

previews of the movies can be seen prior to putting it on film. Much of the

Cinderella movie, despite its simplicity, cannot be projected faster than 3 or 4

frames per second and even then the timing is thrown off by the garbage

collector and the time sharing system. As a result it was difficult to fne tune

Ani's display kowledge. An implementor needs vsual feedback, for example, to

decide how uch faster one character should be than another during a chase or

how long it hould take for a character to turn around. The crudeness of Ani's

diqpI<.)y methods affects the ease with which a vewer can perceive the intended

activities and thereby the quality of the films. This problem would alleviated by

tire proper ardware (either a fast enough single-user computer or else a means

of storing each frame as video and playing it back).
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Appendix IV - Descriptors as They Look in Ani

This appendixpresents a sample of the different descriptors as they are defined 'in

Ani. The details (SLIch as wat the back-quote ""' mean) are not important, the

descriptors are presented mainly for those curious about what they really look.

What is of interest is that they are all actors with their own databases and are

capable of answering a variety of questions and requests.

(PROCESS SUGGFSTIONS whose sugZ-estions follow
(FOR SPEED LOW STRENGTH LOW) weikly sug_gests low simed
(FOR ATTRACTION-TOWARDS-ENEMIES (NEGATIVE MEDIUM) STRENGTH HIGH)

stron-1,11 su-,ests i*,oidance of enemles
(FOR ATTRACTION-TOWARDS-STRANGERS (NEGATIVE HIGH) STRENGTH HIGH)

sti-ongly Suggests sti-ong tendency to avoid strangers
(FOR ATTRACTION-TOWARDS-FRIENDS (POSITIVE LOW) STRENGTH LOW)

weakly sti-gest a slight attraction towards friendsE &
(FOR (ESTABLISH ?character shy)

; one ethod for etablishing a character as shy is

(METHOD TYPE CONVEY to convey that

VALUE (BIND ((other
some other character who is a stranger

(CHARACTER-THAT-SATISFIES
(stranger-of character NIL))))

(avoids character 'other)))
i aoided by the character

STRENGTH /MEDIUM) this is moderately strongly suggested

(ADD brazen TO

YOUR LIST OF OPPOSITES) the opl)osite of shy is brazen

(ADD forward TO YOUR LIST OF

OPPOSITES)) -Had forward
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Descriptors as Tey Look in Ani

PEFTNE htes AFFECTlOt4-RELATIONSHIP-DESCRIPTOR

liitps is -i 0n,,-atlve) affection relatioll
(PROCESS SUGGESTIONS it Suggests that

(FOR ESTABLISH ates ?character ?other-character))

; ; to eablish that a character hates aother

(OR ; ; ether of the following sugge5tions are appropriate

'(ME T40D : TYPE CONVEY convey that

VALUE (avoids character other-character)

; te character avoids the other

BEST-WHEN ((NOT (dominates character

other-charac-ter))))
this is best wheat the character doesn't dominate h other

STRENGTH 'MEDIUM and is moderately stjgKested
(METHOD TYPE CONVEY -mother thing to convey would be that

VALUE (hurts character other-character)

- the character hurts the other and

BEST-WHEN ((dominates character other-character)))

and this is best when the character dominates the other

STRENGTH HIGH ;; this is stroi)gly sggested

'(METH00: TYPE CONVEY or convey that

VALUE (pushes character other-character)

that t character pushes the other

BEST-WHEN (ominates character other-character)))

,-; which is best when the character dominates the other

STRENGTH /LOW))) this is oy weakly sug ested9
(ADD loves TO YOUR LIST OF OPPOSITES) ;; love and hate are opposites

(ADD despises TO YOUR LIST OF NEIGHBORS)) ;; despises is similar to hates
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(DEFINE var-iety level GLOBAL-DESCRIPTOR

; ; thr varlotv level Is g-lobal film dcriptor

(DO WHFN RHEIVING (Y TELD SUGGESTIONS FOR ?choice-point)

; ; hich hen sked for suggestions

(LET ((elernent-name (ASK choice-point RECALL YOUR ELEMENT-NAME)))

;; pac4? te nme of the element in questio i the variable element 1anle

(I-ET ((Possible-values

(ASK element-name RECALL YOUR POSSIBLE-VALUESM

find o from that element-name what are the permissible vues

(AND possible-values if there are any then

pick a value based on the desired eve) of variety. the lment's

possi values, nd the previously chosen values for the element

'(SUGGESTION: ELEMENT (ASK choice-point

RECALL YOUR ELEMENT)

VALUE PICK-VALUE-WITH-VARIETY

(ASK :SELF RECALL YOUR LEVEL)

possible-values

element-name)

