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1. _IntrOtiuction and Overview

‘Lintend to impleme_nt- a computer animator, Le. a computer prograrn; imbedded with- some of
the knowledg'e- of an animator, capable of generating computer animated. f ilms in response to

sketchy: scripts The proposed system will contam several knowledge bases enabling the system to

- create motions, shapes and colors that convey |he intended personalities, moods and interactions

The animation will be produced using an actor-based animation language which I am- developing_
o concurrently [Kahn 1976] The main emphasis of this research is to contribute to artil‘icial
- _lntelligence, however. I hope that contributions to computer_ graphics, _ani_mat_ion_ and aest_h_et_ics w_ill_

also result.

- A) My ule.v;.v.'of ae’_sthetics-

Aesthetics is 'concerned with the =nature-oi‘. the process of creating art, the work of art itself,
' and the experiencing of art! The system I plan to implement will be a Working model of the first,
| the nature of the creative processs A computational view offers Iittle insight into- the nature of the
- ‘work of art and. -comp‘uters wrll need to be-able to see before attempts..'to enable: them' to 'eitpe’rienée _
works of art should be attempted The quality of a work of art or aesthetics can profitably be
'-broken into the following aspects | |

| 1) :Structural. This part is concerned -with the overall -scheme, structure_.j._stor_y .or : |
si:_ript-. In 'the p_roposed s_ys_tern this_-:'wil_'l be provided b_y _t_he user and wi:ll_' def inethe '.

'.ta_sl&- to be performed.

l While some ol‘ things I will say may apply to film, static visual arts ancl the non-visual arts, the.
scope of this. paper is limited to the aesthetic and ai‘fectlve aspects of animation.
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2) Emotional. This is where I see the system being the strongest. _The'_‘sjstem
will, kﬁcw-ot‘:-the -moocls,.,feeli_ngs, personalities atnti .rela'tions.hi'ps that motions, shapes,
 colors, 'a’t_id-'th_eﬁ interactions and -_tfansformatiohs can convey. |

3) Perceptual. 'Tl.\ts is the part that 3i_s'_ concerned. with vthat looks pleasant or

' -.beau'tf_full- For exampl_e, flicker' (i.e. alternating .dark.' and light f i'a_mes) for .mahy

people ._is per‘ceptua_tl_l_'y- u_np.leasan't.'2 A more positive e'xemple i's. that bri__ght and

har_monldds_ colors are typically more p_lca'sent thatr muﬁd.d-_y. dull or clashing colors.

The p'er(:eptua_l as'p__ect inclucl'es: more 'tr'aditioqal,.' aesthetic concerns such as _com'pesition'

"'-: and balance. An imponen't, component of this is the h'atu'dli_ng ﬁr .glo_bal' interactions of
each aspect such as the color or shape. | | |

1) Symbolic. The symbolic aspect of ‘a work of art depends upon a cultural set

-of as'seciatiohs Betwe’eﬁ- what an image depicts. an_d' other concepts. I plan to

_ tnvesttgate this aspect the |east since it requires. too much knowledge of the real world

’

to be imbedded into the system

B) Tt_s'e k_i_h&-df_ in-lt‘r,ii_ti'on I expect the;.s_yst’em to .pr_od'uce_.

1 intend to Iim_it the kinds of animation that th'e sys'tem will p_rodia'c.e (at teast injtially) tol
narrative, non-representational 'object oriented films. That js the system. will not know anything
about the appea'rance b'r "reﬁl?woﬂd_ ob jects, such as trees','_ faces, etc.; but instead will be_ limited: to

| uslng only more ebstract ge'ometrt_cal ob jects; _sut_:h_ as circles, blobs, triangles, spirals, etc. This

2 This example, as with most in this paper, is culturally dependent and can be
considered correct only when all else is normal. These assumptions could easily be
overridden since any of the other aesthetic aspects (structural, emotional or symbolic)
or the context may dominate,
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limitation is to avoid the need to imbed .in the_system. tremendous amounts of knowledge For
._ example if the system were- to use eyes then- it would. need to know how they move, vary, express
emotions, and are combined with the rest of a face. It can be argued that by restricting myselt‘ to
non-figurative i_mage_s Iam 'making it harder on myself to have my .characters express emotions.
| _Many facial and body gestures are universal, often the gestures are even common to all pri_mates
'[I)arv._yinv'l87'2].- I am still‘ considering their use since‘ ‘they are rela'tiVely: well und.erst'oo‘d and
descrlbed however I expect that the necessary added complexity will keep faces and bodies out of
the implementation Animation is hard enough to teach a computer without adding the problems -
of teaching a _computer.to draw. | | |
- I have chosen narrative ariimation be.calise-:a,"'story" gives ‘the system a lot oi‘_ __'s_trl__icture'_ to
 work within. The ‘WOrds'"'s'tory,_."-and "narrative" should be inte_rpr'eted in their _most general sense.
R do.'n_ot plan to get inyolyed in the problems of having _the's‘___y'stem u-nders'tand._stor-ies in a natural
language. An example ._of a script is presented in a_.later section.
C) How I hope:to-gb‘ about this
1 plan to attack the problem of creating a system capable of producmg a wide Variety of :
| _stich films. ln response to simple storres by investigating separately the uses of the speed path size,
. ) shape,, color ‘and’ texture of ob.Je_cts;, to convey persona-lit_y,_ mood and emotions. Only af ter
'.r_ea'sonabl'e-_ success with th'is‘lw_ill the interactions_. be talten in'to' account. Initially,_ I intend to -
cor_l_centrat_e on the first two aspects. Eric Martin, an ani-r_‘nator and teacher, =ha.s-__emy_:_ha'tsiz;ed' the
S dynamics_ of 'an.'im'at'ion in statements like, "Animation ,di's_plays p,ro'cess"' and "mov_ern'ent' has 'as'

‘much integrity as drawing”. He-give's' class exercises to produce films with only one small dot that
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does not change color or shape or 's-lie. It is very instructive to see how 'ntuch can be- eXp.ressed '.t'hls
way "l'.'.he'dot’s. cha"r'actEr can"-be.conveyed as happ‘y, burdened, neurotic, f rightened or whatever.
Certam areas of the space can be- characterlzed simply by the way the dot behaves If, for
example the dot avoids an area, slowly approarhes it and suddenly runs away, one tends to think.
of the area as frighteriing or _dangerous. |
: When single dot films are tnastered, ‘-alnother dot (identi_cal-to the f irst) will be added. 'Very |
complex interactions -co_rrespon_d.ing_ to friendship, love, hate, fear, doihinance, rebellion, etc. will be
p_Ort_r,aye_d. _l"Or example, on'e.might‘ ask the' system to prod'uce"a dot movie of a heurotiC_ dot .
(coriveyed by erratic, jerky movements) t_hat comes. across a hap_by dot (which moues' rhythmically
in smooth .cur-ves-' with agentle velocity) and after initial trepidation on both their parts, they fs‘lo_tv‘l'y
merg'e. _. The resulting dot is happy but after a while the neurotic personality takes over. |
Color co'uld: b'e_a_d'ded.. to the dots to help.give them character. The. happ'y'- dot might have a
bright red color the neurotic’ one might be- a dark green color (or better st|ll change color
: oeaslonally) In same. way that 1 plan to make dot movies concentrating. on motion to debug .my
handl_ing_ and_;u_nderstanding of it, I plan to also make color movies. The problem would be to see
what.can .be conveyed 'w'h'en limit'ed to changing_"the color of a few un'ifo'rmly colored regions.
‘Shape. could also be used '_.'t,o en'h_ant:e the charat:terliatlbn. Roun'd_ ob jects are .;7pically
f‘:rlendli'e_r than -.oolnt.ed ones, irregular objécts stand. out more (le ha'\te more "t':haracter') than
.'sy.mmetrlc Iones (Of course, context’ can influence thls, a square among blobs is the bddball)
) Shape f tlms ‘could also be explored where a shape could suddenly or gradually (using interpolation

routines) change into another
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. D) Interactions and conflicts

.The next 'p_robléﬁ_r is the ihtefactid'ns- of the various aspects of the film. ﬁ. 's"l_ow _l"'hy't'_hm
choie_n i‘gr a section of a film to 'em_phasize_.,the seriousness of the. s‘ettion might conflict with “". :
character's energetic impulsive dynamics. Various solutions are possible, if, fbr.-.exarﬁplg, there are
other ch;f;cte;_rs they might be-used to-rétain as much as-ppséibl’e-of the mood of the slow r_hythm-
~.and the con’ti‘_'ast"mi'ght even en'hanc"e' the.-l_energet'ic _c_har_a'c_;er’s pe__r_sonality.. If the slow rhythm js
- considered important _enoug_h,l the character’s motions could still be put into synchronization .w.'ith,
-tﬁ_e rhythm. S‘upposétii'e desired rhythm is a simple three sec‘ﬁ'nd beat, then the character’s ﬁdti‘onS
might be m@ifid to be a small multiple, eg-a | or 15 second beat. |

| cher kinds of: i:bnflicts are ..pqssib_le. “The motion of ah ob ject may be so: over bearing as to
$Wa§h.().t_lt-_ any desired ef t"ECts.of' the colors. In sucl_y situa;lons' either _tﬁe mot'i'bn clu"e;'-__shbuld ..be_
. qhderplay@_ or the E_ol_or _Changés .exaggerated. éohflitts-_ can arise because two rather similar-
motions -irg 5_eih_g used"_to.;onvey -_dfffe_rent" perSon_aIities. In.suc_hl cases the differences between 't_ﬁe’- -
mqt'lons; ugualiy' need to be increased. This cou_ld _',be' done in either of two ways. One is to
| geﬁéréte, a difference description and then to modify each'mdtibn to wideri that gap. For e:j(gmp’_le. )
Wild-_ jéyfulﬁéss- might call for f&st,— ciifvy, irfe'gular mofion and - neurosis r_ﬁight call for fast,
stiia_lg:_ht,_: irregular r'no_tion.- If both -thes'e_ conditioﬁs need to be con'veyed. simu.ltaneous_l'y. (for
'diffe,-'ren't. in_di_v?idué.ls) f_h'en. their dif fére’ﬁce, in this case Straight" versus curvy, would _b'e.
- exaggerated. The other way such conf licts might be resolved is baSecl‘ on_th’e. fact that _t.he-r_'e. are
oftena few-diff'ei:ehf ways of the pbr;r_aying the same mood of persOn_a‘lify; The choice betﬁe_e’fl |

- them could be 'p'art_ia,lly'. based on the largest difference between the two motions.
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E) How the system will achieve effects

The system needs to know at least one way to achieve each effect it may want 'tq achieve.
The descriptions of the means of accomplishing desired effects must be manipulable in many wajys
to facilitate the kinds 'of solutions to the interaction problems just mentioned. The méanslef fects
descriptiqns should consist of a small set of stereotypical actions, each action itself should be
described in such a manner that it may be easily modif'ied.- The system will need to be able to
éxaggérat_e or down play any aspect of the action. In many cases, it will need to be able to impose -
a rhythm upon the stereotype, or to stretcﬁ or shorten the Iength of the component actions of :th,e

stereotype.
- The system also needs some kljowledge of how to implement the suggestions for achieving a.
‘ desired. effect. As an ‘examp,le, suppose the 'system wants to create a character that is simple,
orderly, and dull. Associated with each of those ad jectives may be a shott list of suggestions. Let
us just consider the suggestions felating to shape. Now ob jects wil l have a list of properties, such
as whether lan ob jéct is closed or not, or th.'e'number of sides it is composed of, which, if any, axes
it is symmetric about, how sparse or busy it is, etc. The sﬁggestions for "orderly” might be that the
- object should be closed, be composed 'of a small nvu,mber of sides, s,ymmetric (perhaps about both
the x and y axis), etc. Dull may suggest much the same thing with maybe the additional
suggestions that the ob ject should be simple, that none of its component lines cross, and that a
good example of a dull vob ject is a square. Dull may also suggest that the object not be very
- different from most of the other ob jects in the film. So at this point the system has a. list of
- desired attributes of the ob ject it is about to create. They may conflict or be redundant. There

may be other restraints on the choice, such as the requirement that the ob ject contrast significantly
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| | with ano_ther ob ject w.hi_ch has alrea_d_y been determined to be say a pentagon. Another restric_tion_.
~may be that- the system is being asked to be original. This might mean it_should not make th‘i_s '
| d’e’_cis_i_on as it did prev'iously (to do this it would have to r_ememb'er having..resolved a 'si'milar
situation eariier)_ or more simply it may mean that sugg_es'ted e:tar_n"ples {such as "dull™s siigges'tion
' _to usea square) be avoided if possible
Once the system has decided that it wants an ob ject it must generate the code to. realize it.
Suppose it has decided it wants a closed, symmetrlcal simple, four-sided f igure. then it will have to. _
match the desired ob ject against procedures that can draw it. In this case, Poly will match since
it will be described as drawmg closed symmetrical, n-sided ob Ject33 Associated with Poly w1|| be :
_information as to how to use it to achieve particular aims, A‘mong this- information. will be the
advice that states if ‘you want a. simple n-sided figure then call Poly with an. angle equal to 360 |
.divided by n.
| The above example would mdicate that each graplncal procedure will need to. have ‘
_ machine-understandable specifications Hopefully such specifications wﬂl be simple, a description

of the kinds ol' objects |t can draw and advice as to how to use it to draw particular ob JECtS Since

