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g)  Method  and  apparatus  for  generating  a  set  of  signals  representing  a  curve. 
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Disclosed  is  a  method  and  system  of  encoding  data 
representing  knots  on  an  outline  loop  defined  relative  to  a 
coordinate  plane,  for  producing  a  display  image  of  said 
outline  and  decoding  responsive  to  the  interrelationship  of 
said  knots  on  said  outline  loop,  and  imaging  said  outline 
loop  responsive  to  said  decoded  data  involving  selecting 
sets  of  coordinates  on  said  outline  loop,  to  represent  said 
knots,  establishing  a  successive  order  of  said  knots,  encod- 
ing  said  knots  in  a  data  order  indicative  of  said  knot  order. 
In  the  method  a  complete  information  set  is  encoded  of  data 
indicative  of  the  coordinate  distances  and  interknot  angles 
between  adjacent  knots.  The  relative  positions  of  suc- 
cessive  knots  are  compared  to  at  least  a  first  interknot 
criterion  responsive  to  the  comparing.  When  compared,  the 
method  further  comprises  producing  a  first  indication  that 
a  set  of  said  successive  knots  is  within  said  criterion,  or  ii) 
producing  a  second  indication  that  a  set  of  said  successive 
knots  is  outside  said  criterion,  and  i)  responsive  to  said  first 
indication  imaging  said  outline  loop  in  the  form  of  a  smooth 
continuous  curve,  or  ii)  responsive  to  said  second  indica- 
tion,  imaging  said  outline  loop  in  the  form  of  a  straight  line, 
between  said  set  of  successive  knots.  Further  disclosed  is 
the  encoded  data  representing  the  knots  on  an  outline  defin- 
ed  relative  to  a  coordinate  plane  and  decoded  for  use  in  a 



display  process  to  produce  images  of  said  outlines  repre- 
sented  by  said  encoded  data  involving  selecting  sets  of 
coordinates  on  said  outline,  to  represent  said  knots,  estab- 
lishing  a  successive  order  of  said  knots,  encoding  said  knots 
in  a  data  order  indicative  of  said  knot  order,  by  encoding  a 
complete  information  set  of  data  providing  a  control  code 
indicative  of  either  i)  the  coordinate  locations  of  said  knots 
or  ii)  a  knot's  direction  relative  to  others  of  said  knots  or  iii) 
a  predetermined  shape  of  said  outline  between  a  pair  of 
said  knots  or  iv)  data  indicative  of  the  shape  of  said  outline 
at  a  knot,  or  v)  providing  data  indicative  of  the  coordinate 
distances  between  adjacent  knots  decoding  said  complete 
information  sets  in  a  decoding  order  related  to  said  data 
order,  responsive  to  said  complete  information  set  being 
indicative  of  the  coordinate  distances  between  adjacent 
knots,  producing  an  image  of  a  smooth  continuous  curved 
outline  or  a  straight  line  between  said  adjacent  knots  or 
responsive  to  said  complete  information  sets  being  indica- 
tive  of  a  control  code  as  set  forth  in  i),  ii),  iii),  or  iv),  produc- 
ing  an  image  of  a  smooth  continuous  outline  or  a  straight 
line  according  to  the  said  coordinate  locations  of  said  knots 
relative  to  adjacent  knots  in  said  successive  knot  order  or 
producing  an  image  of  said  outline  being  smooth  at  re- 
spective  knots  or  being  sharp  and  forming  cusps  at  re- 
spective  knots. 



FIELD  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to  t he   f i e l d   of   e n c o d i n g   d a t a  

r e l a t e d   to  a  v a r i a b l e   s i z e   c h a r a c t e r   f o r   a c c e s s   and  d i s p l a y ,  
and  p a r t i c u l a r l y ,   to  t h e   e n c o d i n g   of  d i s p l a y   p o i n t s  
p r o j e c t e d   in  t h e   s h a p e   of  a  c o n t i n u o u s   s m o o t h   c u r v e .   T h e  

f i e l d   of  t h i s   i n v e n t i o n   i s   t h e   f i e l d   of  c h a r a c t e r   and  s y m b o l  

g e n e r a t i o n   w i t h   c o n t i n u o u s   and  s m o o t h   o u t l i n e   c u r v e s .  