STRENGTH LOW this is oly weakly sated

SOURCE , :SELF) the source is legally atl

instance of this actor
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D[FTNE rneets oves n)eeting is a secial cse of moving

(ADD PFREQUISITE FOR (meets ? ?b) (on-stage b)

011(' of h pel-equisites fol. neetin sonieone is that they be on stage

(ADD PREREQUISITE FOR (meets ?a ?b)

(prerequisites-of (moves a (vicinity-of b))

another pi-errquisite is that one n niove close to te other

(DO WHEN RECEIVING (YIELD YOUR FIRST PART OF (meets ?a ?b))

when Visited about what is the first prt of meeting someone reply

'0-lET110D: TYPE DISPLAY ;; the dsphiyin of

VALUE (move-small-part-towards a (vicinity-of b))

;; the character movin a Smal prt of the way to the other

(00 HEN RECEIVING

(YTELD SUGGESTIONS FOR (and ?task (convey (meets ?who, ?other))))

; when nsked how to cnvey that someone nieet aother

'((SUGGESTION: ELEMENT task suggest that one

VALUE METHOD: TYPE DISPLAY

display the character oving to the other

VALUE (move-to who, (vicinity-of other)))

STRENGTH HIGH ;; this is highly suggested

SOURCE meets))))) 
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Descriptors as They Look n A m

(DUTNF ood PFRSOtJAI-ITY-C�iARACTER-DESCRIPTOR
School do"cribcS I Character's personality

(PROCESS SUGGFSTIONS ;; nd su,,�,-?ests the following
(FOR (ESTABLISH ?character good) ,, to establish that a character is good

(OR try either
'(METHOD: TYPE CONVEY conveying that

VALUE (BIND
(other some other who

(CHARACTER-THAT-SATISFIES
is not the same character ad
is preferably weak ad good

(IS-NOT character
(IS-DESCRIBED-AS (weak good))))))

is helped by the character
who e are rg to stablish as good

(helps character "',other)))
STRENGTH 'HIGH this is strongly sggested
'(METHOD: TYPE CONVEY ; o else convey that

VALUE (BIND ad-thing
(EVENT-THAT-SATISFIES some event
(is-considered-bad-by character)))
, consiidered bad by the character

(prevents character 'bad-thing))))
; ; is revented by that character

STRENGTH /HIGH) this too is strongly suggested

The second suggested method has a bug 'in 'it as pointed out by Jon Doyie. The

event ShOUld be considered bad by more then the character involved. Even evil

people try to prevent events they think bad (for them).
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Appendix V - Representation of Suggestions

This appendix presents a few examples of suggestions as they are represented

within Ani. The three major types presented are suggestions for absolute values,

suggestions for relative values, and suggestions for methods or activities.

The format of a suggestion is

(SUGGESTION: ELEMENT <element-description>
VALUE <value-description>
STRENGTH <High, Medium, or Low>
SOURCE <pointers back to the originators of the suggestion>)

Examples of t tree major types of suggestions follow.

A suggestion for the value of an atomic element is

(S(IGGFSTTON:
ELEMENT speed This Suggestion is for the typical speed

It is for the stepmother because this is located i her database
VALUE hicih
STRFNGTH mdiurn ;; this is the average strength of the suggestions front ech source
SOURCE (and ;; nd is comp;itible with the sggestions of the following

(relative-choice-point-of (stepmother inderella) relative-speed)
; 0 relItille SPep�d of Cinderella and her stepmother (defined below)
(relative-choice-point-of (stepmother fairy-godmother) relative-speed)
strong ;; and trong" a character descriptor
(energy level) and "energy level', a film descriptor
(variety level)
(flashiness level)))
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Representation of Suggestions

A SLlg-,-,cstion for a relative value is

(SUGGEST TO N:

EMIENT (relative-speed inderella stepmother)

VAIA11' lpss-than ;; This SU"I"'I"Ists tha Cderella be slower than the sepmother

STRFNGTH medium

SOURCE and ;; nd is compatible with the suggestions of the following

dominates

(UNTQUENESS-SUMMARY: UNIQUENESS-LEVEL high

DESCRIPTOR-TYPE all

OF-WHO inderella)

the 11liqueness of Cinderella (also helped sggest this

, . i Owl. 111liqueiiess sunimaries helped sggest this also
(UNMIENESS-SUMMARY: UNIQUENESS-LEVEL high

DESCRIPTOR-TYPE all
OF-WHO stepmother)

a d te tiiiiqueness of the stepniother
(UNIQUFNESS-SUMMARY: UNIQUENESS-LEVEL high

DESCRIPTOR-TYPE personality
OF-WHO stepmother)

(COMPARTSON-SUMMARY: SIMILARITY-LEVEL (negative medium)
. . thev were found to be rather different
DESCRIPTOR-TYPE all
OF-WHO (comparison-of inderella stepmother))

the coii)l),,iii,�ok of the two contributed to this suggestion
) ) ; ; other comparison suniniaries helped suggest this
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Per-esr-lit'-ItIon of Sliggestions

A tPiCal SLIggestion for what to do to establish or convey something is the

following for conveying someone is preventing another from meeting a third by

removing the econd one's ability to move near the other.

