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Abstract

This report describes a computer system that creates simple computer animation in
response to high-level, vague, and incomplete descriptions of films. It makes its films by
collecting and evaluating suggestions from several different bodies of knowledge. The
order in which it makes its.choices is influenced by the focus of the film. Difficult
choices are postponed to be resumed when more of the film has been determined. The
system was implemented in" an object-oriented language based upon computational
entities called "actors". The goal behind the construction of the system is that,
whenever faced with-a choice, it should sensibly choose between alternatives based
upon the description of the film and as much general knowledge as possible. The system

is presented as a computational model of creativity and aesthetics.
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A Guide for the Reading of this Report

This report is intended primarily to be read by Al researchers and students.
| hope, 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
might 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 D 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 nice example
of what knowledge-based graphics is all about, then read the first and eighth

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

Chapter | Introduction

This thesis is about the creation of computer animation by a computer system in
response to high-level, vague, and incomplete descriptions of films. The computer
systern is named Ani.! Ahi was tested with a simple version of the story of
Cinderella. The films produced are graphically simple; the essence of the films is
the dynamics of their images. In making the films Ani chooses between several
alternatives by gathering and evaluating many suggestions from different bodies of

knowledge.

Ani is a simple embodiment of the aesthetic principles that the arbitrariness
of any choice 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
demands that the 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.

I. Aniis a nickname animators have for animation.
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Introduction

Many 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, many problem-solving Al programs create solutions to problems
(occasionally even aesthetic solutions) and vision systems create descriptions of
scenes. This research differs from these systems primarily in the way descriptions
are created and constrained. Ani initially is faced with few hard and fast constraints
and spends much of time generating new constraints. In contrast, the products of
most Al systems are 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 programmer is expected to meet precise problem specifications; a story
understanding system is expected to méke 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. These problems appear to be too difficult to tackie currently; Ani

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

Page - 12
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Introduction

Research on this unusual kind of problem lead to some development of Al
techniques and concepts. For example, Ani is built upon the idea of suggestions
which are gathered, combined, elaborated, compared, related, compromised,
rejected, and followed. Ani’s control structure is somewhat unusual because 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 suggestions, Ani considers postponing that choice until more of the film
has been determined. This postponement mechanism depends heavily upon Ani’s
explicit reasoning and recording of justifications. Ani uses a focus, which describes

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

A computational or Al view of many of the classical 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 learn” and many more detailed
questions by considering how intelligent mechanisms might be buiit. This thesis
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 iﬁ 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
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Section A What Ani Does

Animation is an anachronism. It is that rarity - a handmade product in a
mechanized age.

Marc Davig, a directing animator for Disney’s Cinderella [Thomas 1958] page 134

Ani is a 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
producés a detailed film description. This detailed description is a program that is
run by a general purpose computer graphics system called Director [Kahn 1978b].
These programs written by Ani are at the level of detail of most computer graphics
programs.! Ironically, a user can communicate with Ani only at a very high level.
There is currently no mechanism for indicating to Ani how something should move or

where it should be.?

. Examples of such programs are in Appendix VI. "Some Code Written by Ani” on page 272.
2. Because Ani is lacking in an ability to handle appearances. currently one can describe an

appearance only at a low Jevel.

Page - 14




Introduction What Ani Does

Ani was tested on a simplified version of the story of Cinderella. The events
of the story are highly abstracted in keeping with the abstract objected-oriented
dramatic animation that Ani makes. The abstraction frees Ani from needing to know
the enormous number of facts required to animate "real world" detailed events (for
example, those needed to animate Cinderella putting on a glass slipper). Ani 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.'

Cinderella is physically both beautiful and shabby. She is good,
friendly, hard working, and shy. Her stepmother is ugly, mean, selfish,
strong 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
handsome, strong, good, stubborn, and determined. Cinderella and the
Prince love each other.