DESCRIPTION  OF  THE  PRIOR  ART 

The  p r i o r   a r t   c o n t a i n s   many  e x a m p l e s   of   c h a r a c t e r  

g e n e r a t i n g   m e t h o d s   and  s y s t e m s .   One  s u c h   e x a m p l e   i s  

U . S .   P a t e n t   4 , 8 2 9 , 9 4 7   ( ' 9 4 7 )   w h i c h   g e n e r a t e s   c h a r a c t e r s   f r o m  

a  s i n g l e   e n c o d e d   m a s t e r   b u t   u s e s   s t r a i g h t   l i n e   i n t e r p o l a t i o n  

to  a p p r o x i m a t e   c u r v e s   b e t w e e n   a  s e t   of  g i v e n   p o i n t s .   O t h e r  

e n c o d i n g   s y s t e m s   a r e   shown  in  U . S .   P a t e n t   No.  4 , 2 9 8 , 9 4 5  

( ' 9 4 5 )   and  U . S .   P a t e n t   No.  4 , 1 9 9 , 8 1 5   ( ' 8 1 5 ) > w h i c h   a l s o   s h o w  

a  s y s t e m   of   e n c o d i n g   s t r a i g h t   l i n e s   u s i n g   the   end  p o i n t s   a n d  

t h e n   i n t e r p o l a t i n g   p o i n t s   on  the   l o c u s   of   s t r a i g h t   l i n e s  

b e t w e e n   t h e   end  p o i n t s   and  a b o u t   t he   o u t l i n e   of  a  c h a r a c t e r . ,  

A  f u r t h e r   p a t e n t   is   U . S .   P a t e n t   No.  4 , 3 3 8 , 6 7 3   ( ' 6 7 3 ) ,   w h i c h  

s t o r e s   a  c h a r a c t e r   in  a  s i n g l e   s i z e   by  e n c o d i n g   s t r a i g h t  

l i n e   o u t l i n e s   of   t h e   c h a r a c t e r   and  t h e n   u s e s   t h a t   e n c o d i n g  

to  g e n e r a t e   p o i n t s   a l o n g   s t r a i g h t   l i n e   a p p r o x i m a t i o n s   of  t h e  

o u t l i n e   a t   a  d e s i r e d   s i z e ,   as  in  t h e   ' 9 4 5   p a t e n t   and  t h e  

' 8 1 5   p a t e n t .  

H o w e v e r ,   t h e s e   and  o t h e r   c u r v e   g e n e r a t i o n   t e c h n i q u e s   do 

n o t   use   a  s y s t e m   w h e r e b y   the   c o o r d i n a t e   p o i n t s   on  t h e  

o u t l i n e   of  a  c h a r a c t e r   a r e   e n c o d e d   in  a  s i n g l e   m a s t e r   a n d  

t h e n ,   by  u t i l i z i n g   a  p a r a m e t r i c   c u b i c   e x p r e s s i o n   of  a  s i n g l e  

v a r i a b l e ,   a  s e r i e s   of  s i g n a l s   d e s c r i b i n g   n o d e s   on  the   l o c u s  

of   a  s m o o t h   c o n t i n u o u s   c u r v e   b e t w e e n   t h o s e   p o i n t s ,   a r e  



g e n e r a t e d   f o r   d i s p l a y   of  t he   c h a r a c t e r   a t   any  v a r i a b l e   s i z e .  

P a r a m e t r i c   c u b i c   c u r v e s   a r e   known  and  shown  i n  

" F u n d a m e n t a l s   of   I n t e r a c t i v e   C o m p u t e r   G r a p h i c s " ,   J . D .   F o l e y  

and  A n d r i e s   Van  Dam;  A d d i s o n   W e s l e y ,   R e a d i n g   M a s s ,   1 9 8 2 .  