(SUGG[STION:

ELEMFNT ( in-order-to (convey (prevents stepmother

(meets inderella princeM

thi a sZ 'on fr how to convey that the stepmother prevents

CAnderella from meeting the Prince by conveying that

(convey (undoes stepmother

(can-move inderella

(vicinity-of prince)M)

the stepmother mke Cderella unable to move towards the Prince,

VALUE METHOD:

the prerequisites for this method are

PREREQUISITES ((can-get-to

stepmother

(away-from (vicinity-of inderella)

(vicinity-of prince)))

that the sepmother can get between Cinderella ad the Prifice

(faster stepmother

c i ndere I I a and she is f aster then Cinderella

BEST-WHEN ((dominates stepmother best to use this when the

Cinderella)) ;; stepmother dominates Cinderella

TYPE d i sp I ay this Is a display type of method

VALUE (stands-guard

stepmother -, the sggested method is that the sepmother

Cinderella stand gard over Cinderella by keeping her

(away-from (vicinity-of cinderel la) away from the prince

(vicinity-of prince))))

STRENGTH high this is strongly Suggested

SOURCE undoes) by the Undoes actor
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Appendix VI - Some Code Written by Ani

The following is one small sample of the program that Ani wrote to make the

Cinderella film. A few inconsequential parts were removed but otherwise the

following is exactly as it was written by Ani and read by Director. The

capitalization of Director constants and the comments were added.

(DEFINE (subscene-of kept-apart 1) director-subscene

; ; ts is the fst subscene of the kept part cne

(SET YOUR scene TO kept-apart ; ; is part of the kept apart scene

(SET YOUR stretched-by TO I ) did not happen to be stretched or shrunk at all

S E T YO U R t r a n s i t i o n - typ e TO c u ta f ni cut is called f or here

S E T YOUR I oca t i on -of c i ndere I I aTO

; Cinderella hld trt ot at tile following location

I ce : here screen -pos i t i on upper f ar-r i ght)

the upper prt of the far rght part of the screen

vary (so that (move-small-part-towards inderella prince))

;; this Wa hn so that Cinderella and the Prince were far apart

status (placed by (subscene-of kept-apart 1))))

(SET YOUR (location-of prince) TO

;; te Prince is n this cene though far away from Cinderella

(place: where (good-distance-from (vicinity-of inderella))

why (so that (move-small-part-towards inderella prince))

status (placed by (subscene-of kept-apart 1))))
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(SET YR ( location-of fairy-godmother) TO
(place: where nowhere falry-godmother is not o stage

why ct because

because a cut was calied for because Cinderella
and the Prince were left too close to each other
b h 1TVIOL1; -Scene

(known-to-be-distance
(distance-between (vicinity-of inderella)

(vicinity-of prince)
(subscene-of kept-apart 1))

small))
status undone))

(SET YR (location-of stepmother) TO
(place: where nowhere the stuation with the stepmother is the same

why (cut because
(known-to-be-distance
(distance-between (vicinity-of inderella)

(vicinity-of prince)
(subscene-of kept-apart 1))

small))
S ta tL S Undone 

(SET YOUR plans TO ((activity-of moving-small-part-towards 1)))
this Is the onl�, ctivity, planned foi- this subscene and is defined below
If more hn one Is planned then their ordering Would have been gen

(SET YOUR running-time TO 153)) ;; estimated to take about a second nd half
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(PH-1W (activity-of roving-small-part-towards 1) plan
t i 4, 1 r�t only) p1mined -activity of this type in this scelle

S E TY01,.JR begin-time TO 0.0) and it hould begin right away

SET Y01 IR subscone TO ( subscene-of kept-apart I is part of the f 1-st Sisse

S E TYOUR pns TO

((seqtj(,nc(,: do te followM0 sP by sep

(ASK cindet-olla SET YOUR special-dynamics TO

provide Cindcrrila with her dynamics secial to this activity

1(special-dynamics-of inderella in (subscene-of kept-apart 1)-261)

(ASK cinderella INITIALIZE YOUR CURVATURE-SIGN

',File will not ove n a saight line but wiggle back and forth.