In the 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

I. The film description. in the format presented to Ani is in Appendix I. "The Cinderella Film
Description” on page 244.

Page - 15
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What Ani Does Introduction

steprother prevents that meeting and then Cinderella becomes very
unhappy while the stepmother becomes happy and proud.! In the next
rather short scene the 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 the Prince are alone, then that Cinderella "gets it on"
with the Prince,? and finally their relationship is established (that they
love each other) and both become very happy. In the last scene the
steprother becomes aware of this and becomes very unhappy.

In addition, the 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.

[. The next scene was a long one where the fairy godmother caused Cinderella’s appearance to be
elegant and then they both become happy. It was removed since Ani does not currently handle
appearances, much less changes in appearances.

2. "Getting it on” is a generic term for communicating. dancing, walking together. etc..
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Introduction  ~ What Ani Does

This is all the information presented to Ani that is special to the Cinderella
film.  The film can be seen by flipping the corners of this report starting in the
upper left, then the lower left, upper right and finally the lower right. Your rate
should ideally be about 4 pages per second.! The appearances of the characters
are not currently determined by Ani. | choose the following shapes and sizes for

them.

Cindercila Stepnither The Prince Fairy Godnwither )

Y,

N | }
T N\ !

Figure 1.1 The Cast of Characters

I. A color version of this film (the colors were chosen by me) that consists of about 4000 frames
(about three minutes) was also produced.
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What Ani Does Introduction

First the stepmother pushes and chases Cinderella around for a while. Then
she hits her several times. The Prince walks near and Cinderella moves over to him
and they walk across the 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 the screen as Cinderella moves towards him only to be continually blocked by
her steprother. The fairy godmother appears and accompanies Cinderella over to
the Prince. The 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 and repeat this several times while the stepmother moves over to
them and turns towards each. These activities and the reason why they happen are

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

Section B 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
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|

incomplete bodies of knowledge.! The extent to which Ani can make a reasonable

film for the Cinderella story depends strongly upon the usefulness of the
descriptions of words such as "shy", "hates”, "varied", or "prevents" for generating
and rnaking 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 mechanisms 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. Ani is limited to very abstract descriptions and
cannot handle very concrete expressions such as "a glass slipper”, "runs down the
stairs", or "a purpkin turns into carriage”. These would require an ability to draw
as well as much more "real world" knowledge. The system is also limited
stylistically to "object-oriented” films that are based upon stories. Ail these
limitations are serious and are discussed at length in Chapter X "Improvements and

Extensions” beginning on page 162.

1. It seems that there is much room for Ani to grow within the current design to accommodate the
knowledgze needed to animate many other stories of the level of complexity of the Cinderella story. |
doubt Ami can grow too large on simply a concept by concept basis. It is very unclear at what point
increasing Ani's repertoire will necessitate much reorganization and rethinking.
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How Ani Makes Films Introduction

Section C How Ani Makes Films

The reasoning Ani performs to produce the Cinderella film is lengthy and depends
upon many different sources of information including the partially completed film
description. The typical dynamics of each character must be determined in order to
give them 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 these choices need to be interwoven to produce a coherent whole that fulfiils

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 the Prince which are in keeping with their personalities,
physical characteristics, and the desired style of the film. The relative speeds of

the characters should, in turn, be in keeping with the relationships and comparisons
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Introduction Choosing a Speed for the Stepmother

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

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

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

for each character. The choice point for the stepmother’s speed, for example,
begins by asking each of the descriptors of the stepmother for suggestions for her
speed. Only the description "strong" replies and suggests a high speed. The choice
point is not happy 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 the 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 the 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 any concrete suggestions since none of the characters
have speeds yetl. 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.
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Choosing a Speed for the Stepmother Introduction

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 grant someone permission to postpone for the same reason twice. A
cornmon exception to this 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 is making
progress so the postponement manager must refuse permission to at least one of

the choice points.

