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Abstract 

The application of computer technology to problems In 

the a r t s  is a r e l a t i ve ly  unexplored area. This pro jec t  is 

concerned w i t h  tha use  o f  computers in the f i e l d  o f  dance 

notation as w e l l  as the u s e  of computers f o r  the conceptual- 

i z a t i o n  o f  movements. A computer based dance notation sys- 

tern w i l l  be more useful than any of the existing notation 

systems because 1% is based on an animated f' re, rather 

than a symbolic system. The method of con t ro l l i ng  this f ig -  

l ire i s  one of the major goals of this project. A system 

mst be developed which, is useful to the choreographer and 

compatible w i t h  present c t a r  t ethnology . 
This same notation system can  b used to aid in the de- 

sign of movement for choreography md anhation. The way 

one approaches choreography and various kinds o f  movements 

can be aided by the analyt Leal power of a computer. Mew 

kinds of movements can be explored which .would be hard to 

visualize'without the aid of a computer. 



Rot at ion 

What is dance notation and why is there any need for 

it? A dance nota t ion ,  is a system or techniqae for record- 

ing e i ther  on paper, film, video or computer the notion o f  

dancer(& Musical notation is used  to record and compose 

sounds visually in the  sane way a dance notation system i s  

used. to compose and record movoroent, A dance notation S ~ S -  

tern enable s the dancer ox" choreographer t o .  read and. recon- 

struct a dance or movement. 

Thsre a r e  presently several  notation systems in use. 

terns. The prac t ice  of videotaping dance i s  also becoming 

very popular f o r  recording dances. Tha primary one w e d  to- 

seats motion of the ~ a r i o i i s  body p a r t s ,  (see illus. 1) 

It takes  a IilahJ-y 'brained person to notate a dance w i t h .  this 

system. It a l so  t a k e s  a trained person to read the nota- 

l ions and Iranslp-be them i n to  motion. 

There a r e  hundreds of different synbols la Labmotation, 

each one representing a speeii ' ic moveraent or body part .  The 

comploxlty of a f u l i ~  notated score is qui te  wreadabls t o  an. 

untrained person. Although the sp-~bols  a r e  organized I n t o  a 



ILLUSTRATION 1 



most danears and choreographers. Dancers simply do not 

w a n t  to go through the effort o f  learning the notation, sys- 

Â¥ba even 'though there is a strong push on the part o f  the 
(21 

Dance Eota t ion Bureau to achieve Labanotatlon literacy. 

Many dancers, choreographers and people Involved to dance 

f e e l  that a more direct and. less sy-ibolic notation system 

is necessary. Such a system vould show t ho  movement in a 

mi@ manner. Existing notation systems lack the capa- 

Video taping is so. example o f  a m o m  di rec t  system of 

recording aovoment, Due to I t s  access ib i l i ty  and ease of 

handling taping I s  becoming v e r y  popular,  as a recordj.ng 

tool. At the present t i n e ,  video taping is hvaluable, be- 

cause 1% shows ~lovaiiient and it is the most pract ical  re- 

cording device around. It I s  used to teach dancers move- 
I 

aents when they mst learn  a new dance. However, videotape 

as a f o r a  of notation has some significant Inadequacies. 

One can not record a dance which does not  yet exist. This 

raakss video Impossible to use  as a t o o l  to aid the creative 

process which should be a function of a notation system. 

Even video is to be used as a device solely for recording 

purposes It would require a great deal o f  production work 



tn. order to adequately record the  m o ~ ~ m e n t .  Several view- 

points would be very desirable  as w e l l  as adequate l ighting, 

equipment and technicians necessary to do a high quality re- 

cording. Once the recording is finished it is f ixed and can 

not be altered, it is totally inf lexible .  Analyzing a nave- 

nent tn the d e t a i l  sometimes desired can be very  dt f f icu l t  

w i t h  video, because the m e a n s  of g e t t i n g  closeups and slow 

motion is very l imited.  Also using a dancer to snalyze the 

mo.vei'ient can be d i f f i cu l t  due to the eoaplszit~ of that per- 

sons I n d l ~ l d u a l  style. 