1 intend to limit the system to simple geometrical shapes and a few blobs and squiggles this should

- not be too complicated ~In addition. to-specrf ications for graphical procedures' it will also need

" -’specii‘imtions of programs that transform, move, or: manipulate objects This mvestigation into’ the '
representation and use of the knowledge about display procedures mlght lead to. signif icant

; oontr'ibutions to (:Omp_u_ter graphics 'technique's. Gurre_ntly’, cor__nputer- graphics is -doné__ _without the "

3 "Poly is the name of the:prototypical Logo graphics program. It draws polygons by moving a
turtle fi orward then turning an angle and repeating :
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machine having any understandmg of .the procedures that it is executmg The usefulness of this.

self understanding is one thing I hope the system will demonstrate

F) Global Constraints
At any point. in’.the decrsion-makmé process the system will have to make many rather'
' arbit_rary-de_cisions.__ Should it make this ob ject red or _orange,-sho_u_ld this ob Ject ibe.a. square -or -a
o -h_exa'gor'_i'. s'_l_i-_otrid 'thi’_s,cib ject..'i_‘ollow this *tra"je_ctory. starting' from the left,_ rig,ht‘, tOp or bottom, should
| this-ob ject be medium or large sized? Sometime.s the system will be trnahle_ to-find any reas_on to
choose'one over the'ot'-_h__er, 'Hopef__ully,.'in such c_ases'the choice'Will be inconsequential. MOre of ten-.
however, there_. will be ‘more global considerations that ‘will constrain the system’s choices'. ' l_-'or
g .variotis_-_reaSOns. the-system ma_y have-any of the f olldwtng,constraints:to operate under:_
| '-l) varie'ty, that is the choice is -restricted, if possible, to those a-_lterna"t’ivés not
_ already chosen for other ob Jects | |
Q) simplicity, this applies at'.all levels, the shape: oS the- objects and their'. .- |
interaction, the composition, the interactions between ob jects etc Many people place a
) :;ery high value on: simplicity or economy that produces complex effects.
| 3) originality, to the _system that will mean’ both making _decisions that a‘r,e-.
different from past dec'isions and ignoring, if _possibie, -spec'ii ic -strg_"gest'ions- or
' examples when alternatives exrst o |
o 4 f ilm length .the. choice - of . motions and interactions of ob Jects will be.
' int‘.lisenced by-any constraints as to the desired running time of thé film.
§ 5’_ rhythm, a desired -rh'ythm will also inf luence ,the,dynamlcs_ of the ',t‘ilm.

| 6) mood, a desired mood will affect the choice of most oi‘the 'pa'ramet_ers.

i,
+
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D cbntrist or lack therof, often tt will 'be -desirable to halve. an .bb Ject .bé
dist__ingui_s_h_e,d 'a’nd__'on;:e-itg charatl:teri_stics are determined thi_s places i:'ons’trainﬁ on lt;ﬁ,e
others, - |
| _8_).tensi-on._ often can be .créated_ by generating expectations by following some
‘rule, pa'tt__ern-,_ or-.s_l.:eréot'yped.'sequence and then at the appropriate moment 'breaking_ it.

9) _e:"cagg_ef_ation or lack therof, if a scene is to be-ehph_és_,’izéd .th'én' the iat;ti.on,s.
and _’inte_ract’ion_s..heea fo be taken to extremes. | | |
- 10) cohefe'nc'e,'usuaﬂy ;pﬁérence of theme, style, mood, etc..gives the _'work- a
cert#in maturity or sense of purboseful_ness.- |

g il) bb_vlbu.shess;. often effects should be ob\_}iqus, other times they _s’h.dl_!ld be

. subtle depending upon the audience, the desired affect, etc.
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1L An __Inuigina'_ry- S_eenari‘o

" The problems. of c_r_eaﬁng _st_o'ries.fer the _s'yst'em to animate is beyond the scope of this
_ 're'search. Instead I will be ma_kirlg up and borrowing stories for it to do. Myths, folk talles_-a'n_ril
f.airy tales are likely sources. For the _fo_llowing'imaginary session. with the system, the user will be
.tr_y_ing_"to .'ge___'t the system to make a film Isased- on a very simplified version of "Cinderella”.
' ~ There are at IeaSt"four aspects of the script that need to be communicated to the systern- It.
" needs descrlptions of the characters of their relatlonshrps. of the plot. or action and of restrlctions -

as to the Iength overall mood, pace, level of complexity and orlginality.

' A) Description of the Characters and their Re_lati_on‘slrips
First w'e- will enter descriptions of the characters, as follo"ws:4

(CREATE CINDERELLA -
. (PHYSICAL-DESCRIPTION (AND BEAUTIFUL SHABBY)).
(PERSONALITY (AND GOOD- FRIENDLY HARD-WORKING SHY))
" (ROLE-IN-5TORY MOST-IMPORTANT)) -

(CREATE STEP-MOTHER
- " (PHYSICAL-DESCRIPTION UGLY)
(PERSONALITY (AND NEAN SELFISH STRONG EVIL)))

B Next we will .define the relationship between Cirrderella. and her step mdthe.r and then '
oon'timie' defining the other characters.

(CREATE (RELATIONSHIP STEP-MOTHER CINDERELLA)
(AND DOMINATES HATES))

(CREATE (RELATIONSHIP CINDERELLA STEP-HOTHER)

. (AND OBEDIENT TOLERANT))
4 Readers unfamiliar with the notation of intérnal machine: representations. of knowledge should
skim the expressions that follow, if they are difficult to comprehend. Think of them as bits of
knowledge in a very stylized and restrained language.
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(CREATE FAIRY-GODHOTHER
- (PHYSICAL~DESCRIPTION (AND PRETTY NAGICAL) )
( PERSONALITY (AND GOOD KIND STRONG) ) )

(CREATE (RELATIONSHIP CINDERELLA FAIRY-GODHOTHER)
' (AND POLITE GRATEFUL)) '

(CREATE -(RELATIONSHIP FAIRY'-GODHOTHER CINDERELLA)
(AND PROTECTIVE GENEROUS HELPFUL))

_ (cREATE PRINCE |
' (PNYSICAL-DESCRIPTION (AND BEAUTIFUL STRONG))
(PERSONALITY (AND 600D STUBBORN DETERNINED))) ,
Notlce that by usmg the ad jective "strong” for the princes physlcal description rather than
for his personahty I am indicating that only his appearance rieed convey strength and that no
: commitment is made regardmg behavior. This contrasts with the step mothers strength specif ied
| earlier.-
| (CREATE. (RE’LAIIONSHI,P-BETV'E,EN"'CI_NDERELLA PRINCE) LOVE)
N To aid ‘th'ls _ettposition, 1 will igriore. the other _chgr_acte'rs-. the step sisters, king_. quieen, atntl _

servants.
. . 4

- B) The .Description of the Plot
© Next I 'shall enter in the plot. The pe_rsona.lltie's and:relat_ionships that are e_s'tdb'lish_ed in the
f ollowin'g. scenes were _désc_ribed 'ab'ove._

'(CREATE (SCENE INTRODUCTION) :

' (ESTABLISH (AND (PERSONALITY CINDERELLA).
(EMOTIONAL-STATE CINDERELLA (Joy SLIGHTLY-POSITIVE))
- (PERSONALITY STEP-MOTHER) -
(EMOTIONAL-STATE STEP-MOTHER (JOY. SLIGHTLY NEGATIVE)) |
-{RELATIONSHIP-BETWEEN CINDERELLA STEP-MQOTHER)))) -
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(CREATE (SCENE KEPT-APART)
(SEQUENCE (CINDERELLA WANTS (CINDERELLA MEETS PRINCE))

(CONVEY (PREVENTED-BY STEP-MOTHER (CINDERELLA MEETS PRINCE)))
~ (ESTABLISH -

(AND (EMOTIONAL-STATE CINDERELLA -(JoY VERY-NEGATIVE))
(EMOTIONAL-STATE STEP- -MOTHER (AND (JOY POSITIVE)

(PRIDE POSITIVE) ))) ) ))
(CREATE { SCENE STEP-NOTHER -GOES) (DISPLAY (EXIT-BY STEP-NOTHER) ))

(CREATE (SCENE_INTRODUCE-EAIRYeGQDMOTHER)_ o
- (ESTABLISH (PERSONALITY FAIRY-GODMOTHER))).

. (CREATE (SCENE CINDERELLA- BEAUTIFIED)

(AND (CONVEY :
(CAUSED-BY FAIRY- GODMOTHER
' (CHANGE (PHYSICAL-DESCRIPTION CINDERELLA SHABBY)
(PHYSICAL-DESCRIPTION CINDERELLA ELEGANT))))
(ESTABLISH (EMOTIONAL-STATE CINDERELLA (JOY VERY-HIGH))) '
(ESTABLISH (EMOTIONAL-STATE FAIRY-GODMOTHER (JOY MODERATE)))))

..By"__se'para_t_ing the two "establishes” they are forced to happ"et_i sequ'e'ntia-lly since what 1 am.
trying to (:aptu-re here is that the fétry‘ godmother. bécome$ happ.y be'caUse Cinderella is happ'y.' |
.'__Note also that in the scene- mtroducmg the fairy godmother the. system is not. requested to establish
her relatlon to Cinderella. This is because it becomes apparen__t during the. Cinderella
“beautification” scene and the following scene.

_(CREATE (SCENE NO- LONGER-KEPT ~APART)
- (CONVEY' FAIRY-GODMOTHER
‘(UNDOES
(FROM-SCENE KEPT-AWAY
(CONVEY .
(PREVENTED-BY STEP-MOTHER
(CINDERELLA MEETS PRINCE)))))))

(CREATE (SCENE PRE-MEETING)
(AND (ESTABLISH (EMOTIONAL-STATE. CEINDERELLA (ANTICIPATION HIGH) ))
(ESTABLISH (AND (PERSONALITY PRINCE)
(EMOTIONAL-STATE PRINCE -
“(AND (JOY LOW) _
(LONELINESS HIGH))) ) )] )
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( CREATE (SCENE HEETING ) '
‘ (AND (ESTABLISH (RELATIONSHIP -BETWEEN: PRINCE CINDERELLA))
(ESTABLISH (AND (EMOTIONAL-STATE PRINCE (JOY VERY-HIGH))
(EHOTIONAL-STATE CINDERELLA (JOY VERY-HIEH))))) )

(CREM’E (SCENE JUSTICE)
(AND (CONVEY (AWARE STEP-MOTHER (TOGETHER PRINCE CINDERELLA)))
(ESTABLIS.H (EMOTIONAL-STATE STEP-MOTHER (JOY' VERY-LOW)))))

I simplified the ending partly to_keep this section from getting even longer and also 'i;ecau'ee
'there'-;nre: problems with representing the second. part of tire‘ story. The'system will not know ebou_t
pnrtieulars'euch as _giass shoes, or more seriously it might riot know about the cqncept_nf' "f itting™.
One ndseib_ie :abstraction. of the ending rnig'ht be for Cinderella to begin to Iose_ her bright colors
and run off leaving a smail part of her that retains its bright colors. The prince then goes-around
_ trying to find Cinderella, finds her in her dull state, does not recognize her. until Cinderelia is

' -p_resen_t.e_d with the piec_e, becomes colori‘ul_ again and reesta_.biishes-her relationshr_p with the prince

and their happiness.

C) Constraints upon the Film and Individual Scenes

AII that remains for us.to. compiete the -;cnpt is to give descriptions of the constraints we
went ti,ie, system to cenforr__n to. The list of possible constraints was given in a previous section.
| Tl;ese eonstrnints..can be applicable to the entire _Ifil_m. or only- to particular .sgenes. Suppose we

_ enter the i_’dlloiving_ constraints of the entire film:

r : e
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(FILH-CONSTRAINT CINDERELLA-FILM.