“Ani is built 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 rmany consequences to be determined by something like who asks
first. Instead the 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 means Cinderella’s speed will be based on the description of Cinderella without

being constrained to be faster or slower than the others.
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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
resurned the choice point asks the descriptions of the film’s style for suggestions
and receives them from the moderate 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
suggestions 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 introduced are written in Director, an actor
language implemented by the author. [Kahn 1978b] The fundamental units of
computation are actors. They are described elsewhere (e.g.,A [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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and a pattern-oriented database. The program part of an actor, usually called an
actor’s script, 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 which provides inheritance of variables, database items, and methods.
Consider the following paragraph from the previous section.
Choice points are created to represent the process of picking typical
speecls for each character. The choice point for the stepmother’s
speed, for example, begins by asking each of the descriptors of the
stepmother for suggestions for her speed. Only the description
"strong” replies and suggests a high speed. The choice point is not
happy 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..

What do the sentences above mean? How does a "choice point" ask "each of
the descriptors of the stepmother for suggestions for her speed"? How can one ask

"permission 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 the process of picking typical speeds for each character” means. It

means that some actor in Ani sent to an actor named "absolute-choice-point" the
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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 handlie a
message it  will ask "absolute-choice-point”, its parent, to handle it
"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”, a primitive actor in Director. The piece of the inheritance hierarchy

“involved in this example is depicted below.

1. Director does not distinguish between upper and lower case. In the text that follows Director
primitives are in upper case for expository purposes.
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A Detailed Look at a Small Piece of Ani Introduction

Something

Choice-Point

Absotute-Chnice-Foint Relative-Choice-Point

fchoice-point-of stepmother speed)

Figure 1.2 A Piece of the Inheritance Hierarchy
Some actor wants to know what the stepmother’s speed is so it sends the
new choice point a message asking it for its choice as follows.

QK\SK (choice-point-of stepmother speed) RECALL YOUR choice)

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

I If there was no such method, the general method for messages matching "(recall your ?)" would
have been found in the primitive actor named "Something” instead.
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quite long and complex so what follows is a simplified version for exposition.

method was added to "choice-point"” as follows.!

(ASK choice-point DO WHEN RECEIVING (recall your choice)
;5 I the message “recall your choice™ is sent, then
(COND ((ASK MYSELF RECALL YOUR current-choice))
;3 1 answer with my current choice if 1 have one.
(T ;; Otherwise | either have never tried to make this choice before
;3 or 1 tried before but postponed for some reason.
(LET ((postponement-reasons
(ASK MYSELF RECALL YOUR postponement-reasons)))
;3 So I recall what my reasons for previously postponing were.
(COND ((NULL postponement-reasons)
;3 There are no reasons so I've this is my first try
(ASK MYSELF combine suggestions
;3 1 combine the suggestions 1 get by
1, (ASK MYSELF coliect suggestions from
;3 asking myself to collect suggestions from
;3 the first of my suggestion sources
, (FIRST
(ASK MYSELF

The

RECALL YOUR suggestion-sources)))))

(T ;; If I've previously postponed work on my choice
(ASK MYSELF continue to recall your choice
;5 this part is really much more complicated

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

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

I If seeing lots of programs. especially in a strange language, disturbs you. take heart in the fact that

only this section of this chapter has much.
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A Detailed Look at a Small Piece of Ani Introduction

vo First tee of 3 value 18 already chosen and if so it is returned
(ASK (choice-point-of stepmother speed) RECALL YOUR current-choice)
NIL ;5 NIL 1s returned indicating no choice has been made yet

;5 Next cee )f a previous attempt to choose a value temporarily gave up
{ASK (choice-point-of stepmother speed) RECALL YOUR postponement-reasons)
NIL ;; The NIL returned means that this is first time it has been asked for a value.