The system I am developing malras use  of computer tech- 

nologr because I feel that this technology can solve prob- 

l e m s  of dance notation as w a l l  as give the artist a creative 

tool. (see section, on crea t iv i ty )  Comtrters have been used 

for some t i ne  to aid peopis in dealing w i t h  complex rrob- 

lama, usually sc i en t i f i c  or business. Hore recently the 

artist has been getting involved in using the computer to 

help deal  w i t h  complex problems in the a r t s .  This projec t  

lo of how eo~ip'a'bers can and w i l l  be used to a i d  

artists their creat ive works, ' 
' .>' 

A major goal f o r  th is  par t icular  project is to show 

that a computer can be used  as a conceptual tool for people 

Involved 3.a any kind of movement work and that a. compute:' 

based notation system would be more flexible and. prac t i ca l  



than existing nota t ion  systems. 

The idea of  us- computers for dance is not totally 

n e w .  Aatnatims wars pmduced at B e l l  Labs In 1966 consis* 

ing o f  t i n y  s t i ck  figures moving on random paths. They 
(3 1 

looked l i k e  skaters to a rink. It was not a very elabo- 

r a t e  description of moveinent, but showed sons of the poss i -  

bil i- t ies ,  Recently work has been done b~ Dr. Steven Bmoll@r 

for the Dance Hota t ion  Bureau, Y l t h  Maxine Brown he has 

developed a compiiter graphics e d i t o r  f o r  Labmot  at ion which 

allows a notator to manipulate the symbols on a graphics 
(4 1 

terminal . He i s  also working on a way to control a 

s t i c k  f igure v i a  Labmotation and this aspect of his work 
(5.1 

seems very Interest ing,  altho-ngh not yet completed. 

Another person doing related work i s  Gideon Arial in 

Ainherst, Mass. Em ases  a ceiaputer to analyze the movements 

of athletes and to predic t  changes In parfomance basad on 
io  1 

e s or movement. At perm S t a t e  P e t e r  Caranoixgh is 

u s i n g  computers t o  study human s t r i d e  patterns and tn Swe- 

study motion pat te j :=s  of horses. All of this work shows 

that  coinputers are being used in a great ~ a r i e t y  of ways to 

deal  w i t h  problems o f  motion,  

I QSH presently working with s t i c k  f igures  which eazx 



show the movement in a more analyt ical  way than a s p b o l i c  

notation system or video. An analysis of a s t i ck  figure can 

be a clearer way of looking at a movement than an analysis 

of a r ea l  person. W i t h  a s t i c k  figure one is not likely t o  

g e t  overwhelmed by the detai led In t r i cac ies  of an Iiidlvidii- 

al. However, this figure can express a quality of aoveiaemt 

which other notation systems lack. The s t i ck  f igure  is ma- 

nip-ttlated and drawn on a Tektronis  403.3 tai-mlnal by using a 

system of simple computer coianands. These f igures  are  then 

stored. In tho co uters memory to be recalled when needed. 

(See Id!amial section) 

exist 321 a computer sliimla-fced three dimensional space made 

v i s ib l e  on the Tektronix terminal. The figures can be view- 

ed from any angle and distance. The speed of  any raovsraent 

or section o f  movement con be accurately control led.  L i n e s  

can be drawn which show the path the body parts travollsd. 3x1 

space. Tlie v ie-~polnts  can change while the figure is moving. 

Sections of the f i g u r e  can be separated so that  only parts  

of the figure can be viewed as it dances. The propor t ions  

of the f lga re  can be changed so that a tall and/or , short 

person can be seen. dancing the s m e  piece. aspect o f  

the figure,  timing, said space of the system can be varied, to 

give the viewer a cont ro l  which is t o t a l l y  Impractical w i t h  



any other notation system. T i l l s  analysis and recording can 

be done withou"bever having someone physic 

choreographer can use tha conputer as a tool to help ~ i s u a l -  

ize and thus c la r i fy  Ideas. 



Manual 

The notation system described below w a s  developed on 

IBM timesharing computer, The programs are all 

written In APL, A l l  of the major programs are contained In 

a single workspace. After signing on the cornpatar and 

loading the correct  worhspaca the system i s  ready t o  go. 