This declares the wv that se Will iggle first

TOWARDS (small-way-from (vicinity-of inderella)

(vicinity-of prince)))

(ASK (activity-of moving-small-part-towards 1)

CAI-ISE inderella) TO GRADUALLY GO IN ARC

�,-radtjalk, make Cinderella face ords nd hen move,

careful OF COLLISIONS TO ;; avoiding ally collisions to

(small-wiiy-from (vicinity-of inderella) ; a place a m way from

(vicinity-of prince)) ;; Cinderella towards the PrIlice

AS moving-target ;; nd if he moves keep updating your destination

STOPPTNG TF

'STop after cvering the current distallce to the goal

In h case. it is the same s when goal is reached

(move-only-original-distance (subscene-of kept-apart 1)))))))
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UF IN11 ( sp(,c i I dynami cs-of c i ndere I I a i n (subscene-of kept-apar t I
special-dynamics

thr dcf,-Iult !'-11111cs of Cilider,61a in this segnient of the cen re
S E, T YOUR path-jaggedness TO medium) move n moderately agged pth

C5ET )OUR path-curvature TO low) with little curvature
(SFT YOUR pth- length TO mediu in) and each curve should be moderately onz
(5FT YO I R del iberateness TO high) moving vry deliberately

F I YO i I R r o t v o n es s TO n e d i LIM) laid somewhat repetitively
SFT YO I I accelet-ation TO high) quickly getting- up to speed

(SFT YO U i-hytho0c-le\/el TO high) in a highly rhythmic mnner
SEJ YO U R iictivity-level TO high) and very active in general

(SET YOUR speed TO high)) and at a high pd

OFFTN I special-dynamics-of cinderella in (subscene-of kept-apart 1) )-261
this J� V:11ric 1110difications to Cinderella's dynamics in the first SUbscene ire kept

(special-dynarnics-of inderella in (subscene-of kept-apart 1))
and it nherlt� the dfaults from the subscene's dynarnics of Cinderella aove

(SF1 YOUR (spfed fctor) TO 20)) muitiply her peed by 20
it trns ot tin wm; te nly modification to her norma) dynamics

A few of te details require explanation. Most of the values are still

symbolic and yet Director needs numeric values for parameters such as the speed,

location, --end pth length. These symbols are translated into numbers but by an

interface threat is loaded into both Ani and Director. The translation of expressions

such a's "upper far right", "small way from the vicinity of Cinderella in the direction

of the Prince" and "high acceleration" into numerical values 'in done in manner that is

sensitive to dimensions of the display and parameters for the normal amount of time

to cross te display or to turn around completely. This is described in greater

detaii in Appendix 11. "The Running of the Cinderella Fm" on page 250.
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Some of te information presented above is not strictly necessary for making

tire film. It would ave been used if Ani were able to redo a scene after running it.

For example, he running time estimate could be used to redo the scene if it took

much more or less time than estimated. Similarly the reason for the cut is recorded

<so tat if sorne other change causes the Prince and Cinderella to start off more than

a small distance apart the cut will not happen.

Currently, te deliberateness, repetiveness, rhythmic-level, activity-level,

-and acceleration are not used by the extended version of Director that r 'ns thIs

code. All but the acceleration and deliberateness, however, are used in making

choices.
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Knouded ia�ramgeable D Ma ker

Appendix V1 - A Knowledgeable Diagram Maker

A simple example that 'illustrates the knowledge-oriented approach to computer

graphics is a diagram making program called DIAGRAMER that produced many of the

diagrams in this report. To Director one can describe text, boxes, arrows, labels

and so on and it will display them.1 The difficulty with this way of making diagrams

is that one mucs-t describe so much detail --- the coordinates, the dimensions, and

qhapes of the each parts. Descriptions at such a low-level are difficult to debug

and modify because they are long, do not fit a user's way of conceiving of the

problem, and because the data is very 'Interdependent (e.g. if a box moves so

should te arrows pointing to 'it). The inconvenience of this can be alleviated by a

good interactive rphical interface 'in which one 'ust points to where objectsJ

should go by moving a mouse or pen connected to a digital tablet.2 A graphical
i
Interface combined with some means of constraining what 'is to be connected to

I. Director is the computer graphics language that both Ani and DIAGRANIER are written n It is
described n Kahn 1976b) nd Kahn 1978b].

The�e re aniong the any devices which could be used that communicate the movements of oe's
[laid to the on)J)Uter.
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A Kowledgeable Diagram Mker

w h a t i sa very good means of producing and modifying diagrams-3 A very early

example of a system with these capabilities is Sketchpad [Sutherland 1963]. The

state of the iart of such systems is probably Borning's Thinglab [Borning 979].

One still as to declare many constraints to the computer and give more

command tan one would like. For example, suppose one wants a box with some

text with in it. Why can't one just say that to a computer and let it determine

what size character font to use, where to place the box, how bg the box should be,

where te text sould be within the box, and so on". The idea behind DIAGRAMER

is tat as long as ny of the computer's "decisions" can be overridden, the machine

$11OUld do this. DIAGRAMER is designed to let one describe to a computer what one

0*N, wants in te diagram. Sketchpad and ts descendants enables one to graphically

indicate what the diagram should look like and to describe how it should be

constrained.