;5 Now see what the possible sources of suggestions are.
(ask (choice-point-of stepmother speed) recall your suggestion-sources)
i3 The followmg is returned after being found in "absolute-choice point”
((absolute-suggestions ;; These first three sources are grouped together
naighbors-absolute-suggestions ;; indicating that they should be explored together.
opposites-absolute-suggestions)
relative-suggestions
aglobal-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))
v5 When T get a message asking me to collect suggestions from a list of sources
;3 1 gather up the suggestions from the first of the sources
;3 and combine them with those from the rest of the sources
{APPEND
(ASK MYSELF collect suggestions from ,first-suggestion-source)
(ASK MYSELF collect suggestions from ,rest-of-the-sources)))

This method is placed near the end of the list of the methods in "choice-point".
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Before it are methods for actually collecting suggestions from a single source. An
exarmple is the following one for collecting what are called "absolute-suggestions”.

(ASK choice-point
DO WHEN RECEIVING (collect suggestions for absolute-suggestions)
;3 when ] get a message asking for absolute suggestions
(ASK MYSELF
ASK YOUR thing ;; I ask my thing, ie. the object I am making some choice about
;4 to collect suggestions for the element or aspect of my thing that 1 am choosing
collect suggestions for ,(ASK MYSELF RECALL YOUR element)))

This method causes a message to be sent to the "stepmother” asking her to
collect suggestions 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 foliows.
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(ASK character DO WHEN RECEIVING (collect suggestions for ?element)
i3 when et a message asking for suggestions for an aspect of myself
(ASK MYSELF RECALL EACH ITEM MATCHING
;5 then for every item in my database that matches the following pattern
(description type ? ;; any type of descriptor is fine
descriptor ?the-descriptor
;5 call the descriptor "the descrip(or"
source ?) ;; any source

THEN
(ASK ,the-descriptor COLLECT ITEMS MEMORIZED MATCHING

;5 then 1 ask the descriptor to search its database for items
;5 matching the following pattern

(suggestion element ,element
;5 a suggestion whose element is what we are looking for

value ?
strength ?
source ?7))))

We are now at the point corresponding to the second sentence in the
paragfaph which is "The choice point for the stepmother’s speed, for example,
begins by asking each of the descriptors of the stepmother for suggestions for her

speed”. The method above initiates the following transmission
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(ASK stepmother RECALL EACH ITEM MATCHING
(description type ?
descriptor ?the-descriptor
source ?)
THEN
(ASK ,the-descriptor COLLECT ITEMS MEMORIZED MATCHING
(suggestion element speed
value ?
strength ?
sotrce ?7)))

Which in turn generates the following transmissions.

(ASK ugly COLLECT ITEMS MEMORIZED MATCHING ;; ugly is a descriptor of the stepmother
(suggestion element speed
value ?
strength ?
source 7))
NIL ;; "Ugly™ has no suggestions for speed

(ASK mean COLLECT ITEMS MEMORIZED MATCHING
(suggestion element speed
value ?
strength ?
source 7))
NIL ;; Neither does "mean”
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(ASK strong COLLECT ITEMS MEMORIZED MATCHING
{suggestion element speed
value ?
strength ?
source 7))
;o It turns out that only “strong™ has a suggestion. the following one
(suggestion element speed
value high
strength medium
source strong)

(ASK evil COLLECT ITEMS MEMORIZED MATCHING
{(suggestion element speed
value ?
strength ?
source ?))
NTL 55 "Evil™ has no suggestions for speed

(ASK selfish COLLECT ITEMS MEMORIZED MATCHING
(suggestion element speed
value ?
strength ?
source ?))
NIL ;; Neither does "selfish”

Introduction

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

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

This suggestion from "strong" is then returned by the "stepmother” and the

message “(collect suggestions for absolute-suggestions)" previously sent

to

“(choice-point-of stepmother speed)” also returns the suggestion from "strong”.

There are still two other suggestion sources waiting
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Introduction A Detailed Look at a Small Piece of Ani

“neighbors-absolute-suggestions” and "opposites-absolute-suggestions”. They refer
to suggestions from the antonyms and synonyms of the descriptors of the
stepmother. The methods for colliecting these suggestions are similar to the ones

just described. In this case they return no suggestions at all.