How a choreographer can conceive or racord a dance us- 

ing the system. A person creates  a dance by making ~ a r i o u s  

p o s i t i o n s  from the s t i ck  figure.  One is presentad w i t h  a 

s t i c k  figure (see illustration 2)  and the means to m a n i p u l -  

at@ It. The image may be nanlpulated by using a var ie ty  of 

corn-lands, nost w i t h i n  a control structure, which, is the 

~oim-iand language. This language is only operative when. in 

comarid mode. To g e t  the cornand mode Just t y p e  GO. How 

the 

P: 

R: 

V: 

fo l lowing eomands are avai lable:  (see table 1) 

The primary posi t ioning cumand, enables you t o  
out a body part  (see t ab le  2 )  and. chess a direc 
~ 1 0 ~ 8  the body p a r t  towards. There are 26 direc 
and these 
w i t h  each 
3 and tab 

~ o r ~ & ~ p ~ n d  to the po in t s  of a 3 by 3 
cube being one direction, (see 5.llu.s 
Ie 3 )  t h e  center of the 3 by 3 cube 1 

pick 
tion to 
fcions 
cube 
trat ion 
s at 

the ac t lvo  j o i n t .  

Changes body t o  i n i t i a l  defaul t  p o s i t i o n ,  ( see  i l lus-  
t rat ion 2 )  

Places you I n t o  'viewpoint mode and a l l o w s  yoxi to 
change 

1) 
the viewpol-nt In several  ways. 

Select one of the prese t '  viewpoints 
bottom, l e f t ,  right, front or back. 
A l l o w s  yon to move the eye r e l a t i v e  

3 

e r e  
you a r e  by FiICrIIT. 'UP, or II'T COST-aids. 







D: Displays the active body. 

E: Allovs you to pos i t ion  the eye according to absolute 
x y z coordinates. 

It: Let f s you assign a name to the c-arrently displayed 
body. 

F: Puts you i n t o  ~ e f l n t n g  mode. Prompts  for a body pa r t  
and one of the f o l l o w i n g  direct ions : 
HIGH LOW LEFT RIGHT FORWARDS BACKWARD 
You must type in at least  three l e t t e r s  for the above 
directions. (see table 3 )  

I.I. Produces a m i r r o r  image o f  the current body p o s i t i o n .  

B: Lett s you pick another body (previously defined) and 
allows you to work w i t h  it as the active body. 

C: Allows you to p o s i t i o n  the body w i t h  cursors. 

I: L e t $  s you spin the body around i t s  own axis a specif ied 
degrees, (clockwise as f l o w e d  from top)  

E: Gives  you a l i s t  of body parts  and/or comands. 

S: G e t s  you out  o f  cornand mode. 



Following is a typica l  teminal session: 

(Computer's responses to cap i ta l s )  

COl-a'TAHB : 

posit  ion 

YEAT IS THE BODY PART YOU WISH TO POSITION? 

1 DO YOU IfAJTT TO MOVE TO 

mf 
(see illustration, 4) 

(for re f ine )  

A IS TIE BODY PART YOU VISE TO POSITION? 

WHICH DIRECTION 

COMMAND : 

view 

WHICH VISWFOIHT 0.S MODE $ FOR TOP, B BOTTOM, L LEFT, 
R RIGHT, F FRONT, H TO I-IOV3, 3 TO STOP. 

1 
(see i l l u s t r a t i o n  6 )  

a (only stops viewing mode) 

COMMAND: 

posi t  ion 

YEAT IS THE BODY PART YOU 3AITT TO FOSITIOlT? 









hf 
(sea i l lus t ra t ion 7 )  

COMMAND : 

PLEASE G I V S  THE COOEDIITATSS FOR THE EYE 

100 1000 -2000 

(TOErnD: 

display 

(see i l lus t ra t ion  8 )  

COHKATO : 

IfHAT BODY 

POSITION? 

display 

(see illustrationi 9 )  

COMMAND : 

WHICH VISWFOUTT OR MODE T FOR TOP, B BOTTOM, L LZFT, 
R RIGHT, F FROW, M TO MOVE, S TO STOP. 

(for ref b e )  

(see i l lus t ra t ion  10) 

COMMAND : 











pos i t ion  

WHAT BODY PART DO YOU WMTT TO POSITION 

arms 

WHERE DO YOU WANT TO MOVE? 

(see illustration 11) 

COMMAND : 

name 

mirroi* 

THE 
(see 

MIRROR IMAGE IS ITCW CALLED MBOD* 
i l lus t ra t ion 12 1 

COrnIATO : 

(for body pick)  

WHAT BODY DO YOU IiA17T TO DEAL !̂ ITIT? 