Certain odifications r difficult to communicate graphically either because they r global
chanwes changing the dimensions for the etire diagram) or because the change necessitates the
chance of other prts that epend upon the prt being changed. Describing these relationships nd
constraint i pos�Oble bt if such constraints are given to a sufficiently itelligent system hen one ead
[lot de�crl 'be it gaphically at all. Another limitation of graphically controlled systems of this sort is that
the cnnot be ued by oher programs. Diagrams are n excellent medium for communication: AIiy
shotild not a pro,-,rin) ise dagrams to explain itself?
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Figure A box drawn by DIAGRAMER
Suppose we want another box on the screen that says, "Director". The problem is

1. Defaults are uch a imPle form of kowledge that I hesitate to use that word for them.

I

II

i

-.;%I

4

I

I
ii
i
I

II
i
I
I
L- - -- -

A Kilowlfdgeable Diagram ?via k r

The simplest form of "knowledge" that DAGRAMER needs to contain are

default values.1 Unless a user indicates otherwise, DIAGRAMER uses its default

font, for example. One could have default dimensions for a box, but the default

would seldom be acceptable since it can contain any amount of text. What is

needed is a procedural default for the dimensions that takes into account the

amount of text and the size of the font. DIAGRAMER has these and so to define a

box we only type te following.

DEF 14E an i box This states that Ani" is the name and text of a box to be disylaved

ANI
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A Knowledgeable Diagram Maker

that te dfault position is the same as the "Ani" box and they will be drawn on top

of each other, Clearly DIAGRAMER should be able to place them better and indeed

it can. DIAGRAMER is always working on a default diagram and as we type

(P EF IN di r ector box) ; ; miake a nother box -ind call it 'director'

a new box named "Director" is added to the default diagram. DAGRAMER has a

few experts for different numbers of boxes in a diagram and as this box is added it

switches fom te "one box expert" to the "two box expert". This expert places

the boxes according to whether the drawing area 'is horizontal or vertical as

follows. -

Figure 2 Two boxes drawn in a horizontal space
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Figure 3 Two boxes drawn n a vertical space
This expert is also responsible for deciding which box goes where. In this situation

it puts the larger box on top (if the diagram is primarily vertical) or to the left (if it

is orizontal),

Boxes alone do not make very nformative diagrams. "Links" are needed and

are added as follows

(LINK ani written inj director)
create a lk front ani to dector labeled 'written inn

Page 281

F 



A Knowledgeable Diagram Maker

ANI writ-telli'll --I- DIRECTOR

i
iI

I i

Figure 4 Two boxes and one link
Notice tat he "ani to and "director" boxes have changed places. This is because the

"two box" expert puts the box with the most lnks coming out of it in 'Its favored

position (left or top depending upon the diagram dimensions). Many decisions had to

be mde to add tis lnk. They are so obvious that most people do not notice them.

For example, DIAGRAMER picked the center of the right side of the "ani" box and

the center of the left side of the "director" box for the beginning and end of the

arrow, It placed the text horizontally in the center of the arrow. It used a smaller

font for te text on the label and so on. Notice how the diagram changes f a user

changes its dimensions to make it vertical.
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Figure Two boxes and one link in a vertical diagram
Let us add another link from "ani" to "director" to llustrate how DAGRAMER

automatically rearranges the existing diagram.

(LINK ani 1rograms inj director)
defille 1110ther link mid label it with 'programs in'
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'tten illANI �� w' DIRECTORprogrilins Ill

Figure Two boxes and two links 'in a horizontal diagram
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Figure 7 Two boxes and two links in a vertical diagram
Notice te difference between these two dagrams. And yet they differ only by the

dimensions of the space. In the vertical one DIAGRAMER puts the labels at

one-third and two-thirds of the distance between the boxes so that they do not

conflict. This is not necessary for the horizontal one so that default of placing the

label in te center holds. Notice too that the first link moved over to make room

for the second link,

*-W- 111-11. � - -
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The complexity increases as we move to more boxes and more nks. This is

well ustrated by te "four box" expert. Let us create two more boxes and a few

more links as follows.

I ink director josed forl lComputer Animationj
; ; cre-ve n rom "chrector" to nw box with 'Computer Animation ll it
I i n k ( r oc tor I sed f or I I Educat i on I 
; ; cromp link fron) director' to a new box labeled with 'Education"
1 ink ani Imakesl lComputer Animationj mak aother link from ani'

After a sort while DIAGRAMER draws the following.