The suggestions gathered are then combined with any other suggestions
previously gathered. In this case there is only the one from "strong”, so no conflicts
are looked for, no compromises sought, or problems postponed.! This suggestion
from “strong" is added to the "(choice-point-of stepmother speed). The
"suggestion-sources” of the "(choice-point-of stepmother speed)” 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 choice point is not happy 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." An actor called "postponer”

is then consulted as to what to do.

I. "Combining™ is a complex process that would at least double the length of the section if included. It
is described in Section D "Combining Value Suggestions” on page 95.
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(ASK postponer should (choice-point-of stepmother speed)
postpone with ;; the following suggestions
((suggestion element speed
value high
strength medium
source strong)) ;; and the foilowing number of confiicts
0 conflicts)
i3 The answer from "postponer” to postpone follows.
(postponed not-happy-enough)

"Postponer” compared the suggestion in the message with the "minimally good
sample suggestion” of the "(choice-point-of stepmother speed)” (which it inherited
from "absolute-choice-point" and was set initially by the "focus”). The comparison
in this case indicates that the suggestion from "strong" is not good enough and so

"postponer” says to postpone.

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

(ask (choice-point-of stepmother speed)
add not-happy-enough to your list of postponement-reasons regardiess)

At this point the choice point has altered its internal state so that upon
reawakening 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 message "choose a value". By doing this it has indicated to the actor
that originally asked it for its choice that it has postponed its choice until [ater (and
why). This actor 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

stepmother speed)” will decide.

The explicit form of "co-routining" between choice points has proved to be
very flexible and 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 mechanism can be difficult to control and reason about. The major
disadvantage of the kind of explicit co-routining that goes on in Ani is that any actor
that uses it must have code that decides to postpone, that records some state
information, and inspects such information upon reawakening. The inheritanc- of
methods and 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. | 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 Mechanisms 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 the
exploration of a set of related choices represented as choice points. Each choice
point starts by gathering up suggestions by asking the elements of its "choice" for
suggestions. The choice points evaluate the suggestions .by combining closely
related ones, classifying any conflicts, and noting any ;missing information. The
choice points which run into trouble ask permission to postpone themselves until
more has been decided, while the satisfied ones make their choices based on the
suggestions gathered. Permission to postpone is granted depending upon the
reason for desiring postponement, the 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 the choice point is awakened more information (or constraints) might be
available making the choice easier. If permission to postpone is refused, rore
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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Introduction The Mechanisms Involved

Suggestions are like rules, advice, or hypotheses that are rejected, modified,
combined, and compromised. Suggestions differ from facts in that they typically
conflict among themselves, 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 choice point represents the exploration of a choice. Each choice point
responds to messages asking it to accept suggestions, to combine suggestions, and
to meake choices. A choice point maintains in its database records of the best
suggestions so far, conflicts between suggestions, postponements, and the sources
of sugzestions that have already been tapped. Choice points decide whether a set
of suggestions is adequate, more work needs to be done, or permission to postpone

should be sought.

If a choice point finds no conflicting suggestions for a value, the decision is
simple and it just picks the value suggested. More typically there are many
suggestions and they don’t all agree. It is important that these conflicts be resolved
as sensibly as possible if there is to be any coherence. The general approach is to

use the heuristic with the strongest criterion of applicability.
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The criteria for making a choice between two conflicting suggestions are

(a) the strength of the suggestions,
(b) the degree of compatibility with the other suggestions,

(c) the extent to which the sources of the conflicting suggestions have
had other suggestions followed, and

(d) the number and kind of sources of the suggestions.

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

dimensions, the 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
order in which subproblems are attacked is very important. We want the
relatively straight-forward choices to be made first because they already have a
strong consistent justification. 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 the choice has to be made on a relatively arbitrary basis and if
chosen badly 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 mechanism is designed so that the choices with the most
justification are made first, then those that are difficult due to conflicting
suggestions, 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
interdependencies between them are such that the order of execution couid

adversely affect some of the decisions.