(AND
(VARIETY-LEVEL. MEDIUM)

- {(COMPLEXITY-LEVEL LOW)
(ORIGINALITY LOW)
(FILM-LENGTH (INTERVAL (MINUTES 4) (MINUTES 8)))
(RHYTHM MEDIUM-FAST)
(MOOD SCENE-DEPENDENT)
( COHERENCE HIGH)
(OBVIOUSNESS HIGH)))

“Most of these constraints are typical for fairy tales and also make the system's behavior
easier to describe since it will not be tryT_ng to be subtle of original. The film will not have any

dominant mdod,'ins_t,e_?ad each scene will s'pe'cif y its own mood. The scené constraints follow:

(SCENE-CONSTRAINT INTRODUCTION
{AND
(MOOD NORMAL) ;this is the default if omittad
(RHYTHM NORMAL);this 1s relative to the fiim’s rhythm
(LENGTH LONG)))

(SCENE consrnnlur KEPT-AWAY
(AND _ _
(MOOD { CHANGES -HOPEFUL DEPRESSING))
{RHYTHM (CHANGES FAST SLOW))
(LENGTH LONG)))

(SCENE-CONSTRAINT STEP-MOTHER GOES- AwAv
(AND
(MOOD DEPRESSING)
(RHYTHM SLOW)
(LENGTH suonr)))

(SCENE -CONSTRAINT INTRODUCE-FAIRY-GODMOTHER
(AND
(MOOD DEPRESSING)
(RHYTHM PICKING-UP)))
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(SCENE-CONSTRAINT CINDERELLA-BEAUTIFIED
' {AND
(MOOD (CHANGES DEPRESSING JOYOUS))
{RHYTHM PICKING-UP) :
(LENGTH LONG)))

| (SCENE-CONSTRAINT NO-LONGER-KEPT-AVAY . - .
(AND.
_(MOOD (AND JOYOUS ANTICIPATORY))
~ (RHYTHM FAST})
© (LENGTH suonr)))

(SCENE CONSTRAINT PRE-MEETING . '
(MOOD ANTICIPATORY)) ,length and rhythm are "norma'l"

. '(SCENE-CONSTRAINT MEETING
' : (AND (MOOD (VERY JOYOUS))
(RHYTHM FAST)
(LENGTH LONG)))
o (SCENE-CONSTRAINT JUSTICE
(noop JOYOUS)
 (LENGTH LONG)))
D) Initial Elaboration of the Character _D_escription'é
As the script now: stands; without the added complexities of closer adherence to the original
fairy tale, the system is faced with a difficult enough task animating: it. The system will begin
| expanding, the scrii'p.t by expanding independently the: désc'riptio’ns of each of the characters to the "
* extent, possible, noting any 'c_bri_fliéts. Then it will go through the ‘list of conflicts and under-
- determined féatures trying to resolve them based upon-desired similarities of differences between -
the characters. Next the system will go through the script a -s.cene".'at' a time, filling. in the
'des_crii_:ti_bnjs' of the dynamics of the characters. Sometimes the character &e;crip'titms will be

'_ modified in. the process of conveying certain effects. .For e_kai;jple, in order to emphasize
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Cinderella’s- transition. from “shabby” to "elegant” the system will go bacl_t to Cinderella’s initial
appearance and resolve any prevnous conflicts or undecided features in the favor of shabbiness.
Only when the scenes are expanded will the ,ystem finalize the detanls of | the appearance and
typical dynamics of the chatacters to the extent necessary to actually realize th_e'm.

We will follow the system in attempting to realize the above script The first task it faces is
to establish Cinderellas physical appearance and typicai dynamics. Physical appearance is defined °
- by the sha‘pe, size, line, color and texture of an' object. It is bas_‘ed upon the b_'e'auty.'.'cornplexity.
niceness; 'in'terestin'gness,.: 'strength an.d'. coherence of the charactér. One's typical dynaniics are
characterized by their typical rhyth‘rn, _cur'v'at_ur'e of path, speed, sr‘no'o_thnes's, decisiveness and l.the-
lilte | |

To decide upon ‘Cinderella’s physical appearance each descriptor of her ‘is poled for -
suggestions As we have described her. we will need to look- at the suggestions of beautiful
shabby" "good" "friendly", "shy", and hardrworkmg Strengths of the suggestions are provided
to help resolve conflicts As it turns out only the first four descriptors have any suggestions about

_appeara_n_ce.. _The-suggestio_ns- migh_t be re_pres,ented. in the system as follows: )

A

(SUGGESTIONS-OF BEAUTIFUL
' (FOR_SHAPE
o (AND
(REGULAR (STRENGTH HODERATE))
(CLOSED (STRENGTH HIGH))
((COMPLEXITY -LEVEL MODERATE) (STRENGTH LOV)) .
((STEREOTYPES {AND STARS SPIRALS SNOVFLAKES))
(STRENGTH HIGH))))
(FOR SIZE) ;nothing, could be left out
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(FOR.-LINE
© (OR
(STRAIGHT (STRENGTH HODERATE))
(AND
(SMOOTH (STRFNGTH HIEH))
(LONE (STRENGTH WEAK))
(GENTLY-CHANGING-WIDTH (STRENGTH wEAK))
(CURVY (STRENGTH HIGH)))))
(FOR COLORS
(AND
( (NUMBER SEVERAL) (sraeusrn MODERATE))
" (HARMONIOUS: (STRENGTH HIGH))
~ ((OR (PASTEL BRIGHT)). (STRENGTH HIGH)) °
((AT-LEAST ONE (OR PASTEL BRIGHT)) (sraeusrn HIGH))))
(FOR TEXTURE
(AND
(REGULAR (STRENGTH MODERATE))
((ELEMENTS (SIZE SMALL)) (STRENGTH MODERATE)))))

o ‘Before I éo" on and present the-_suggesti_on_s of the-other descri_ptors,l should defend the
nrbiirefiness of- .these suggestions. Ciearly. beautiful ob;iects v)ith only one oi' two .colo'rs', with
jagged lines, with an irregular shape can :be created The suggestlons are. not mtended to be. -
'complete, nor.as: hard and f'ast rules . As we shall 'soon see,” the--s.ystem-will oecaslonally .make )
decisions contrary to the suggestions It should also go- w:thout saymg that these suggestions are

not infallible, ugly ob jects can be constructed followmg these suggestions Nonetheless, th_ese '

o .suggestlons are very helpful.

" The form of the suggestions from "shabby” are not -ver_y different b\i_t are presentjed $0 that

later sections using these-suggestiens'_ are clearer.

( SUGGESTIONS-OF SHABBY
(FOR SHAPE
‘(AND
( IRREGULAR (STRENGTH MODERATE) )
- (ASYMMETRICAL (STRENGTH HIGH))))
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(FOR LINE
(AND . :
(RAGGED (STRENGTH HIGH))
(THIN (STRENGTH WEAK))))
(FOR TEXTURE (IRREPULAR (STRENGTH MODERATE)))
(FOR COLORS
. (AND
(MUDDY (STRENGTH HIGH))
((STEREOTYPES: (AND BROWNS TANS))
(STRENGTH MODERATE)))))

(SUGGESTIONS-OF FRIENDLY
(FOR SHAPE

~ (AND

(NON-POINTED (STRENGTH MODERATE)) .

((NOT (COMPLEXITY-LEVEL HIGH)) (STRENGTH WEAK))))

“(FOR LINE (CURVY (STRENGTH MODERATE)))
(FOR SIZE ((NOT LARGE) (STRENGTH MODERATE)))
(FOR COLORS ((NOT BLACK) (STRENGTH MODERATE))))

(SUGGESTIONS-OF GOOD ‘
(FOR COLORS
(AND
((NOT BLACK) (STRENGTH HIGH)).
((STEREOTYPE WHITE) (STRENGTH HIGH)))))
Friendly and good have a few suggestions for appearance and are more important in
determining a character’s behavior which will be discussed later. At this point a merge of the
suggestions is made noting any conflicts. The sources of suggestions will be needed to resolve

conflicts and will be kept even when there are no conflicts. The system’s description of Cinderella

at this point is:
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(CINDERELLA APPEARANCE
(SHAPE |
(AND
(CLOSED- (FROM BEAUTIFUL))
((COMPLEXITY-LEVEL MODERATE). (FROM BEAUTIFUL))
(ASYMMETRICAL (FROM. SHABBY)) :
“ {NON-POINTED (FROM FRIENDLY)) -
((NOT (COMPLEXITY-LEVEL uxsu)) (FROM FRIENDLY))
 (CONFLICT:
(REGULAR (FROM BEAUTIFUL)) (IRREGULAR (FROM SHABBY)))))
(SIZE
(CONFLICT: ((NOT LARGE) (FROH FRIENDLY))
- (LARGE - (FROM MOST-IMPORTANT))))
(LINE
- (AND
(THIN (FROM SHABBY))
(CURVY (FROM FRIENDLY BEAUTIFUL))
 (LONG (FROM BEAUTIFUL))
(GENTLY-CHANGING-WIDTH (FROM BEAUTIFUL)) :
(CONFLICT:. (RAGGED (FROM SHABBY)) (SMOOTH (FROH BEAUTIFUL)))))
~ {COLORS
- (AND
~ (SEVERAL (FROM: BEAUTIFUL)). -
(HARMONIOUS - (FROM BEAUTIFUL))
- ({AT-LEAST ONE (OR PASTEL BRIGHT)) (FROH BEAUTIFUL)) -
((STEREOTYPE: (AND BROWNS TANS)j (FROM' SHABBY))
~ ((NOT BLACK) (FROM (AND GOOD FRIENDLY)))
((STEREQTYPE: WHITE) (FROM GOOD))
{CONFLICT: (PASTEL (FROM BEAUTIFUL)) (MUDDY (FROH snAssv)))))
(TEXTURE -
(AND
( (ELEMENTS' (SIZE SMALL)) (FROM. BEAUTIFUL))
(CONFLICT:
(REGULAR (FROM BEAUTIFUL)) (IRREGULAR (FROM SHABBY))))))

A few comments are necess:rry here In order to avoid a proliferation of dls junctive
, ,'suggestions,»-they are typically resolved at this .s_t'age. When all but one branch of the dis junction |
. causes conflicts that _bran'ch is. taken. In the two cases of disjunctive suggestions. hete (from

beautifut regarding color and line) the resolution is nfore complex. For line the choice is between
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straight lines and smooth long curves with gently changing widths. The latter is preferred because
only one ;iart of it conflicted, the smoothness, while there was agreement from friendly about the
curvatureg. The conflict between shabby's muddy colors and beautiful’s pastel or bright colors was
chosen in favor of pastel since pastel is closer to muddy than bright. The strengths of suggestions
are also used to prefer conflicts w‘ith' weak suggestions. The stereotype suggestions wouid have
been removed if the film was constrained to be original. (If it was expected to be very original it
mlght keep around the stereotypes but reclassify them as possibilities to avoid.)

‘Al that remains at this stage of the script elaboration is the description of the typical
dynamics of Cinderella. This will provide tendencies and defaults as to her behavior, thereby
R helping to convey her personality. Usually a character’s typical dynamics are modified by the
actions required of it. The emotional state of a character will also greatly modify the dynamics of
a character, the characteristic dynamics will provide a reference base. These modifications are
discussed fater. Typical dynamics are generating in the same manner as the physical description,
ie. suggestions from the descriptors of the character‘are combined and simplified with conflicts
being noted. The result of this process for Cinderella is:

(CINDERELLA TYPICAL-DYNAMICS

(AND :
((SELDOM STILL) (FROM HARD-WORKING))
(REPETITIVE (FROM HARD-WORKING))
(DELIBERATE (FROM HARD-WORKING)) -
((AVOIDS STRANGERS) (FROM SHY)) _
‘((ATTRACTED-TO FRIEND3) (FROM FRIENDLY))
"((PATH: (LONG CURVES)) (FROM GRACEFUL))
(RHYTHMIC (FROM GRACEFUL))
((LOW ACCELERATION) (FROM GRACEFUL))
(CONFLICT:

(SLOW (FROM (AND SHY FRIENDLY)))
((NOT SLOW) (FROM HARD-WORKING)))))
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" Disjunctive suége_stic'ms'. will not be discussed since they are handled as they we're_ll'o'r' the
_ generation of the pl\ysjical .descr'iption. "Graceful” is not one of the original des,cr'_iptors of
-'Cinderella, it was suggested by beautiful .
The elaboration’ of the .step mothers descrlption wrll proceed similarly. She will be ugly. _
- pointed {(mean), large (strong), simple (different), dark (evil), few colors (ugly and different), reds
-'a,nd_;_.brown_s'- (evil). The descriptor "different” was not given 'i'_n'. the ori_ginal_,SCript,'_;tlie system -
* generated It by _'co_rnpari_ng the .descr_l'pt,ion_s of the -_cli'aract_er's._ Of the four characters defined the
step mother is the only one that is evil or ugly 'and'so. is .clearl'y dif ferent. 'S'tmrig" sug'g_'_'e’_sts that
- her texture, l_)_e'-_solid or -regular. Since she is different ir_om tlie. others, when the texture conflict in L
_ jCl_nderella’_s-_physical- description is_;re-e'xa_mined-,,it_-wi_ll be decided'in' l‘avor of an ir're'gula'r texture.
Tl_'__n'é' step mother’s t_ypical dynarnics vrould' be swift (strong), decisive lstrong),._and pgged '_(u':g‘ly,. .'
evil): movement. To i_ncrease the -con_trast between Cind_erell-a_ and h‘er 'step mothe'r.., Cinderella’s
conflict between slow and f a_ster ‘motion. suggestions will be decided in favor of slow.. |
E) EXpansion_ of tlie Introduction Scene a
' Tlie first scene, called "'Int'roduction"' is 'where Cin'derella’s personality'-and emo'tional state,
her step mother’s personality and. emotional state and the relationship between the two are
established. The personalitles are conveyed by both the characters typical dynamics and certain
..tendencles in particular situations. The typical dynamics - have already been determined a‘s
described above An example of a tendency is: Cinderellas tendency to avoid strangers. due to her
.shyness ‘The only aspect the two. characters’ emotional state mentioned in the script is their joy :
levels. "Joy" has a Hist of sugge_sti_ons much in the same wa'y that descriptors like b'eautiful or -

"friendly” did as described. edrlier. joy"s sugges_tlon;s‘ar'e represented as:
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(SUGGESTIONS~OF JoY |
(ANY-OF ;i.e. at Teast one of the following
(FOR MOTION : '
(AND (BOUNCY {STRENGTH MODERATE))
(SWINGING (STRENGTH MODERATE))
(FAST (STRENGTH HIGH))
(CURVY (STRENGTH MODERATE))
{RHYTHMIC (STRENGTH HIGH))))
-{FOR COLORS
{OR
{(A-CYCLE
{AND VERY-FAST SHORT)
(BEST-WHEN (COLORS BRIGHT))
(STRENGTH MODERATE)))
( (CHANGE (NOT .JOYOUS) JOYOUS)
(PREREQUISITE:
. (ESTABLISHED
(CONVENTION (COLORS JOYOUS))))
(STRENGTH MODERATE)))
(FOR SIZE '
(A-CYCLE
(AND FAST SHORT EXTREME)
. (BEST—WHEN (SPARSE SCREEN))
’ (STRENGTH WEAK)))))

Kenneth Kahn

One of the ways of conveying joyfulness using color makes use of a convention. A

convention is established by picking certain characteristics of the colors, such as the brightness or

redness, and then changing the colors as if that were a method of conveying joy. Initially this is

always done in conjunction with at least one other method. If whenever a character becomes

joyful, it moves in a joyous manner and becomes brighter then after a few instances (the number

is largely dependent upon the "obviousness” level of the film as described earlier) the color change

‘can be used without the motion.

The intensity of the joy can be established by the number of different methods used (the
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stronger'.ones countlng more) and By- the intenisity with_w._hi’cﬁ a particﬁlar- method is carried out:
For exempie..ft'me.: way of c_on've'y,ihg 'stight joy would be a slightly boﬁncy, 'rea_so_n‘a’_bly fast, __slightly_
t’:ur_ﬁy_ rhythmic motion. Extreme emotions can be -wnveyed.'b_y using many- methods and |
' _exagg_e_ratin_g___' each _one. In ._ade'!i'tion, there are _adc_l_it_i_onal spggestions .for-ex'tre'me.emonons such as .
-trembling_ior _explo_ding.l | L
Darwln- {Darwin 1872] in writing abgu_s the exﬁtes_s‘ioﬁ p‘f.em.ot_ions in mars and animals puts. -
.for'tﬁ_ a p’fin’cl_ple_'which he calls'.“anti_thesis’. The idea is 'shat if a particuisr facial expression or |
series of movements are used to express a '_pa'rticu-la,r emotion then the .opp"osite emotion is convey
' by the. 6p_posite ex’éression or movement, For the few -cases that I_haVe investigated t.his. _prin’ci"p_le.
is very usefu‘l fer _conveying _emotioes by the kind of animation the system will produce. For
exampie,:'te convey sadness we need m_ﬂj negate -the':description- of joy. Areasonable way to convey. -
,sed'ness isto ﬁse a le'a_den'_.: constraiﬁed; slow, snr_ai_glst, ,a_rhy_'shmi'cmotion,.the opposite .of the joyful

" motion- descrlbed.'above. ."'I'_he suggestions of sadness can-concisely be described as:
o K3 . .
(suseesuons-or ‘SADNESS g
- (NEGATE Joy
| (EXCEPT
~ (FOR ‘COLORS
e .
'. _(B'ES'T,-'WHEN (COLORS (OR DULL DARK)))
(STRENGTH WEAK)))))) '
"The prinéiple_"does-hold'foi'h the use of a color cycle-to.convey sadness since the negation of -
‘the joyf ul version indicating very slow changes in a long cycle. The exception clause'is necessary_
only because the advice as to when this is good advice differs and this method seems Tess hkely to

succeed than its_joyful oounterpoint The advice as to when this is most applicable is based ‘upon.
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the perhaps universal attitude towards bright as joyful and dark asvsad: .f_lhgd‘iffergnce in strength is
- ‘probably due to the visu'allly grabﬂbing aspect:pf}“‘ the joyful verSion; | |

In the first scene Ci.nde'rella' is slightly h;p‘py and her stép ‘mother is slightly sad. The
system must choose either the nﬁotion, colors,.Or‘size or some’ &omb‘ination of these to conveyv this.
" Since th? desired film should be obvious motion is chosen since it is strongly suggested and |
contrasts most with the typical dynamics of the characters. Since the film’s c‘b’mplex‘itj level is low,
convention establishing is avoided and only one Method is used t§ convey the emotion.

. The remaining task in the elaboration of thé- jnitial scene is to establish the relationship
between Cinderella and her siép mother; vWe need to convey that Cindérelvla is dbminated by, is
obedient towards, and tolerant of her step mother. That her step mother hates her will be left as a
tendency to hurt Cinderella in later scenes. Again the notion o‘f' suggestions from the relation type
appears to be adéquate. For example, to represent what the system needs to know about dominance

we have:
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(sussesrrous-or (ACTOR-1 DOMINATES ACTOR-2)
- (ANY-OF
(ACTOR=2 ISvOBEDIENT TO ACTOR- 1)
“(FOR MOTION
(OR
((ACTOR-1 PUSHES ACTOR-2)
(AND REPETITIVELY FAST)
(NECESSARY~-CONDITION
(NEVER (ACTOR-2 PUSHES ACTOR-1)))
(STRENGTH MODERATE))
((ACTOR =1 OBSCURES. ACTOR-2)
REPETITIVELY
(BEST-WHEN: (RARELY (OCCURS osscunlns)))
~ (NECESSARY-CONDITION ;
(NEVER {ACTOR-2. OBSCURES ACTOR-1)))
(STRENGTH -HODERATE))))
(FOR POSITION : '
_ ((USUALLY (ACTOR-1 ABOVE ACTOR- 2))
(STRENGTH wEAK)))
(FOR ORDER o
((USUALLY (EARLIER (ACTOR-1'DOES X)
(ACTOR-2: DOES X)))
(STRENGTH VEAK)))
(FOR SIZE g
((ACTOR-1 BIGGER-THAN ACTOR- 2) ’
f | (STRENGTH WEAK))))) . °

. 'P_'ar_a'phra_sing the above, it states ‘that to convey that someonie’ ‘dominates another the

_ domi'nati'n'g‘ character can either _push or dbs'cur’e the ofh‘er or tisually be above the other, o'r

usually do some actlon f irst, or to be larger than the other. Except for the obscuration method

- 'these methods are common sense, They are the type of clues that observers of animal ‘behavior

look fpr to understand the social rgnking_s _of- say a baboon_troop. .Obscuration- ‘may ‘be a
tomﬁnt_ibn that "s'h_t;uli:'l bé eﬁtabl’is,hed just 'as:_.th_e'colér cbnvention_ peeds to be establishe&-td convey
joy. It rem‘alﬁs to study the reactions of viewers to decide what methods are valid _w_lthbﬁt
| es,t,abljshtng.conve'ntions' first. . | | |

‘The suggestions for conveying tolex"anc’e.an_d'_-obedience are
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. (SUGGESTIONS-OF (ACTOR-1 TOLERATES ACTOR-2)
(FOR MOTION
‘ ((ACTOR-1 STAYS-WITH ACTOR-2)
(STRENGTH MODERATE))))

(SUGGESTIONS-OF (ACTOR-1 IS-OBEDIENT-TO ACTOR-2)
(FIND TASK-1
SUCH THAT
(AND
" (ACTOR-1 CAN-DO TASK-1) -
(NOT (ACTOR-2 LIKES (ACTOR-2 DOES TASK-1)))))
(OR
((ACTOR-2 COMMUNICATES-TO ACTOR-1 (VICINITY-OF TASK-1))
(NECESSARY-CONDITION
(AND
(NOT (EQUAL (VICINITY-OF ACTOR-1)
(VICINITY-OF TASK-1)))
- (NOT (EQUAL (VICINITY-OF ACTOR-2)
(VICINITY-OF TASK-1)))))
(STRENGTH WEAK))
( (SEQUENCE :
(ACTOR-2 DOES TASK-1)
(ACTOR-2 COMMUNICATES-TO ACTOR-1 UNKNOWN-MESSAGE)
_(REPETITIVELY (ACTOR-1 DOES TASK-1))
(BEST-WHEN ( INCREMENTAL TASK-1))
(STRENGTH HIGH))) -
( (SEQUENCE :
(ACTOR-2 DOES (SMALL-PART-OF TASK- 1))
(ACTOR-2 COMMUNICATES-TO
ACTOR- 1
(OR (NEXT-STEP-OF TASK-1)
UNKNOWN-MESSAGE))
(ACTOR-1 DOES TASK-1))
{NECESSARY-CONDITION (DECOMPOSABLE TASK-1))
(STRENGTH MODERATE))
( (SEQUENCE:
(ACTOR-2 COMMUNICATES-TO ACTOR-1 UNKNOWN-MESSAGE)
(ACTOR-1 DOES TASK-1))
(STRENGTH WEAK))))

The essence of the conveyance of obedience is for the obedient character to perform some

task that the other orders done. The alternatives are for the commander to either give a demo
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t_'he_n gesticulate, do part of the task then .gesticU.late, simply-gesticulate or poi-nt"tow.ards the area
'_iv"he're the task is'to be performed, or to simply ges_ticUIa't_e.', ‘The s_rstei_n.is faced with the same
problem a"s Yugoslavian animators that can not have there characters -.commUniCate. 'v'etba__lly since
~ they want their .prodiJct to be .c'ompre.hensible.to speakers of many different fanguages. Their .
sol__ution is to ‘have their characters utter ‘sounds. that while clearly.- 'non-_linguis'tic convey the
impression ‘that it is form of communication. In an :analogous manner-' t.he communication 'of
unknown messages is accomplished by gesticulatmg, by. changmg in a pseudo-commumcative
' manner the position. orientatron, golors, shape, texture or size oi‘ the talking characrer Only if
' the message relates to one of those aspects will it not be faked For. example. if the first method
a_bove_.-is used the_n the vicinity of the task will _be_c.ommunicated by back and forth movements in .
the dlre_ct_ion of the area. |
lt' -'remains to see "h_o.w these _'soggestions are .used. to convey the _.r_e'latiOns'hip between
B Cin.derel_la_-and her step mother. To co'nve_y the dominance of the step mo_ther.oi/er.«Cinderella-the :
' system sv,_i-l_l ac_'c'ept_the. soggestions relai'ting, to the position, size and. order of acting, 'l'._hey all add to
the obvious'ness of the-conveyance and do not’p_add.'to the comple_r(ity of"_the film as usi_ng' t’_rvp wa-ys '
to convey joy twou’ld _l__iave. This new requireme'nt- that Cihder‘e‘l_la. be.‘smal_ler than her'.step' rhot-'he'r.
~ will resolve the coni‘lict between ”friendly"'s suggestion .tha_t' she not be lar_ge and “important™s
js‘uggéstion that she be large. _Si'nc'e’her step mother is large, Cinder'ella"'i‘s now dete'rmined to be
medium sized. All the suggestions relating to position, size and order are weak suggestions and so
the system needs to follow one of the motion- suggestions to make the relationship more obvious (if
the desired level of .obviousness were less the system would not need. to rely on the motion) The

' c_h_oi__c_e between pushing_ and obscuring is difficult to make. If there were differences in the