--II

ftoo*llllll�

I

Used for -- - -> Education
I

used for

programs it

ANI --- makes Computer Animatiollj
I

Figure A Finished Diagram by DIAGRAMER
The "four box" expert tries to put the box with the most links (the "director" box

in tis case) in the upper left and those boxes with many links to or from it as near

as possible (which is why the "ani" box 'is in the lower left). Notice that

DIAGRAMER's heuristic for where to link the arrow could have done a better job in
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the link between "director" and "computer animation". It would look nicer if it

went to te top of the "computer animation" box. Also there is much empty space

between the 11 education" and the "computer animation" box which need not be

there, These kinds of problems point not to any fundamental problem with a

knowledge-oriented diagram maker, only much more work on DIAGRAMER needs to

be done.

Until DiAGRAMER can perform better, a way for it to accept user commands

or advice is essential. Te boxes are extensions of Director "performers" which'

are generalizations of Logo turtles [Goldstein 19751. They can be told to turn, go

forwnrd or bck, or move to some coordinates, Boxes can be moved by the ntant

Turtle to mode in Director which responds instantly to single key-strokes which is

very convenient if graphical input devices such as a mouse or tablet are lacking.

Just moving te boxes is not enough since DIAGRAMER must be able to draw tile

modified diagram. For example, to fill the empty space above the "computer

animation" box, we can type the following.

(ASK lComptiter Animationi MOVE UP 300)

This results in the following diagram.
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Figure 9 DIAGRAMER redrawing a diagram after user modification
Note tat te arrows were changed in accord wth the move. Thi's i's a consequence

of the fact tat te actors involved know upon who else-they depend. Lnks know

which boxes they link and boxes know which links come and go from 'It. This way

a- a box is moved the links can be automatically updated.

Higher-level modifications are also possible such as exchanging two boxes as

follows.

(ASK an i TRADE PLACES WITH i Computer Animation I they take each other's location
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Figure 10 The diagram after two boxes are switched
Notice how te "director" and "ani" boxes have been enlarged automatically to

create more room for all the arrows coming 'in or out of their sides.

I ope that te style of programming graphics in a "knowledge-oriented"

manne_r hs been illustrated by DIAGRAMER. DIAGRAMER needs to be extended to

be generally ueful. It can detect and fix links that cross each oher. It notices

(and corrects) boxes that are too close to each other only 'in the case where there

is not enough room for the text on the arrow linking them, 'For larger dagrams with

many boxes tre needs to be a way to group boxes together, place 'the boxes

within a group, place the groups and then fix up any conflicts. Shapes other than

rectangles sould be available and DIAGRAMER would need to know how to place

and link tem. DIAGRAMER should try to fill space more evenly (currently it does

for boxes but not links). These deficiencies are not fundamental, with some more
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effort they could all be remedied.1 DIAGRAMER i's very convenient to use because

a uer communicates with it at a much higher-level than is normal. This is the

result of placing a sall amount of relevant knowledge into the computer,

DIAGRAMER is currently being completely redesigned to work in a manner

nILICh more like Ani. Suggestions for where to place boxes, how big they should be,

which fonts hould be used, and the like will be generated, combined and followed.

Difficult choices will be postponed and the ordering of decisions will be guided by a

focus. This redesign will be described in a later document.

I. DIAGPANIER relnesents about 1% as much effort to build as Ani and about 4 as much code.
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An Essav n Art nd Ani

Appendix V111 - An Essay on Art and Ani

In av event, if computers do get good at artistic craftsmanship, there
may be some question about wherein the art lies. If a person writes a

,von-ri--7m c,,-7pable of 10,000 string quartets a day, do those quartets
constitute the art? Probably not. Oddly, but inevitably, the art will be
in te program.

-Patrick Winston [Winston 9771 p. 254

This appendix deals with the implications of a successful extension of Ani.

SUPPOse -call the technical difficulties have been resolved and the system has

demonstrated its ability to produce a variety of excellent films in a versatile

manner. Suppose it has passed a limited variation of Turing's famous test. of

mechanical intelligence. When the films are shown to experts and critics who know

not how they were made, they agree the fms are as good as those made by human

animators.

I shall discuss what the existence of such a system would suggest or imply

about questions in aesthetics, Particular attention will be placed upon theories of

art as expressional Readers who strongly doubt that Ani could ever be extended

I. The xpression theory of rt is ust one among many theories of art. Essays like this one bout the
formallst theory of rt. the imitation theory ad others would presumably also be orthwhile.
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,Sufficiently to page, this limited version of the Turing test should try to put aside

their prejudices and see if this discussion might shed some light upon theme

questions. The dvantage of considering these questions with respect to intelligent

McKhines is that we know how they work and reason to a much greater extent than

wine hunian artists,

Section A Expression Theory

Several theories of art require that the works of art express something' of the

feelings, et-notions, ideas, thoughts, attitudes, viewpoints and preferences of the

artist.1 These feelings are communicated from the artist to the vewer via the work

of art. The different variations of this view are about the relationships between

the feelings and te artist, the work of art, and the viewer. Before I discuss the

applicability of this view of art to works of art produced by intelligent machines, we

need to determine what the work of art is, who the artist is, and whose feelings are

involved.