To help 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
deserve emphasis (e.g, Cinderella’s personality, her relationship with her
steprnother, the second scene and so on). Those choices that relate to the
focus (e.g, Cinderella’s speed) tend to be made first and so are more likely to
be self-consistent and effective because they are not constrained by choices yet

to be made.

The goals of this process of choosing is that the arbitrariness of each
choice be minimal and the coherence of a set of choices be maximal. In Ani’s
filrarnaking this means that each choice of any consequence should be compatible
with the description of the film and Ani’s general animation knowledge.
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 Ani means that the choices for the relative dynamics of the characters be
satisfied and that the choices of activities of the characters be self-consistent
and compatible with the choices of the character dynamics. The aesthetics of
Ani's films are a result of this striving for coherence, this minimization of
arbitrariness, and the currently small amount of knowledge about animation and

emotions that Ani brings to bear.
Examples 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 that Cinderella wants to meet the Prince, that her stepmother
prevents that meeting and then Cinderella becomes very unhappy while the
stepmother becores happy. Ani animates this scene as can be seen by flipping
the lower .right corner from page 85 to the end. First Cinderella and the Prince
are placed on opposite sides of the screen. Cinderella moves a small way
towards the Prince. Then the Prince begins to move in a slow arching manner
along the 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 her from moving towards the Prince. The Prince continues to wander
along the 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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Cinderella’s movements become more leaden while her stepmother’s movements

become more bouncy and spirited.

It is hard to describe completely how Ani animates this scene because
there are so many decisions and they are made at many different levels. Ani
not only had to choose the activities, but also how the characters should move
in them and how often sequences should be repeated. The initial locations of
the characters also had to be chosen with care. Perhaps the best way to see
how Ani rnade this scene is to just consider a few of the different types of

decisions rnade.!

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 should happen are gathered to provide a few alternatives to pick arong.
The actions are represented as actors? that can be asked for suggestions. In
this case the main action is "prevents", so the actor for "prevents" is asked for
suggestions. It suggests one of the prerequisites or enabling conditions of

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

I I confess that in what follows I probe into Ani's reasoning at the stronger or more interesting parts.
Often Ani makes choices with little basis since because some aspect is underdeveloped. What follows 1s
intended to give a zood impression of Ani's decision making and knowledge base.

2. Actors are computational entities that combine both program and data. They communicate by
sending and recerving messages. They are described in more detail in Section D "The Utility of Actors
for AT" on page 44.
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involved, for the prerequisites of Cinderella going to meet the Prince. It replies
that Cinderella rust be able to move ("can-move") to the vicinity of the Prince
and thal the Prince must initially be "on-stage". "Can-move" is then asked for
suggestions for how the stepmother could make Cinderella unable to move to
the Prince and replies that the stepmother can either "stand guard" (where the
stepmother repeatedly blocks Cinderella from moving to the Prince), "make a
fence” (where the stepmother moves leaving behind her a trail that Cinderella is
unable to cross), or kill 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 screen. Ani’s choice 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 this portion of the scene and how often each activity has been

planned for other parts of the film.!

Ani chooses the activity of the stepmother standing guard between
Cinderella and the Prince for this subscene.? Many more choices need to be

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

I. See Chapter 11 "The Making of the Cinderella Film™ on page 62 for details on how this happens.

2. Section B "The Kept Apart Scene” on page 65 provides more details and explains why this was
chosen.
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Cinderella moving towards the Prince, the stepmother chasing, Cinderella giving
up, and the stepmother relaxing be repeated? How fast should the stepmother
move? How should Cinderella move? From where should the stepmother initially

appear?

Each of these choices is again based upon as much relevant knowledge as
is feasible. Ani chooses a high speed for the stepmother because she is strong,
faster than Cinderella, different from the fairy godmother (who has a medium
sbeed), 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 this 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 this scene but is careful that the stepmother is still faster.
Even the normal speed increase for this aclivity is altered; it is lessened in

order to stretch the running time of this subscene.