Page-27



A Computational Theory of A_ltimation o - a Kenneth Kahn

 strengths of the suggestions-the complexity of the ections, or the restrictions that afe assodat'ed
with the methods (by the "best-when and necossary-condition clauses) then it would opt for the
'simpiier or more obvious method. ‘Since pushmg takes less time than obscurmg it is chosen since
the amount of. 'time for this scene is limited, The scene. is describ_e'd as long, however, since the
‘entire film is supposed to be between four and eight minute's and .there-are e'ig.ht.-'other. scenes many
of .’thet_n _'llo_ng'._the'_ maximum 't‘ime'f"o'r this scene is a little more than one minute. If it were '_uot"tha't
the ooityeydtice' of:‘_obedi_ence also needs to be done in this scene the othet motion, obscuring, would
have been picked. | | |
o ‘The time coﬁstﬁints_ also play a role in the choice of which method to poi't'ray Cihde‘reila’s
obedience towards her. step mother. Obviousness would suggest: the’ strongest suggestion, ie the.
. demo method This requires much time, however, since. the task must be performed several times
' The moder-_ate_.ly strong. suggestion w__here the step mother -dqes a small part- of the task and__
Cinderella finishes is not excessivel'y-- time consuming and i more. sttongiy stiggested than the
ot'hersj and s0 is chosen. It r‘e_mains now only to ohoose a.task. The_re are three possibilities; she
can either build an 'objEct. destroy one, or push an object to another lo_cation.. Tiie'. last one is
. '.t_:h_oseit since itf takes the least-amount of time and yet is decomposable. G'_iude'_reila's obedierice li's

conveyed by the f olloWing ,se'q_u_ence of -actions:

1) Her steo riiother goes up -to.a. large ui:je_ct
2) S__he_.slowl'y pusi\_es it a'small way towards some ooint -
‘ 3) Shé’ stops'and.-rpove_s back and ibrth_tqwards the'point |
. 4) Cinderelia t;omes over and _slo'_viwl'y .pu‘sh_es it all the way to the point, pausir't_g.

k .oo'asionally_._
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: '_l';he' reason the ob ject.i;-_large,_ is pushed slowly and Cinderella. occa'sionally-palises is to conyey the
difficulty of the task in Or'der to ',ma'k'e the episode’s meaning more obvious. If the variety level of
the film were high then the use- of pushing for both the task and the conveyance of dominance

would be avoided by choosing a different task.

F) The ExpenSion of the Kept Apart Scene. |
In the next.scene Cinderella is preven_ted hyihe’r step_mother f rom meeting the .prince. The
| _ script .s'ay'S' that first 'the. fact that Cinderella: wants ta'meet the prince should be conveyed, then that
she is prevented from doing s0 by her step- mother As a result of this she becomes very sad and
her step mother is happy and proud (gloating) In addition the scene stiould be long and its mood
should change from hopei‘ul to depressing and the rhythm should slow down. The reason 1
_' descnbed the mood as. changmg like this is to help the audience identify.with Cinderella. If the
' ove_rall mood corresponds with Ci_n_d_erella s.ha_pplness the viewer (if susceptible to «the_.overa_ll mood '
of a scene) will t;!nfd to i"ee_l. the sadness or joy at the same times that Cinderella does. Maybe the
. $ystem should know this trick to create empathy with a character and use it when requested. |

There are at lea_ist two. npa_ys, the -sy_'ste'ml will be able to convey that a character wants to do
something ‘One is to do a ‘small first part of the: desired ‘action es soon as. the pre'requisite"s are.
Qti;f fed. Another wgf is to.c_redt"e an lmaginary" scene (a fantasy or dr‘earn) of the character and as
the-_'dction' is completed the character becomes very happy an'd _then-the d_i_‘eam_ is over and the i‘ilm

: _returns- to the “real” world. Mfaking- the transition to the-dream can b'e'ae'complishe‘d in several

- ways. a stereotypical one, being to zoom into the character -and then dissolve into the dream The .o

dream tnethod is very time consuming and ‘despite the fact that this is a_long scene there is the
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second part to do and so the first method is chosen. The first part of this scene is now def ined to
be th e prince making an entrance far f fom Cinderella and her step mother, and then Cinderella
moving towards him only a smail amount.

In order to convey that someoﬁe prevents some action from occuring the sysfem will expand
the action into its major components and prerequisites. The preventer then does something to
cause at least one of the components to be unfulfillable. The description of someone meeting

_someone else is:

(SUGGESTIONS-OF (ACTOR-1 MEETS ACTOR-2)

((ACTOR-1 MOVES-TO (VICINITY-OF ACTOR-2))
(PREREQUISITE (AND (ON-STAGE ACTOR-2)

(VISIBLE ACTOR-2)))
(STRENGTH HIGH)))

For the step mother to prevent Clnd‘érella from meeting the prince she can eithef make it so
tl;at Cinderella cannot move tovthe- vicinity of the prince, or she can make the prince not be on
stage or not visible. Looking a.t the methods for a‘ccc;mplishing any of these, the system finds that
to cause someone ﬁot to be on stage the best method is‘tQ "push” them off and that tﬁis method is
best when the pusher either dominates the other or is described as being stronger. This is not the
case with the prince and the step mother and so does not appear as attractive as the methods. for
causing the prince to not be visible. If the step mother was described as "magical” then she could
cause him to disappear, Since she is not, she can cover him with something that will obscure him.
'fhe other possibility, causing Cinderella to be  unable to move to the prince, is much closer to the -
original fairy tale but is rejected due to the compleiity and long dﬁration of the methods of

accofnplishing this. Later we will force the system to choose this last possibility. The second part

Page - 30



A Computational Theory of Animation o - Kenneth Kahn

of this scene will depict the step. mother covering up the p'ri'nce_'wl.t_h a dark s_olid object that is
_larg_e_r than hi_m. :Cinderella then wanders around not finding.him and she becomes sadder vlrhile
h_'er step mother' be_co'mes h_appy. ln order to_ emphasis Ci'nderella’s _.ext'reme 's'orroW'-th_e'. system. wi_l_l
use not‘.only "sadness™s motion sugg'est_ions but also _t_hei_color-an_d ,s'ize'.:c'ycle"-_sn'ggest'i_ons.

| 'To -c'onvey--the mood or -rhyt.hm -of a scene to system' can use.'backg'rou'nd color, :scenery.
"'various cinemagraphic ‘techniques such as fast cutting, close—ups, and the like, of simply. rely on the
emotional state and rhythm of the characters. The last method ls prel‘erable since it is simplest. :
however it will fot work for this scene since the characters diverge greatly. The next simplest_
method is to use_-t_h'e ba_ckground color w_hich_-ls_sufﬂciently obvious t'o be a‘c_:ceptable. -During this
scene the background color will be bright and change with.a fast pulse initially Later the colors

will darken the pulse will slow.

G) Cinderella Beautified Scene
After Cinderella is prevented i‘rom meeting the prince, her step mother leaves The fairy
godmother appears and her personality is conveyed Next the system must convey. that the fairy
'godmother causes Cinder.elias physical.description to-change from: shabby to-elegant The f irst set
of suggestions inspected are : those for conveying that an actor caused an event. Here Michottes
work on the perception of causallty [(Michotte 1903] is helpl‘ul A simplif ied .and. partial description .
of t_hose;suggesti_ons is: '
(SUGGESTIONS-OF (CAUSED-BY ACTOR-‘l EVENT-1)
: (OR
(ANY-OF
( (SEQUENCE : | |
(ACTOR-1 COMMUNICATES NONSENSE)
(HAPPENS EVENT-1))
(STRENGTH WEAK))
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 ((SEQUENCE:
- (ACTOR-1 TOUCHES (MAIN-OBJECT-OF EVENT-1))
(HAPPENS EVENT-1))
(STRENGTH MODERATE)))
( (SEQUENCE:
(ACTOR-1 PUSHES (OBJECTS-OF EVENT-1))
(HAPPENS EVENT-1))
(BEST-WHEN (PART-OF EVENT-1 LOCATION-CHANGE))
(STRENGTH HIGH))))
. The most obvious method is- pushing the ob jects associated with the event, however its "best-
when" clause is not satisfied and so the choice the system now faces is whether to use only the
"to'uche.s":method or both gesti‘cul’a.ting and touching. The scene length is long and obviousness is
high so it decides to do both.

The next problem for the system is how to change the physical appearance of Cinderella.
Changes can either be abrupt or gradual, gradual changes are clearer since there is little question
of ‘whether someone disappeared and another appeared or if someone abruptly changed
appearance. Since this is a long scene gradual change is feasible. The way this gradual change
will be accomplished is by interpolating the earlier descr'ipt-ionl into the later one. This is
accomplished by discovering in a suitable form the difference between the two descriptions, and
then to the first description the difference is slowly added. Interpolation between shapes is a
common problem in computer graphics.. I have extended these techniques to the interpolation of
colors, textures, and line. The 'dynamics of the-transition from the f i;st to the second appearance
still need to be specified and the scene constraints relating to the mood and rhythm are appropriate
here. The speed with which the interpolation occurs could slowly pick up, with a rhythm that goes

from depressing to joyous. To make the transition even more obvious the system will exaggerate

the difference between the two appearances. To do this it need only. give the suggestions of
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'.'s’ha_bby"" higher priority. for the initial appearance and likéwise for “elegant” in the second
app_érance, “This will'_resolve.many'of conflicts in the parti_al' description of Cinderella that was

_generated earlier. Her shape and texture will be irregular, her line jagged and her colors' muddy.

H) Cinderella s Appearance Before
After all the scenes have been expanded the system will then determine the appearance of
. ‘the_characters toa I_e_v_el that the graphics rout'ings.'c_an realize: This- was postponed in -ahtlcl_pa‘tio'n
of new sug'g‘e’s_tlons and con_fliet_ resolutions that occur during scene _elabora_t’io_n. Th_e decision to
decide all conflicts: in favor of shabby, for example; occured in- the process of elaborating the
- beautification scene. ‘The shape at this point is .desc'r,ibed, as closed, asymmetrieal, non-pointed,
irregular, and moderately complex. This description is matched only by the "blob" procedure.
" Asymmetrical and irregular shapes are the forte of blob. The complexity of a bicb. is easily
controit_a’ble. To avoid points the blob procedure need only be called with no turns greater than
sixty degrees. The actual app'e_arance. of Cinderefla is realized by the 'fo,ilowfr_ré_ procedure call:
(DRAH-BLOB 7CLOSED

ZASYMMETRICAL

“NO- CROSSINGS

12 the number of "1ines"

15 ,__m'lnimum angle of any turn

60 ;maximum angle of any turn

60 ;minimum Tine length

90 ;maximum Vine 13n’g-th’)
- Draw-blob isa graphlcal procedure that with controlled use of random: humber generation

~draws a blob to the above specrficatlons The third argument no-crossmg is necessary in order

to give the shape a texture which is part of her deseription The number of lines is twelve so that .
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' . the blob is rnbderetely complex. The maxirnum angle is. sixty degrees in order to kee'p.t'_he blob
from being “pointed”. The minimum and maximum line Ie_ngth'are the result of the line being
deecribed as Idng. The minimum angle is the standard default- for blob since there is 'nothing in
the description to indicated its value. The low origmahty level permits the use of such defaults.

The line is. described as being thin curvy, long, ragged with a gently changmg width The'
line drawing routine should be able to determine how to draw such lines without much diff iculty
Gently changing width might be defined to grow five percent every inch for four inches followed :
by four inches of shrinking five percent Thin would be defined to be only one raster point wide.

He_r size is described as "medium”. Simplicity and obviousness both suggest that the screen
not be too ciutt‘e_r'ed, however obv.ibusnecs also does not want ob Jects to .be too small to no'tice. Since '
there is no scenery a‘nd there is;at-the most only three characters on the screen at ain'y one time, the.

"system can ensil_y pick ; reasonable percentage of the screen to be the average size of the

‘characters, in this case about five percent. Since Cinderella is smaller than the average, she would

4
¥

be about 'hal_i‘ this size. '.'S"'ince' one of the reasons that she is not:a__s: iarge as her step‘ triother- -le

becauce her' 'step mother.'dbrninétes her (the other reason being.tha.t sheis f riendif), Cinderella -will

grow a little when her step mother is not around. This is part of "dominance™s suggestion relating
K . tor'si'ze. | |

.-R_eg_arding' Gin_derell_a's texture it has been decided that it be irregular and consist bf .many

small elements. The texture eiipert knowt- that irregtila,r textures -can- be  generated ‘by using a

_ rand‘oni ntimber 'g_ene:r:ato'r to decide for each position for the element whether .'to draw it or not. A

. typica_i small texture l‘ele_ment- is small squares and the lack of  originality desired will make this

suggestion acceptﬁble. | | -
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The colors of Cinderella have been determined at this point to be several harmonious drab.
- with a least one pastel or bright color.. Three specif ic suggestions that have been collected at this .
: point are browns, tans, and white Lack of originality suggests that all spec:f ic suggestion be
accepted Since several colors are called for three browns and’ three tans are added to the list. All
that remains is one pastel or bright color. The requirement of harmony lmplies that the color not
| be very different- from those already chosen. The pastel or br.ight ‘color that bést meets the
requirement is orange, bemg refated to brown and tan. Another pastel or bright color would be
generated if the number of colors were not already at the high end of what “several” means. The |
suggestlons for white and a pastel or bright color were strongly made and so white and orange will

be twice as f requent as the other colors.