(for cursor p o s i t  ion) 

PLACE TI33 BODY WITH CURSORS. 
(see i l l u s t r a t i o n  13) 

( fo r  spin) 

So 
(see i l l u s t r a t i on  14) 

COMCAI7D : 









1 1  iuskak ion 14 



name 

WHAT IS TI33 ?TME FOR THE PRESENT POSITION? 

henry3 

COMMMD : 

top 

We now have three bodies to p l q  w i t h  so l e t s  p o s i -  
t i o n  them on stage somewhero. h a g i n o  the screen as a top 
v i e w  of the stage. You p o s i t i o n  the bodies by typing: 

(Than enter a f igure  name.) 

(And you use the cursors to pick  a poin t  on the 
fmlge. 1 

(pick the  p o i n t )  

(p ick the p o i n t )  

n 
(see i l l u s t r a t ion  15) 

The next step is o create  the timing sequence f o r  
movements . All movements are transforriatlons from one posi- 
t i o n  to another w i t h i n  a ce r t a in  t i n e  wan. How we may de- 
f t n e  a seene. F k s t  you t y p e :  

scone 





(see I l lustrat ion 16) 

Xow all that's left to do I s  f i lm t h o  pos i t i on  and 
then you can see t h e  movement. In o r d e r  to see any two f ig- 
Â¥are transform 7011 type: 

seconds as s e t  In the var iab le  fps.  

One also  has any o f  the s t m d a r d .  graphic capab i l i t i e s  

of the I n t e r a r t  Graphics system available to you. %veral  

a b a t e d  f i l m s  have been nis-de which show the figure danci-a 

One was of the begtnnhg of "~ziblan Woman." a dance choreo- 

graphed by John Parks. 

Follcwing is a more technical and deta i led  discus- 

sion of some of the f i n e  p o i n t s  I n vo l ved  to t h o  system. 

accomplished by u s i n g  a s ingle  sphere consisting o f  27 

p o i n t s .  'Ehe sphere is continuously moving around depending 





on what body part you are dealing w i t h .  The center o f  the 

sphere is located at the j o i n t  and the radi-us is aqua1 to 

the length of the body part bein positioned. Picking a 

place to move 5.e. al or 11 picks the corresponding point 

on the sphere. Moving the body p a r t  is actually a t r i ck  In 

that there is rea l ly  no movement involved. Instead the sec- 

ond p o i n t  of the body part becomes the designated point  of 

the  sphere. This makes for a meh fas t e r  cpu operation. 

A body p a r t  such as the left arm is actually three body 

part s ;  the left upper arm (lua), l e f t  forearm (Ifa) ,  and 

l e f t  hand. (Ih) . When you p o s i t i o n  the l e f t  arm first the 

upper ami i s  moved then the forearm then the hand. In this 

process the body parts  become detached and then reattached. 

The re f ine  rou t lna  (command f) works by figuring out 

the l ines of rotation and correct ang2.s direction, to r o t a t e  

the  body part given one of s ix  possible direction (high low 

l e f t  right forwards backwards). 

The function SSIZ3 is used to keep the size of the body 

constant  or to change the body to other proport ions.  The 

variable sizevecl and sizevec2 are var iable  which con t a in  

lengths f o r  the body parts.  

The view p o i n t  rout ines  a r e  based on the  following 

rout ines  developsd largely by Josh E a l l .  



Given an. eye wlilch is t r e a t e d  as a three  element vec tor  

you have yaw pitch, and r o l l  controls. These allow you to 

r o t a t e  about any of the three v e c t o r s .  One can move t h e  sye 

by typing UP, :&ere is dis tance in screen units. The f unc -  

t l o n  CT mo7ss t h e  ?ye towards  vhatsvor 7011 a r e  cnrrently 

looking at. 'I'he function 3IGET moves t he  eye right. The 

fanetton LOOK points the eye 

the del ta  acenter var iab le  

acenter is center stags. 

towards the p o i n t  spec i f i ed  

For the dance system d e l t a  

The  GEOTOTD function, is used to give 2 sense of gravi ty .  

2 . o .  the f iprs  I s  not allowed to be off the ground o r  below 

it. This can be t inned on or off w i t h  the Gswitch, a t h ree  

elenent character v?riablo fan1 or 'off 1 .  It is usod p i -  

m a r i l y  in Coinnand mode, 

(see i l lus t ra t ion  17 for differences) 

The BJUTIMA function is used to "fill in" the positions 

or movement between t h ~  key p o s i t i o n s .  Tho body parts do 

n o t  shrink up as they do vith a sliaple l i n e a r  In'berpolat.lon. 