By now the 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 1877a], and [Hewift 1977b)
has developed a computational semantics based upon the concept of an actor.
An actor is an entity that communicates with other actors by passing messages.
An actor has 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 author ([Kahn 1976b] and [Kahn 1978b]) and as such provides
evidence for the claim that actors are useful building blocks for implementing
large Al systems. Inside Ani each character is an actor, as is every descriptor,
character corparison, choice point, plan, method, scene, relationship and activity.!
The convenience of being able to place knowledge in an actor by adding items
to the database 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 way that frames do in FRL ([Roberts

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

1. Ideally evervthing in the system should be an actor. In Director this would be too inefficient: in
languages such as Smalitatk and Act | this is not the case.
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actors ecased the task of keeping the different components and bodies of
knowledge of Ani as independent and modular as possible. Without this high
degree of modularity, Ani would have been much more difficuit to design,

implement, and debug.

Actors are important to Al not only as better building blocks for
implementing intelligent systems. There is a way of thinking about how to
organize cbmplex systems that is sometimes called "the actor philosophy”. It
takes as the primary metaphor for modeling intelligence a community or society
as opposed to the more traditional model as an individual. Knowledge and
control is distributed to the extent feasible. This is not to suggest that it
advocates anarchy over the commonly constructed hierarchical structure. There
are many conventions and patterns in the way the components of a society
interact.  The implementation of Ani was strongly influenced by this view
(perhaps 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 and 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 agents in

the "Society Theory of Mind" presented in [Minsky draft].
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Section £ Ani as a Computational Model of Creativity

It is irrelevant whether the system is running deterministically; what
makes us call it a "choice maker" is whether we can identify with a
high-level description of the process which takes place when the
prograrms runs. On a low (machine language) level, the program looks
like any other program; on a high (chunked) level, qualities such as

"o

"will", "intuition", "creativity", and "consciousness"” can emerge.

- Douglas Hofstadter [Hofstadter 1979] page 712

A major contribution of this research to Al is a computational model of the
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 stories, 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 giobal constraints. it is
very often useful to make comparisons between the parts to determine their
degree of similarity and their level of uniqueness. The framework in which
suggestions from these 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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Intirately connected to this model of creativily as a class of
knowledge-oriented processes is a computational view of aesthetics. The two
aspects which relate to aesthetics are Ani’s avoidance of arbitrariness and
striving for internal coherence in the films. Thoughts about how an "aesthetics
expert” could be incorporated into Ani are presented in Section F "Incorporating
a General Theory of Aesthetics”" on page 194. Aesthetic issues are discussed in

Section B "Ani and Aesthetics" on page 223.
Section F Other Systems that Create Aesthetic Objects

There are many computer systems that are claimed to create aesthetic objects.
Few of these are based upon a knowledge intensive approach as is Ani. The
two systems that | feel some kinship with Ani 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 VIi "Other Research" on page 129.
Talespin

The problem in writing stories by computer is not how to choose the
level [of abstraction], but rather how to proceed once the level is
chosen.
---James Meehan [Meehan 1976] page 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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talking bears, birds, and so forth. Talespin is told the initial conditions (e.g, a
bear is hungry and a bird in a tree is sleepy) and spins a tale based upon a
high-level simulation. The characters of the story generate plans to satisfy their
needs and desires. Executing these plans causes the characters to interact
forming the substance of Talespin’s stories. The resulting stories are plausible
but typically not very interesting or aesthetic since there is no higher-level
structure to the stories and no notion of style or focus. Talespin has no sense
of story 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 the problem domain, is 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, what 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
a 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 pomt is clouded by a contemporary school of aesthetics that emphasizes a “slice of real life”
style. Realistic stories, hyper realistic paintings. and cinema verite are all manifestations of this view.