I. In the interests of i-evity I wl use the trm feelings' to cover the entire list of aspects that re
expressed air works of rt.
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Is It Art?

The ques-tion of whether the products of the system are entitled to be called "Art"

is two questions combined.- What is Art? and Does the product match the definition

of art? If one takes te point of view of a sociologist that art is that which society

considers rt, then under the assumption of this essay that experts could not

distinguish te system"s films from those of human artists (using the computer as a

medium, just as the system does) then the system produces art. The question of

whether it is art if art necessarily entails the expression of human emotions and

feelings will be discussed later.

Who is the Artist?
Assurnincy for tile moment the question of whether the product of the s stem is art

0 y

is settled, a rather difficult question arises --- who is the artist? Typically the

person who makes the work of art is the artist of that work. Interpreting the word

person" s broadly, the computer system itself should be considered the artist.

There are many cases of works of art, however, that were not made by the

artist. Some contemporary sculptors design a work of art and then have workers 'in

a factory construct 'It. One. usually credits these sculptors with creating the work of

art even if they never touched it. No one seriously would call the factory workers

that made the object the artists. Architects often operate n this fashion, however,
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in tis cse it is perhaps better to consider the design as the work of art and not

the building itself. This reasoning, however, leads one to consider the plan for a

painting to be te art object not the painting especially when it was not painted by

the artist.)

Analogous to the situation with tese sculptors and architects, one might

argUe tat it is te person who presents the script to the machine that should be

called the artist and te machine is simply the most complex tool ever used by an

artist. Consider, however, the film description for the Cinderella film, The

conversion of te fairy tale into a script is fairly straight forward and probably

could be done by anyone with some understanding of the computer system Of

course, lie or he might, instead of borrowing from a fairy tale, conceive of a

wonderful cript, ideally suited for the medium, but would not such a case be better

described as a collaboration between a human script writer and a computer

animator with both considered the artists?

It may be a confusion to consider either the computer system or the script

provider as the artists of the products of the system. The artist may be the person

that provided te computer with the rules and knowledge that enabled it to,

produce te film. The programmer of a computer film is normally considered the

artist, why should this case be different? The distinguishing metric is the extent to

which the program makes intelligent decisions and choices. At one extreme the

program might contain instructions on how to make a hundred excellent fms and 'it
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simply picks te one closest to he script, Here we would want to credit the

programmer that put tose one hundred films into the computer. At the other

extreme, no one wants to call the teacher of the maker of a work of art the artist

of tat rt object. The system under discussion ies somewhere between these

two extremes,

If one were determined to gve credit to the creator of the system one might

take the point of view tat the computer system itself 'is a work of art. Its

prograrnmer is the artist, not of the films, but of the intelligent work of art that

produces more conventional works of art, This view is more sensible than it might

appear at first if one considers whose feelings, emotions, and attitudes are

expresnsed by te system. The films are not what should be displayed in art

museums nd galleries but the computer itself, The computer system which

of viewers to present scripts and see the resulting films is the work of art. The

person who placed his or her aesthetic knowledge and feelings into the machine is

the artist.

In summary, the ascription of the term "artist" depends upon which aspect of

the creative act is primary. If one considers the artist of a work of art to be the

agent that trough an intensional act is the one who 'is primarily responsible for

existence of that work of art, then the script giver is the artist. If one accredits

the intelligence that makes the majority of 'Important aesthetic choices (such as

which colors, forms, rhythms, textures, and harmonies are used) as the artist, then
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the computer sy�-tem is the artist, If one equates the artist with the source of the

feelings, eotions, attitudes and preferences expressed in the work of art, then the

programmer of te computer system is the artist.

This question arises less in the case of human artists since typically they

perform all tree functions. Collaborative or group efforts are often difficult to

analyze in these terms because of the complexity of the divisions of labor. It is

only in te cse of computer intelligence that these functions can break 'Into parts

so smoothly.

What is the Art Object?