I) Clnderella’s-_Appeara_nce After

To .determine- Ci'nderella's appearance after her fairy'.godmother beautifies her the -system
"n'iust remove all.- descriptbrs of Cmderellas appearance that are based on suggestions from

shabby It must also _reconside_r _all co_n-f-lict_s that were decided in. ' shabby__s ' .favor, The_n
, .’s'Uggesti'on's from "'elegant" must be added. Th.is is ore'ferable to.the alternative'method"o'f starting '
from. scratch declding Cinderella's appearance as if she tad originally been described as elegant
._-and not. shabby Decisions regardmg her appearance that are unrelated to the question of her

| shabbiness or elegance might be remade differently, causing aspects of her appearance to change :

_ that are mrsleading
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The suggestions of "elegance” that are taken into consideration here are:

(SUGGESTIONS-OF ELEGANCE
‘ ' (NEGATE SHABBY
(EXCEPT
(FOR SHAPE

((COMPLEXITY-LEVEL HIGH) (STRENGTH MODERATE)))
(FOR LINE

(THIN (STRENGTH HIGH)))
(FOR TEXTURE

(ELEMENTS (SIZE VERY-SMALL)) (STRENGTH HIGH))
(FOR COLORS

((AND VERY-MANY BRIGHT) (STRENGTH HIGH))

((STEREOTYPE: RAINBOW)

(STRENGTH MODERATE))))))

In forming the new appearance description of Cinderella conflicts which are easily resolved
by compromise are encountered. For example, "beautiful” suggests moderate complexity and
“elegance” suggests "high complexity” so they compromise upon moderate-high complexity.
Similarly for the sﬁggestions of very many-colors and several colors is compromised to many.

After beauiifie_d Cinderella’s shape is described as moderately highly complex, regular,
Symfhetricai, and closed. Stereotypical suggestions are stars, spirals and snowflakes. Spirals are
" ruled out since they are typically neither symmetrical nor closed. Snowflakes are not possible with
|‘bng lines énd Cinderella’s line is described as thin, smooth, gently changing width, curving and
long. Since the requested originality level is low, stars are acceptable. Moderately high complexity
suggests a star constructed of between twenty and forty lines. The interpolation expert suggests
that the number of lines in Cinderella’s appearance after be an integer multiple of her appearance

before.  This simplifies the task of inkterpolating smoothly between the two appearances. Since her

previoﬁs»appearance is drawn with twelve lines the number of lines now should be either 24 or 36.
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o ,'l‘w'en'ty‘ four is chosen sin(:-e_ Cinderella’s size is mid.dli_n'g_ and in order to create percepti.hly-com,plex'
j.s_hape_s _th__ey “must be ..ra__ther._ large. Even so Ginderella will b'e.?'_;sl_ightly larger than before
"beautified” in order to a'CCom'modat'e her added 'complex.ity. - |

Cinderella s texture is’ straight l‘orwardly implementable. It is regular and composed of small |
to Very small (another compromlse) elements A typical small elegant shape is a diamond and is
chosen in this case.

She is to have many brrght colors.” A stereotypical suggestion - is to use the colors ol' the

.rainbow a spectrum Many suggests that there be from ten to twenty five colors. The

- intefpolati’o_'n_ expert again requests the number of colors here be a multip_le of the number of colors

in her shebhy.=_appeatan"ce.-___-Her earlier appearance_consisted_ of-eig'_ht-colots, however, two of those

. .colors are'iisecl twice as of_ten. as thej others making _it.eq'tiiva’_lent to ten colors. The choice is now

‘between ten or twenty. colors of the rainbow. ‘Since she is.not large a large number of colors cannot
f it” lnto a small area and so ten colors are chosen

If the. system were extended to make use of cinemagraphic techniques such as zooms. close

e 'ups, fast montage, pans and the like then the decisions regardmg the number oi‘ colors or lines in

' .Clnclerel-las appearance would have been different. Since the beautification scene is 'importa'nt-- :

(this can be inferred f rom its length maybe it should be described explicltly if these techniques are
-available to the system) and since the major event is Cinderella’s appearance change a close up
w;ould be chosen. -SlnCe'_ she will practically fill the screen the number of _lines.a'n_d _CQlors ‘will be

. decided in favor of larger numbers.
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J) Criticisms of the First Pass

When the film is finally complete (or upon request a scene could be viewed as it became
ready) it will be seen by the user. Ideally the hardware would be fast enough to show it fast
enough. Since it is not, the movie will be f ilmed frame at a time and then seen. Stills from the
filmv would be viewable without filming and the user will be able to see stills from the various
scenes. Let us suppose that after either viewing the film or the stills the user 'has a few complaints. |
One very reasonable complaint would be vthat, the scene in which the step mother prevents
Cinderella from meeting the prince was portrayed in ménner too foreign f rém the original fairy-
tale. Since there will .be no natural language interface, the user will communicate this
dissatisfaction by asking for a review of the high-level decisions made in that scene. Among them
will be t‘he, decision ‘between conveying the prevention by using the method of hiding the prince,
chasing the prince off the s;:r,een,- or preventing Cinderella from moving towards him. The first
" method was chosen, to 'indicaté that the latter method should be used the user need only copy the
inte;'nél ft;r;'r;- o‘f that method and indicate that. it 'bé‘ given z'a \-r'e‘ry high priority. If the Siser’s
criticism were more vague, then he or she should éopy the form of the hiding meth§d indicating
. that it be g'iven the Iow?st possible priority. This would correspond to saying of the film that that
scene was done pobrly,’ that the pfiryce should not have been}hidden, without giving any
alternatives. |

In either case the System will begin to "re-think™ thé scene. If the latter form of criticism
were given the systém would need to choose between Cinderella being prevented from moving or
her step mother chasing the prince off the stage. The later method is still inappropriate for the

relationship between the prince and the step mother. The other method while more time
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~ consuming and complex has no viable competitors and s0.is chosen. For a.character to .prevent

another from ‘moving to a._particula_r region there are three possible methods in the --sfs’t'em: N

1) ,I'_e..ave.a tr_ailf_b_ehind' t_h.a-_t i_s'_-ilmpen'etrable (a fence) .
' 2) .l.ea.v'e images of self behind as one c'ir'cl_es the "prisoner” (metaphorically standing
S guard) |
3) intercept any movements towards the i‘orbidden region (actually standing guard)
| 1) tack or tie down the character -
| Th'e_-'thi'rd- 'methbd_is-_.ruied_out by the following scenes where- the 'step mother iea_ves and the
- fairy go_dmothe-r'lmdoes_ whatever is done here, The most obv__ions and ‘most easily undone méthod
is-_._the.'f_firSt' _'a-nd so it is;.chosen._ This change will propagate to the Isc'e'ne,'wherle the fairy godmother
li_ndoes_ the' 'preve_'nt'lons Previons'ly she 'rey'ea_l_ed the prince’s- I_'ocat'ions. now she will-fo'll,ow' the fence
erasing as. she goes.

Other sorts of Criticism are possible ‘For example, the. user may not be pleased with the

R _blob-like appearance of Cinderella in the first few scenes. Suppose the user thinks that the line,

colors, and textiire are sufficient to -convey- the transition frorn shabby to elegant -and want to
disable shabby 's suggestions regarding shape This will result in her shape being regular,
- symmetrical and moderately compiex This will lead. toa star, but a simpher one than is used after

she is:_f'beautified?',
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111. Control S't_rilcture-

The basic process the systém will be engéged m is making a series o’flde'cls'ion's.to refine or
sub;tantiate_ a structure lni_t_iﬁl_ly given by thé user. The choices th'e's'yﬁt,e'm _'make's a.ré usually only
- partially constrained by. the kinds of considerations already mentioned.. Even when the structure
pr_dvided by the'ﬁser is r.eIaﬁveiy specific the system is still left with apparently arbitrary deci‘s_ion_s
such as whé.th_e'r a particular ob ject will be a hexa_gon. or octagon, red.. or or_a"nge’,. or move -Sloﬁly or
_very slowly. _. |

| One can im’ag_ﬁe-a_ whole range of -stra;egiés for _o_rder_lng 'the ré’f__ inements or decisions the
;ysﬁém will make. Thé System could operate in a tdp-down, breadth'-f irst fash(oﬁ, refining on each
pass only that which is necessary. The adviﬂtag’e here is that cohierence will be greater. The other
exirém_e,; a dgpth-_f irst exploration would correspond to refining one brénch down to the level of
ob ject _;pecif ications .and..then expanding the next branch with the recently added cﬁn;iraints.‘ The
pro'bl'e_r_-n'- v)vith this approach is that the elements defined earlier will tend to be-arbitrary while the
later oﬁes might. be._ foo_cthtraihéd,..éven to -the-ex-t_ent that back-up is rieqa’_'ss‘ary.
| My current tenglenéy is towards the former_approach where decisions are lﬁade only when .
necessary. With cifher approach there. remain fn_any orderin'g-décisions; Should certain a'spects.bé
dev,e_,l_t__)p_,e_.t_i___;f ill'fst,; such. as .mb_tio_n and size, and only after they have b_e_é_n_déveloped .tl.me-..qthlgr a;pgcts | '
such a:'s-sh;p'é,_ co'ldr--'.ahd texture be-expanded? Should one'c-ﬁarat;éf _be:‘devélo'l.)’ed completely first
~ based (;h'SOfﬁe 6fd§ring of the "asp,ect's-.and._'th'en the others expanded. Or should ail the characters’
‘motion -be decxded, then their .éi:ze, then their shape, etc? Should the order vary, dépending upon

the structure constructed so far and the desired emphasis?
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This sear_ch'ing through a large space may remind one of earlier artificial _intelligence

programs. Decision trees were constructed and search heuristics applied to solve problems. The

o ) pa_radigm' has subsequeritly shifted from search-oriented s_ystems': to .knowl_edg'e{_-orien'ted systems.

Why, -lhcn am I.describing the problem as one of searching through a very large space of possible
shapes,:_.colo'rs_,fs'ize's-, and 'motions for an object rather than knowing .what to-de? With. art there
-are no Verfyf' well-defined goals but there are many possib_le "solutions.” K‘nowledge.of all sorts is

f being used to make these decisions but the choices are still under-constrained The best .

. methodology that I can thmk of in such cases is to make those decisions f irst. that are the easiest,

the most 'oonstraine_d. or the ones most likely to provide reasonable constraints for the 're_st of __the
decision process. It li’s hoped that there will be little interaction between the more specific decisions,
50 that the color of a friendly ob ject can be chosen without regard to its size. The coherence of - |
the ob Ject will be the result of the more global constraints and chmces The size and color, for

example, of an ob ject: need only be based on considerations such as the object is intended to be.

. -

f riendly, undistinguished that the predominating colors in the film are blues and greens. and that
the screen is _nevgr to _get- very cluttered. The determination of the size, _ho.we_ver, need not be based

on the color and conversely, so that interactions of the low level aspects can be avoided.
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1V. Numbers, both Real and Ra_n_d_om

Thls may be a minor o incldental point but I hope to avoid as . much as possible using
| numbers, both random ones and garden vanety ones. My ob ]ectlons against numbers. are partly
phenomenloglcal tha-t is they dont f eel nght; and.mostly-computant_mal, that is much economy .c;n
be. galned by restncting the system to the following "numbers™ "a very little bit", :"é little .bit",- "a
o li;tl_ , "a medium amount”, "a lot", "an awful lot". These numbers would be used in. the
descrlptions;- of motiohg, sizes, distances, and intensities. The advantages.of such- numbers is that
they permit assertions to be made about theé -numﬁe‘rs themselves (such as'cqns_istjgh_tlly; using the
' mimber_ “_an' awf ul lot” will result in a w_ild,.cénf using film), enable crude c_ross__-a'spé't‘:t .c_omp'a'risons
(hopefully "a little bit” of motion will “correspond” to "a Iittle;‘bit" of size), and eas? the task of
‘making decisions relative to the context ("a 'l‘ot".of size-correﬁ_ponds— fo'a smaller number.if_ all the
'-othéjt‘f-ob]ec_t's are small or if th'eaéntire_screen is srﬁall). -Qf-tcdurse-,-at sbr_'ne'_-st,a_ge' thesenumberswill
: needto be c&ﬁ___vert‘ed to qrc:'lin_a.r‘y: numbers and relati'iely ;imp.ié prbéedUrés coﬁlq accomphshth,s

| My ob jections against random -n’uhb‘ers are based on a belief that g_o_o‘d'._art'is not;rbit.r'ar_y.
but thé-_Pfodutt of t'_hdug:ht.. QOne reason I dislike_ producing art with random nu‘mbe'x;s' is tha.t. o
my k_nowled’ge-_thé only other attempts to create autofhatl‘cf picture .generating_ systems relied heév.lly
-oﬁ_ random number generators. Good ﬁrt is carefully constructed and thought out, ﬁsuall_y each
_ -e!erhi_z_n;- is.there for a re'aS_oh._ A random nur‘nl;jer generator is as likely to produte a "Mona Li_sa_" as
‘are a million monkeys to. 'typé "Hamlet”. This is not _tﬁ_, say that there are not iqcoh§equ§ntial_
ldec’isiqn.__s'- that have to be made -that could. just as wéll be made by thé__ _td_sg of a.coir.i.' In .s;xch cases,

'h_oweve_r_, one can just as easily ignore the random number generator and _pr'odu.ce a"s-;goo_d a film.
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Also, I am not saying that. there is no pIace for noise in art: A sllghtly perturbed square rnay in

) some cases be more desirable than a perf ectly drawn square. Some Very usef ul texture patterns are

B basica“y dif ferent noise levels. A dmnkard’s walk may be disturbed by random perturbations.