This is accoriplishod by keeping the length of the p a r t s  con- 

s t a t .  ( sea  111ustrations 1G and 19 for a c q a r i s e n )  See 

lll?-istrations 20 and 21 f o r  add i t iona l  EAHFA examples. 

She A1TAL function l e t s  TOTI analyze t h o  paths ~'rhich body 

p a r t s  take  during a trancfermation. ( s e c  i l lus t ra t ions  22 

and 23)  



















The c ~ n p u % ~ ~  ~ y & m  is s e t  up to dm1 ~ % % h  'both tracli- 

t10na.l p~ob lcmi~  of' ehoreug~aphy and notat&x~. It a lso  en- 

~ b l e s  the a~tist to use the computar a . ~  an &d. to %he CPB- 

at3ve proeem. As the choreographer 1s e m m t b g  the dance 

~ i t h  the C O I I I ~ U ~ ~ P ,  n ~ t a t l ~ f i  IS b e b g  E E L ~ ~  S ~ ~ ~ ~ ~ Q U B I ~ *  

The r m t ~ ~ ~ o n  $3 ased as a pmctZca1 conceptud % o a L  The 

reXationah5p~ of dmcem to eaeh otixw a d  to the space they 

a m  5x1 can be m a l ~ z e d  more c m m T u ~ 1 ~  thm ever before 









Randomness has been a sipnifleant pa r t  of art s b c e  

-1s  and Dacbmp1s wood cut outs and has been experimented 

w i t h  to a great v b t y  of ways. What is randomness and 

how can it be Â¥use In choreography? Randomess Is stmpiy 

the I d e a  that given a number of' possible choices the proba- 

b l l i t y  of picking any one is equal to the  probabi l i ty  of 

picking any other. 

One way of creating a randan dance is to chooss a nwi- 

b e r  of poss ib le  dance posit ions.  For example, given a li- 

brary of positions for a dance, (I.@. the posit ions of " ' 8 ~ -  

BIAET WOW"), one coiild keep picking, at random, from those 

positions and the resulting order of positions I s  a random 

dance. A movement of this par t i cu la r  t y p e  would consist; of the 

exact same key pos i t i ons  as the or ig inal  'real '  dance but 

they a r e  performed tn a random order. Randomess is some- 

thing which the computer I s  very w e l l  suited to d e a l  w i t h .  

Many different  random aspects ?re poss ib l s .  The manner 

degree of rmdomess trhich you. allow i n t o  the dance and 

Â¥are results in a wide va r ie ty  of outcomes. 

and 

fig- 

The above described random dance is one method of ap- 

plr tng rsndomeas.  Another method is to a l t e r  the body 

par t s  o f  a key p o s i t i o n  random arr-omts and direct ions .  An- 



other possibility would be to 1st the computer generate the 

key posi t ions .  This too can be dons tn m a n y  ways. The 

eorap'uter can generate body posit ions  without  aay anatomical 

limitations I.@. ever7 body par t  has a full sphere of move- 

ment p o s s i b i l i t i e s .  The limitations o f  the body can be 

programmed t o  enable the computer t o  place the body p a r t s  

anywhere w i t h i n  that limited range 

parts to specific ranges but a l l o w  

In that range. 

and l i m i t  specl.Cic body 

random posi t ioning w i t h -  

Yet another  p o s s i b i l i t y  comes from rea l iz ing  that the 

computer treats the body merely a collection of l t n e a  orga- 

nized and attached in a specif ic  way. Random positions can 

also be created by picking subsitute body parts f ro=  a 11- 

b r q  of posi t ions .  For example, new p o s i t i o n  can  bo crs- 

ated by replacing the l e f t  arm o f  FOS27 w i t h  the left arm 

of POSU. The body, usad to subs t i tu te  the p a r t s  is picked 

a t  random. IJhen this is done for the whole body (a l l  18 

body parts )  a r-aidom position is generated. (see  i l lus t ra -  

t i o n  a) Random p o s i t i o n s  can be categorized by keeping 

t rack  of the random number generated by %he consputer used 

to create  these pos i t i ons .  ( see  the nmbw in illustration 

25) Surely there are many other possibilities and this can 

only show that randomess is a qiiali'ty of dance part icu-  

l a r i ~  suited to the coinputer. 