The common view is that the films produced by the computer system are the art

objects. A strong contender for that privilege is the fully expanded description of a

film in terms of primitive commands to a computer display. Given the film

description nd a description of the primitives of the dsplay, any sufficiently large

and fast computer connected to an appropriate display can produce the fm. The

description i analogous to the celluloid of a standard film which can be projected

by any compatible movie pro'ector, The description can be projected upon a

display by any compatible computer stem.
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BLA if We accept this reasoning for considering the description as the work of

art (along wit te necessary hardware to "project" it) then why not state that the

original film description and intelligent computer animating system 'in combination are

tire work of art since any reasonable computer can take the two and produce and

display the "film"". Ignoring te question of the determinism and motivation of human

artists, tis is equivalent to saying that a work of art is the sum of ideas, an artist,

and a means of realizing the ideas. This may seem strange until one reflects that

this is a very reasonable view of the art object in the case of the performing arts,

A play, for example, is the sum of a script, actors, and a means of performing it.

This computational view of the nature of art objects provides some insight

into questions of uniqueness, originality, reproduction, and forgery. The ability to

make perfect reproductions with absolutely no information loss is a consequence of

tire work of art being represented digitally. Forgery and originality become nearly

mecaninpless concepts when absolutely perfect copies are easily created. This is

sire<ady te case with literature- the computer may extend it to the vsual arts and

musical performance. Replacing these problems are the new problems of dealing

with slight variations of a work of art. Is a it a new work of art even thoug it

differs from another work of art in only one aspect? What is special about this

problem when dealing with a computer is 'Its ability to vary any element or aspect

independently. The color, tempo, viewpoint, or any individual element can be

changed and a new product painlessly results.
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Whose Ernotions and Feelings?

The eotions and eelings expressed by the work of computer art come from te

computer system that made it. The question 'is whether the feelings are the

cor0puteCs or it is just passing them along from either the script writer or te

programmer of the computer. Ts question is related to the previous one of who

is te rtist or creative force that made the work of rt--related but not identical.

It would be perfectly consistent for someone to maintain that the computer program

is the artist that creates the films and yet caim that the feelings and emotions

expressed re not those of the program but of the script giver or the programmer

or oth. The films are the result of a collaboration between the programmer whose

feelinas and attitudes are represented in the program and the script writer whose

feelings are conveyed in his or her script.

It is interesting to speculate how one would answer these questions 'if the

Sy.stem were extended to create its own scripts. To simply say that the

programmer of the system's inner self was being expressed through the films via

the program is inadequate. What 'if the system produced a fm that the

programmer clearly did not intend, that does not accurately express the

programmer's inner self? Would we say that the system was insincere, that there

must be a mistake 'in the program, or that this situation cannot happen?
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What makes this situation interesting is that many people claim that only

when te computer "on its own" makes art should we credit the computer instead

of te uman controlling it. The computer is a deterministic mechanism that follows

tire instructions in a program provided by humans. The instructions might tell it to

learn from its environment, to read several books, but some people still bothered

by te fact tat its learning processes and its reading processes are provided by

the programmer. One might be lead to think 'it impossible for a computer to do

anything "on its own" and therefore it cannot make art. But are humans so

di f f erent? Though intelligent computers wth the complexity and performance

Comparable to umans presently do not exist, let us suppose they could be built.

Then we must either trow out the concept behind the expression "on its own" or

else give it an interpretation in terms of different levels of description.

The same sort of reasoning applies to the question of whether computers will

be cable to feel emotions. If people can do it so can computers. The question of

whether it will be teir feelings and emotions or those of their creator is no

different from the previous question of whether the decisions the computer akes

cre its own or its programmer.

A- LIf tere are no differences, then why talk about computers at all one migm

wonder, One consequence of considering the question from the point of view of

intelligent machines is that 'it suggests that emotions need not be felt 'in order to
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behave in the same manner as one who does feel those emotions.' Consider the

effects of "fee-ling emotions". Decisions are altered, processes are initiated, and

others are inhibited. These effects can be created in a machine whout feeling

those emotions.

Again the dvantage of considering the computer when trying to understand

questions in the expression theory of art 'is that is it easier to unpack concepts that

normially only occur, as a whole. With respect to feelings, we can now sensibly talk

of feeling eotions and the effects of feeling emotions as separate components.

Whether both are necessary to create art is a question worthy of thought, though I

see no reasson why t lie effects of feeling are not sufficient. It is only the effects of

feelings that are perceived by the viewer.

Section Summing Up

What this excursion into the consequences of intelligent art-producing machines has

yielded i the different components of concepts such as artist, work of art, and

feelings. Wen considering single feeling artists producing unreproducible works of

art, one tends to think of these concepts as unitary. This essay has attempted to

1. The question of hether eotions eer need to be felt to Mduce behavior or whether it is the
behavlor Oncluding physiological changes) that create the sensation of feel0ig. William James ws
Concerned about this -tied decided n fvor of the latter.
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show that at least three different senses of artist are usually lumped together, tat

different levels of abstraction are applicable' when considering what is the art

object, and that it is profitable to separate feeling emotions from its effects,
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