These uses of randomness, however, are very controlled. A drunk does not walk forward a'.
,ran_do_m -_ar_nount, then _-ri'ght or left some random angle, an'd _then,repeat. _Ther_e is a basic pattern
that_. is disturi_;_ed but _nut destroyed by randornness; If, as in the earlier ..ex'emple,' the stlg{htly
' 'pe_rturbed square is desired then there must be a reason, per_.hans' to make it look more like a square '
drawn by a human in a hurry. Again in such cases, the random p’erturbatio‘né must. be very
controllled;.. Also any reliance upon randomness will make it mueh_ more difficult to demonstrate

and test the usefulness of the knowledge in system.
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V. The Structuring of the Sp;lce of Each Aspect of an Ob ject

When the system is determining the speed, path, shape, color and texture of each ob ject, its
task would be greatly simplified if each aspect were properly structured. Intuitive spaces are
desirable, so are standardized ones. The way the space is structured or described greatly influences

the ease of maneuvering and reasoning within it.

A) Size

Size is the easiest aspect to structure. It can be standardized by using something like the
greatést inscribed circle, the least circumscribed circle or their average. This way a'squaré of size
| "a Iot.'" will be roughly the same as a'line of size "a lot". This approach contrasts witﬁ the way the
s'iie of an object is usually controlled in computer graphics. A descri'ption of an object is given in
terms of its coordinates or as ﬁorizontal and vertical changes from thé last position of a "pen”.
This ob ject can then be scaled. A standard turtle procedure for drawing, say polygons, is one
which one con'trols not the absolute size bult only the Ieng.th‘of ea;h side. These alternatives do not

facilitate inter-ob ject size comparisons and so are inadequate for the system’s use.

' Bi Speed
Here I could borrow from physics and characterize the motion of an object during a scene
by its velocity and acceleration. Were I to adhere even more strongly to mechanics I would merge
speed with path and deal only in velbcity vectors. This does not, however, match the way I
~ conceptualize motion. Often the speed and path need to be modified separately (the path may be

right, but the speed too siow, for example). Perhaps the speed will often change in complex ways

Page - 44



A_ Com_putatlonal_ Theory of Animation . o | . | - Kenneth Kahn

asa functlon of time.. It may also be importanr to quantize speed and acceleration so that motion

descrlptlons do not beootne too complex

| C) Path
Here there are. two problems combined; what the positlon of an ob ject is and what course it
.wil’l take., The position of an ob Ject in a standard turtle,program is not too easy to control, one can
- really only control where the turtle starts I expect to use some rule of thumb such as consider the
| posltion of an ob ject as a point that corresponds to the “center of mass” of the object. The "center
.of mass” can -easl.ly. be.approxim_ated by the average position of all_the vertlces.of.the-obJect, This
makes it easy to center one object inside another. to have one ob ject circle another etc Other
'-speclal points need to be associated with ob jects, such as a point about which.an ob Ject -grows or -
. turns Genter of mass prowdes a convement def ault.
'Th‘e_ course or path of. the center of the ob ject could .be'chara_'cterized as a two d-lmén_s.i’on'a-l -
"cat:te‘s'ien- space or as a. 'li'st'of.t'urtle commands. While I may dse the latter‘ I thi'nk ; richer more
structured, more lntuntive space is needed. A path can be characterized as either smooth of" jagged,

long or short, closed or not, symmetncal or asymmetrlcal etc..

' D) Shape -
1 hope that shape and path can share the same descriptive mechanism.
E) C'o_lor
From what little I've read it seems that an intensity-hue-saturation space. for color is more
~ intuitive and closer to our perceptual mechanism (for example, finear interpolation between eolors
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appears more linear) than a red-green-blue space. It is difficult to think of colors in terms of how
much red, green or blue they have. It is usually easier to think of a color as. being so bright or

intense, as being so saturated (i.e. how much white is in the color), and its hue.

- F) Texture

The textures I plan to have available to the system are few. One kind is simply different
noise levels. Another is repeated shapes or simple patterns such as show every other point, or
‘every other horizontal line. Certain aspects can bg characterized such as a texture’s intensity (the
percentage of points turned on in ‘the;area), its orientation, its density (i.e. the distance be;tween
elements. relative to their éize) or its complexity. Part of the characterization of a texture built by

the repetition of a shape would be the characterization of the shape itself.

G) Other aspects of objects
There are other aspects of ob jects that I have not mentioned. Orientation and rotation are
important and ‘prObably are similar to position and speed. The line that delineates an object can

also be controlled for various effects. It can have varying width or color. It can be smoothed.

Dotted and dashed lines are also possible.
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VL. Expectations of the: viewer

Pl'ayi:ﬁg- with the viewer's expectations is important. Little is worse. than a Very 'pred_ictable.
'. fllm Good films 'create-_éx,pectat'iolris‘,_ stretch them, break them at crucial moments or safis‘f_ y. them
'. in ﬁnexpectec.l_.w_iay_s. Expectations create a .po-inc of-focu's that can -b'e.used_. ta the filmmaker’s end.
Many of the ekpécta_t’lons #r.eid‘e_penden-t upon: the s_g‘phistication- and the ldiés'yncr'asie‘_s‘_ of the
- viewer, W-h'ether_ the. syster will be capable of playing with .ex_p_ectat_ions or this difficult 'tiisk_ will

be left to the user who creates the initial structure is a question that requires more thought.
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VII. Evaluation

There are at least two- different aspects' of this research that entail tricky questions of
evaluation. The' first is' whether the films the system produces are any good and connect in some
way to the '_inltial structure that inspired them. The other is concerned with how the system should
be evaluated I.as a contribution to Al, computer graphics, animation or. aesthetics regardless of the

quality of the films.

A) Evaluation _of generated films

Originally I conceived of the task of the System as the generation of films that, in addition
to i_bei.ng good, followed the script accurately. Two different experiments could then be used to test
this accwaéy; One would ‘be, to have the viewers describe the film without knowing what its
intention was and then gomparing the viewers’ descriptions with the original script. The other
 would be to tell the sc'rip:t, show the film, and then ask fdr criticism., I.'still plan to carry out these
_' ex'p'eﬂments, however‘ I don't think;they are cruci;l t;n the eva‘luation‘ oé' the films. The feedback
fr;:)m the viewers will hopefuily be very useful. If the responses fo-a group of films is po_sitiv'é,
consistent but not what was intended then presumably the system could be modified to produce‘
ghose kinds of films when the ef fect"they ;:reated is desired and to try something else to produce
the kind of film originally desired. It should be kept in mind, howeyer, that the sysiem’s main goal
~ is to produce good films, not simply films that match the script.

But how are we to know -if the films are any good? Some very sufficient but unnecessary
criteria would be, winning an academy award, getting rave rgvieWs from critics, or being a great

box office hit. A more likely criterion would be to receive tdvorablé criticism from “experts”, in
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particular, h_uman animators. Failing this the _eVaIuation._ can fall upon '-t"h_e reader. The thesls .Is‘
the .p_ul-nt'; the films'"only.-- the product. ‘The reader of the.thesis is constantly evaluating the research
and is likely to 'g':_ons'_ider him ‘or. herself enough of an expert to judge the‘ films. If this all -fails
_..there is still one leg of defense to stand on. The system could be based upon a very good model of
the generation of- animated f ilms and due to its limited knowledge produce Iousy or childish films. -
'-Thi.‘ argument should be avoided since it.depends upon faith on the readers’ part that ig_noranc_e

is.its only t‘law.

B) Evaluation of the system :
Were the system to produce award-winnmg f ilms, I would be very hanpy. however, I would
" not consider that proof of the system's worth. It_might have produced th_e film in a -yer_y. _ad_h'oc
a’n‘d. llmited- manner., 'I_'_h_e quality of the reasoning that the system uses.to create the films is much
 more impor'ta'nt'than the final product. Additionally, I would hope that the system -_w'ould at least
r.eme_mber -each ma jor decision it makes and a justiﬂca"tfion for it. I_;do n.ot int‘end to build any self- -
: _éxnlanation. abilities in.to th.e'system. but it will r'emember-. in -an acc'e'ssible form the information
k that such abilities WOuld depend upon Despite’ my decrsion to. Iimit the expertiSe of the system to
'_ 'narrative. ob ject-oriented, non-representational ﬂlms, I expect the system to be rather versatile It
'shoujd be able to respond- to a wide variety of _scri_pts. It should be able to re-do a film with
_addi_ti"unal'_ constraints. (Such as "'make the film a little bit more s"eda_te __and calm” or “make it |
. shorter and lighter”) | |
Even in the case. that the films it produces are lousy, it would not constitute proof that the

_system is Iousy The system mrght be based on very sound and general principles, its reasomng_
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may be very ,,clear,.it-may. be very ve,rsati_le,_and. sti]l produce dull, ngly, or silly films. If thls were.
th'e case and. it seemed plausible that its flaws were in the content of its data base, whien was. either
too limited or jr.rst-'piain incorrect, then the s_ystem could still be-'consrdered a success.. -'One" should
rem_emner rhet the primery purpose of implementing -such a _'s_ystern_ is :& demonstrate, via a
. -work_i'ng_'.ex_amnle,_ a coni_puta.tional theory of animation. To lessen the chance that its knowledge
base will be in_'adequate_,.. however, I have ’been-, and in"tenri to continue, becoming an expe'rt, ie an
animatnr. Towards this end filmmaking is my minor, and I have made several films both in a
cbn.rentlonal ‘manner and by _cemputer.

| Another.hzerd- qu'es_t.lbn'. is tiow to evaluate the construction of a wo'rk-ing. system in terms of
possnble contributlons to artificial intelligence. What is. the general apphcabllity of a system
designed to produce a very limrted class of ammatlon? The problems of exploring a very large
_space. ‘with. such poort;y defined goals and under-constrained choices have been not been
lnvestigated in Al to my knowledge I claim that it is an lmportant cognitlve activity that occurs in

situations other than the one dlscussed here. generating art Presumably Ilving one's life is an .
examp;e The goals areé poorly defined, part of the problem is generatmg the goals (as is also
probably the case with art), and the choices that one has as to what to do next are not suf ficiently
constr:a‘ined by the reality of the sltuat_ion or one’s goals.
.' The following is a list of ot__her:wa_ys m which this research mig'ht-_contrinute to AL
| N b_y.'pr'gviding_;a cornputati'on'a_l view of aestnetrcs'. While aesthetics is _probably
. not. as .important as other areas neing explored by Al researchers such as
understanding natural Ian_gua‘ée, It 1s l.an important con‘sidere_rion in reseatch, design,

. programming-and many other endeavors.