A% %he p~?asent 

'be conddered a p r w t ~ c a l  noeation t oo l .  X+ shut~ld b@ 

vim~ed as a mathtw txderi~ive feasabllL%y stxtdy the 

t n ~ e  of e o ~ u t e r l z a 6  dance no$atLon. As a c ~ e m t l v e  tool 3.t 

a m  be U B ~ %  now$ pmkLculmly 5.n the f b l d  02 ~ ~ d o m  deace 

or f o ~  & ~ d $ h g  the s p a t i d  r e I ~ % i a n s h L p ~  of' p m p h  (prax- 

ernlcs). l?y fm the p r h q  barr5 .e~ towards m~king  th5.s sys- 

tem p r a e t i c d  m a  ~ a l u a b h  cha reog~ap l l e~s  is tha lack of 

a r ea l  t h e  anha t ian  a y ~ t i e m ~  r e f re sh  graphlc~~ T M B  wu~CLd 

a l l w  the riser to see tihe rnot3sm on t ha  computar t o m h d  

~ i k h o u %  havhg  go tbuagb t h o  mduun~ tagk a f  =ha-  

t b n *  ':TZ%h mch c~.pabiXitq %he c o m p ~ t w f  s p o t @ n k l d  83 a 

tool far dance waul6 be rt?aMmxI. 1 l m H ~ ~ e  that the ~333- 
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Table 1 

pÃ‘w p o s i t i o n  
IT---v l o w  
S--s top 
H---help 
Em--.. 
&.-- 

eye 
name 

F---ref ine 
R----reset 
K---- m i r r o r  
B---body pick 

cursor pos i t i on  -&.-...- spin 



Table 2 

Individual Body F a r t s  

HE-he ad 
LS..,.-- leFt shoulder 
RS---- right shoulder 

spine 
LTJA--left; Â ¥ u p ~ a  ana 
RUA---right upper a-ni 
LPA---left fore am 
RPA--r*@fc fore arm 
~j+... left hand 
pa--- - right hand 
LHIP--left hip  
RHIP-right -hip 
LT---- l e f t  thigh 
HI---r igh% thigh 
LC---- left c a l f  
~c---- r ight  ca l f  
-j"JP..-- l ~ f t  f Clot 
m---- right f o o t  

Body P a r t  Groups 



Table 3 

Hajor P o s i t  ions 

EP--high forward 
ERF-high right forward 
HB---hlgh right 
XRB-high right b aclcward 

l e f t  b aclrorard 
EL--high l e f t  
HLP-high l o f t  forward 
PE---place high 

- m i d d l e  forward. 
=---middle right forward 

KB--middle right 
MEB- -middle right 'backward 
m---- middle backyard 
MB---middle left backward 
pgp.--- middle left 
MLP-middle lef-b forward 
LF---- left forward 
LEF-low P ight fon-rard 
LR--aw low right - 
LRB-low right baclorard 
LB----low backward 
LLB---low left backward 
-J'&-...m- low l e f t  
LLF--low l e f t  forward 
PL--place l o w  

Refining Directions 

BIG--high 
LOW-=--- low 
LSF----lef t 
RIG--r ight 
FOR--f orward 
BAG--& ac laard 
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vCCMt=?ELP~-jJv 

C U M H E L P  
,&ZAP 

n ~ s < - r p ~  o + 5  
F O L L O W I N G  I S  A L I S T  O F  COMMANDS AND A B R I E F  E X P L A N A T I Q  
O F  WHAT THEY D O +  TO U S E  A COMMAMD TYPE Z M  THE U M D E R L I H  

L E T T E R  + @ 

POSITION-- - - - - - -PLACES T H E  ASKED F O R  BOUT PART IN O N E  

F 26 fi 

I P O S I B L E  P L A C E S ,  THE POXMTS O F  A 3 B Y  

C U B E  + * 
I MAMES O f  P O S I T I O N S  ARE*'TpMAiJOR-t ' 
@ M--MIDDLEt 
6 H-HIGH ' 
t - L O W  ' 
I - F O R W A R D S '  
I B-BACKWARDS' 