Page - 50



' K'_':Coinputa_t_ion-al Théory'of Animation o Kenneth Kahn

2) by-constructing' a co‘mputational epistemology for a real world endeaver by
cataloging and structuring the knowledge of an ammator |
| -3) by representing, structuring, and cataloging ad jectives (such as f riendly, sharp.-
' _red etc.). Whlie the use the defi mltlons of ad jectlves w1|l be generative. hopefully the
extension of the definitions to be. usef ul for mterpretation will not be great. |
4) by providing a better understandmg of what it means to be. Creative or
- o’riginal |
5) by testing Carl Hewitt's actor formalism [Hewitt 1975] on a liig. real problem.
“The nia'pi;lng of the ob jects in my system into actors_ 'seemt straightfortvard-. and the
'enperien'ce _wili .help answer questions about the usef glness of -a;'tbrs.,__ |
6) by providing a’better grip on how to manipulate, er_tagg;erate,_-négatg '-énd_ _

-~ transforim stereotypical descriptions.
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VIII. Objections

I am well aware that in committing myself to this research I am treading dangerous waters.
Compufer scientists typically feel that aesthetics and animation have little to do with valid computer
science research. Many ob jections ‘of a completely different sort are likely from the art world. A
computational theory of animation appears to be at variance with commonly held views of art as
intuitive, ._im‘agin_ativve, unpredictable, non rule-based, and requiring the creator to have a soul or
innate -talent. I think that an Al view of these problems would be very. enlightening to the art
wofld and should be formulated. Hopefully a working system will be very useful in meeting these

kinds of ob jections and more.

‘A) Lack of perceptions
- The system will be perceptually limited to input from a key-board. It will be blind both to
the world and its own films. One may wonder how such a perceptually-limited system could be
expected to i)roduc‘e visual art. A partial answer 1s that perception is a pr‘oéess of creating symbolic
structures from extérnél stimulus and therefore the system needs only those symbolic structures and
not a perceptual mechanism. Its knowledge base will, to a large extent, be 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 deaf and yet were able to
continue producing g&at works of art or music. Nonetheless, it is quite useful to see what one has
produced. The system will maintain a symbﬁlic structure déscribing the film and its images as it

~ creates them. This structure will compensate for most of the perceptual deficiencies of the system.

This will not completely compensate however, for there are many cases were a creator does not
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_ notice some feature or interaction until the product is created .For example, onefilm I made had a
very complex shape growing and turning while simultaneously the colors were changrng in subtle

E _ways. The color changes turned out to_-..b_e too subtle -- I still have tirou:bles._conv_'i_ncing'_people that
they -ar_e really happening. The only solution of the need for feedback is to .,,rely. 'on_a human
observer, who gives perceptual criticisms. The system w0uld then only need the ability to take such.

' 'critici_sm into a'cc_oun't,..i'n. this'example by exaggeration of the aspect that became overwhelied and

down playing the other components.

-.B)' Everyone sees differently .

| .Another ob j_ection to" the system is- concerned with the pe_rt:ept_io'ns of the viewer. The
'oh jection.-is', tha't each in_'divi'dual perceives a film differently, so it.becomes problematic as to _what
model of the viewer- the system should have. Much of -th_e knowledge of the ";sy's;tem consists of

facts such as “red is friendly"; ""square"is' dull”, “curving, smaoth motion' is happy” etc.. These-are

N _-_culturally—depende’nt- generahzations ‘that occaSionally fail dué to the .viéwer's idiosyncratic

experiences and associations There are at least two retorts to this ob jection One is that every
film or work of art suffers from the same problem and yet there is eno'ugh of a common ground
of associations, perceptions and’ experiences for the work of art to communicate and af fect its
viewers It is upon this common ground that the s ystems knowledge will be based The other |
, ;response to this ob jection is that the construction of idiosyncratic knowledge—based systems is not
Q inoonceivable. Each -viewer could modrfy -the knowledge base'according to his or her own feelings '
'.and associations and then let the ‘system produce the f iIm A knowledge—based system should be

- .capable of conforming to each individual viewer's sub jective. preferences and personality
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C)A gengrative theory of art is not an interpretive theory

One may ob ject that th'e proposed system will exemplify the process of generafing art, and as
such ha§ little to contribute to the process of .inter.preting, perceiving, en joying, or analyzing art.
This objection may well ﬁold true, it remains to be seen. It is more likely, however, that an
understanding of generation will contribute greatly to understanding perception. Perhaps much of
the knowledge base is used in a similar manner when interpreting as when generating. For
example, the fact that "red is \&arm" may be used both iﬁ generating "warm” objects and in
interpreting red ob jects as "warm”. The mechanism which is used to generate coherent, rhythmical
films is probably similar to that which perceives the same features. Also the system will in Some
sense be able to "interpret” the films it itself makes as organized along certain lines, as using
certainvtechnique's‘, as conveYing‘.a particular mood, etc..

Another defense of approaching the prcblem via generation rather than interpretation is

that its easier and still answers many interesting questions about both the representation of
3 : . . .

knowledge and aesthetics. This research project is already very ambitious, to expect it to contribute

to interpretation is unreagonable.

D) But it will be mgchanical and predictable

A common criticism of films or art ob jects is that they appear too mechanically constructed,
that they are too predictable. This is an especially common criticism bf computer generated films.
The motion is too smooth, it has Ii&le 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
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- decisions w_ere' made_ by ."tossing.' a coin®. The latter are oi_"ten fine since they avoid being
m_'e_cllanica_l'b_y having humans .g‘ra_'phically"communicate the motion or shape to the camputer. |
.My system will hope‘ful,l'y- avoid this difficulty by a process similar to that which a human
':goes'- jthr_oug,.h._- The motion it w_ill'.g'i.ve ob jeets will -typic_all_y have cha_ra'cter,and complexity, unless
of course it is trying to. convey a certain mechanical personahty of an object. Basic patterns of
: motion will be combined and modified to achieve a very definite character such motions are not
_likely to be mistaken as mechanical
Some might complain that bemg deterministic the system will be too predictable It will be_
' ,det'e_rmlnistic in the sense_that, unless told to behave differently, it will produce the ;ame- film for
tlle'-sime.' scri'p.t_._ The _sys'tem. however, will remember tlie deci.sions it made in making tlle fir_st.:film'
.a’..'nd,. lf‘_.so: instructed','-wi.ll try to 'make another that is significantly different from the first. One
may still ob ject t'hat‘ the system will be predicta-b‘le.. if one dsks for a warm ob ject it turns:out red or
-_'orange, never black o biue. The system should be able to in Ject an unexpected of unpredictable
- element intoa f llm without the u use of random number generators It could establisll a pattern and
. then- break it at a critical point It could decide to use one aspect of an ob Ject as an odd
--distinguishing feature For. example it mlght give a very pleasant friendly ob ject a large pointed
shape-(presu-mably an u'nfri'endly shape). Here the system wou_ld. depend upo'n_ the motion, color,
.line_',_a..nd. tekture'to override the size and _shalpe_'T If possib_le. the -'sy_ster'n'wi_ll choose which feature
or fedtures to make ano',m_alous for a ‘character on _.some,.-. positive basis not only because 'lt_.i's_
._expe,c'ted-_,that- tfhe.'_intended-. character portrayal will-not .'be.weake,ne_d by. the:anor_n_alous' f eomres. As
in--_'th_e. ekample of the large pointed friend_ly. ob ject (a friendly' giant), the atypical size and shape

"~ for _friendly objects may have been chosen because the character was supposed to be a strong
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friendly ally of another object. One of the goals of the system is that it have a good reason for

every choice it makes.

E) Its got no soul, no imagination, no feelings

Many would object that the system could not produce good art since it lacks either soul,
imagina;ion or emotions. Sbul is the hardest to contend with since I don't really know what it is. 1
" expect the system will appear to have a rather d'istinct'personality as a filmmaker, but does th:;lt
have anything to do with soul?

Imagination is almost as tricky, the system will probably appear to be imaginative, to come
up with “creative” solutions to problems but sore people demand more than appearances. Will it -
really be creative of' simply doing v)hat I told it? I think the question is. baséd_ upon la. mistaken
notion of creativity and I ;xpect the system will do both.

Some people think tha’f when an artist paints a depressing scene that he or she must be
feeling depressed while painting it. It might indeed help to be feeling in a particular mood to

create a consistent and strbng visual representation of it: The systemy need not "feel”, however, to

behave the same as people who do.

.F') Once you reduce it to a rule its no longer Art

‘People‘ who say this typically do not understand the .compdtational complexities of a
procedurall system using a knowledge base. There is probably truth in this ob jection if one thinks
of a simple rule, or a few ;Areakly interacting rules. If the process is too simple, too predictable..
éhen indeed it is not likely to producebgood_art. The system I am proposing, however, will be

based on a very large set of "rules” that interact in complex ways.
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" G) Need to underst'-and".psyeh_ology too well |

I -mi'g.ht be the case that in order to oroducegood art one- needs,ai very good understanding
j‘of human psyehology; One.tnost_' un.d._ersta‘nd how percepts affect people, how different kinds of
E expectations are crea,_t’ed, etc.. The system will have some knoWiedge_about this but it is possible
that it will be inadequate. The system may be too..ignor'an't to't‘u'nc,t'ion ptoperly, or maybe not.
Mu’ch_ of the system's knowledge will be useful facts and _tec_h_nique_s that are based upon an
e._mp_lrttal_’, understan.din'g... of human psychology. At this po'int_-l.seel no other way to reso_lv_e the

question of whether this will be sufficient without actually éttempting to build such a system.

H) Art is not well enough understood
~ There are two senses of this objection that may be true. One is that T don't understand art
well enough and must be an artist or study art for 1many years to even attempt to form a theory of

animation. I am trying to reduce this deficiency as best I can, by reading, by making films; by

' . going’ 'to,.ar't" museums and screenings, by talking to animators, étc. but it may be that this will

| prove .inadequate.- .It Is common in Al, however, for researchers who are ot experts in lapguage,
rnedtcine, electroni_cs__-of. perception to still t‘fy- to apply Al to those fields. *

‘A more serious problem would be the interpretation of this ob jection, 'a!ts no one knows

| enough ;bout art, at least in an explicit form, to attempt such a pr_oject. Itda'ny people believe th’at

the skill to produce att is not understood, some even venture to claim that it is not capable of being

understood If, however. I do manage to. create a’convincing system then I would. have n'tade a

-oontribution to the thesis that the knowledge involved in. produting and appreciating art is

: _symboﬂc and. not very different from the other kinds of knowledge that people possess
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1) Good Art combines very mah.y subtle n#p'ecis -

One interpretation of this ob jection reduﬁes, once again, to the possibility that I don’t (or
| cahf;) k_r.mw enough to fell the system enough to perform a_deq'uatélj_ We'll see.

| It -;ﬁo_u_ld be clear, hiowever, that the. system will Ee capable of sub'tle_ effects. It might rﬁake _
' -thg dif‘ ference, in. sﬁy color, between two ob jects. vefy small, just barely perceptible. Or it tﬁay want
© to subtly create a. séhizoph-ren'ic character by down playing the obvious schizophrenic behavior ind

by avoiding obvious techniques such as quickly a:h'ahging_. the shape-or color of the character.
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IX. _'Sulnmi'ng up

A system has been proposed. that I hope nil.l--contribUte to Al enim'ation. aesthetics, and
: compmer gr?a[shies.-- The system will-be based upon a c_omputa't.'i"ona_l view of generating art that
_emphas_i'zes _t.h_'.e need to structure the neeessary._k'now_-ledge 50 that it 'ctln be used in a very flexible
manner and be easily modified and manipulated by the system. The emphasis will be on -tlse faicts_,
- generalizations, rules, and procedures. What they are, ‘how ‘they should ‘be 'reér'esentéd, how they
should'.be. organized, etc.. This is not to say that no attention will be devoted to trying td_disc'o'Ver-' |
| ve’ry'-g_én_er#l -_and'pouerful' principles or to heuristics for searching through the s'r'ery'_ large decision
Space;5' only that I 'ct_')_nsider_'th_e problem of getting the n.eede'd. knowledge into the system_ to be
_' | t'n'ore; imp‘ortan"t. o | | |
I keep seeing strong analogies between this research and research .on natural language
. understanding Linguists traditionally were. mterested pﬂmanly in the syntax and generation of
_langua'ge. .il‘hey la_cked a sufficiently powerf ul.\tiew-.of computation to handie adequately problems
o 'semanties: and mea'_nin_g_. When a computatiomal view was applied.'to language by Al researchers
y 'tli_e_' emphasis shifted tuvgard-s.the.understahd_in'g: and interpretation of utterances. Art _hi_'stbti,an_'s
and tlie'oreti’cians_ have, i%ur--the most part, studied the problem_s of interpretation and 'criti.cism of
| _;'rt. They hgve-'failed_, or more. co__mmonly not even. tried, to form_a‘lize the knOWledge or '.d"isco_'vei;
the. 'rul'l'e's_ be_hind the 'generation.of art. P_erhaps, in the same. way that a tdmputat_ional view of
| language. has ai‘ded linguistics and i‘u’rthered the state of artificial. int_elligence-,_'a.cOmputatinna'l,

- view of aesthetics will aid in the understanding of art and artificial intelligence.

'5 The ‘notion of many sources of suggestions, sometimes competing and ‘conflicting, sometimes
reinforcing each other, and sometimes - ‘merging together is an example of a general technique that
_ ~may be developed in the course of this research.
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Comments of any sort w)er,y welcome.
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