I P-PLACE (THE C E M T E R ) *  

1 L.-LEFT 8 

8 R - - R I G H T  f 

'THE FIRST L. I M  AMY POSITION I S  L O W + @  
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vMAKEAVEC['"JJv 

v MAKEAVEC;COUMT; IMOEKSSXNOEX$L .1  $L2;LI-.l ; L L 2 ? T L X ? * l E $ 1 : ~ I S T ~  
DZST2gMOVEFAC 

t3.2 F S f i V E + 0 4 F 0  
[z] COUMT+I  

[3J ANGVEC+=18 fO 

C41 M O v E v E c +  l.8 3 f 0  
[5"J MOVER:}INI:@EX<-"-l+COUMTx2 

[ 6 3  L 1 & M A T 1 [ I N O E -  ( INXSEX+ l )  $ 3  
C73  w+MATz[ X?4Z1  ̂ ? ( I N D E K + 1 )  9 1 
C83 Ã ‡ - l + ( L 2 E : i  2 3 4 1 - L l d ?  2 3 4 3 )  MOVE 1-1 
[?  J &?-iGVEC(;COUMT3<-Ll ANGFIND L.2 
[ 101 -Ã  ̂ ( 18>COUi*IT+COUNT+1) /MOVER 

MEMAKGVEC+ANGVEC 
[ I 2 3  ANGVEC+AMGVEC+I?*4TNO 

E l 3 3  COUNT<-1 

[14] Ã§COD FOR 5XGM CHECKING^ 
C 3 ' 3  i -OUP~~<0#A&WEC[COUÃˆÃ‡I  ) /DOIT 

~l8>CoUtTr<-CoUMT+I) /LOOP 

C173 -K> 
[I83 D O I T *  S2NDE3:+COUMTX2 

[19J LL1<-MAT1C<"-1+SIMS*E>:)y51HDEX$] 
[20J LL2<"MftT2[( '"J.+SIM&EX)FSINDE>zÂ¥Â 

t211 MOVEFAC<-< l -L2C l?  2 3 43-LL1Cl.S 2 3 4 3 )  
[223 LL. l+MOVEF&C MOVE Ll-1 
~ 2 3 3  MOVEVEC[:COUNT+I<-MOVEFÃ‡ 
[24J T L i M E t .  2 4 ~ L . L H : 2 ? J ? i - L 2 1 : 2 Ã ˆ  

[25] DIS T L I N E  

E26"J Q i S T l + D l  

[273 LL l  R O T L  LL.2 

[ ' 3 8 ' J L L 1 + L L 1  R U T  ANGVEC[COUMT] R L I M E  

C29J TI-IFtE+ 2 4 fLLlC2nyi-L2[2$3 
~ 3 0 3  ztxs TUNE 

[-313 D I S T 2 + D I  

[32J + ( D I S T ~ L E I X ~ T ~ ) / E N D T E : S T  
C333 ANGVECj"COUNTJ+ANGVEC[COUNT] 
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vMOVE r m v 
v 2<-& MOVE 3 

C13 &311= 
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w 

W M U V S P H E R E ~ D J V  

v MOVSPHERE 
EÃˆISBOD 

L-23 D I + E H x 2  

-33  S P H E R E 2 7 Ã ‡ - ( O X y I ~ I y D I  A B S C A L E  SPHERE27 
[4 ]  SpHEREz7&<BUDFC1$ 2 3 43-5F-HERE27[1; 2 3 4 3 )  M O V E  

SPHERE27 

VMREVKEPV 
v P O S l + N R E V  F -OS2  

1 3  B O D Y ( - P O S 2  

[2 J N E X T R A C T  

c33 BODY+HE C A T  SP C A T  RS C A T  L S  C A T  RUA C A T  L U A  C A T  RFA C A T  
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C A T  L C  C A T  R F  C A T  LF 
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[ 6 3  P051< -BODY 
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<?TQp[Q3v 
TOP P I C  

REWESET 

UP 1000 
LOOK 

DRAW PIC 



vTRftNS['J"JV 
qz ?<+.g TRANS g $ j 3 f I 3 $ g  

E l l  B < - - ~ ~ + ( M I V ' ) + M  
C23 f 9 - ( M i  ' / I  )+M 
1:33 M+.ltfZ+-sB 
1:43 I<-1 
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v V I E W [ ~ V  
9 V I E W  3 
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v Z O O M ~ ~ V  

v ZOOM PARMS;COUMT 

[I3 COUMT^-i. 
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MAMY OF- THE PURELY GRAPHIC ROUTINES 
W E R E  WRITTEN BY D A V I D  TOURETZKY AND 
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