Shown  t h e r e i n   a r e   p a r a m e t r i c   c u b i c   c u r v e s ,   as  f u n c t i o n s   of  a 

s i n g l e   v a r i a b l e ,   u s e d   to  r e p r e s e n t   c u r v e   s u r f a c e s .  

F u r t h e r ,   TEX  and  METAFONT,  D o n a l d   E.  K n u t h ;   A m e r i c a n  

Math  S o c i e t y ,   D i g i t a l   P r e s s ,   B e d f o r d ,   M a s s a c h u s e t t s ,   1 9 7 9 ,  

s h o w s   t he   use   of   a  p a r a m e t r i c   c u b i c   c u r v e   w h e r e i n ,   g i v e n   t h e  

c o o r d i n a t e   p o s i t i o n s   of  a  s e t   of  end  p o i n t s   and  the   f i r s t  

d e r i v a t i v e   ( s l o p e )   of   a  c u r v e   a t   t h e   end  p o i n t s ,   a  

p a r a m e t r i c   c u b i c   p o l y n o m i a l   (a  f u n c t i o n   of   a  s i n g l e  

p a r a m e t e r   t ) ,   c an   be  u s e d   to  g e n e r a t e   t h e   l o c u s   of   p o i n t s   o n  

a  s m o o t h   c o n t i n u o u s   c u r v e   s e g m e n t   b e t w e e n   t h o s e   end  p o i n t s .  

As  shown  by  K n u t h ,   t h e   l o c u s   of  e a c h   c u r v e   s e g m e n t   d e p e n d s  

on  t h e   l o c a t i o n   of  t he   two  end  p o i n t s   of  t h a t   s e g m e n t ,   f o r  

e x a m p l e ,   Z1  and  Z2,  and  t he   a n g l e   of  t h e   c u r v e   a t   Z 1 ,  
d e t e r m i n e d   by  t h e   l o c a t i o n   of  a d j a c e n t   p o i n t s   ZØ,  Z2  and  Z 3 .  
In  f i t t i n g   t h e   c u r v e   b e t w e e n   two  end  p o i n t s ,   t h e   a n g l e s   a t  

Z1  a n d   Z2  a r e   p r e d e t e r m i n e d   by  K n u t h .   For  e x a m p l e ,   w h e r e  

t h e   c u r v e   is   f rom  ZØ  to  Z1  to  Z2,  K n u t h   a s s u m e s ,   as  a  r u l e ,  

t h e   d i r e c t i o n   t h e   c u r v e   t a k e s   t h r o u g h   Zl  is   t h e   same  as  t h e  

d i r e c t i o n   of  t h e   a r c   of  a  c i r c l e   f rom  ZØ  to  Zl  to  Z 2 -  

H o w e v e r ,   no t   a l l   c u r v e d   o u t l i n e s   w i l l   s a t i s f y   t h i s   r u l e   a n d ,  

in  many  c a s e s ,   K n u t h   r e q u i r e s   a  f u r t h e r   a d a p t a t i o n   of  t h a t  

f o r e g o i n g   p r o c e s s   to  p r o d u c e   t he   d e s i r e d   s h a p e ,   n a m e l y   of  a  

c u r v e   r e p r e s e n t i n g   t h e   a c t u a l   s m o o t h   c u r v e d   o u t l i n e   of  a  

c h a r a c t e r .  

K n u t h ' s   p r o c e s s   s t a r t s   u s i n g   t he   r u l e   d e s c r i b e d   a b o v e  

s p e c i f y i n g   a  c i r c l e   when  f i t t i n g   a  c u r v e   b e t w e e n   t h r e e   g i v e n  

p o i n t s   Z1,  Z2,  Z3.  K n u t h   d o e s   show  t h a t   a  p a r a m e t r i c   c u b i c  



c u r v e   as  a  f u n c t i o n   of  a  s i n g l e   p a r a m e t e r   t ,   as  a l s o   s h o w n  
in  " F u n d a m e n t a l s   of  I n t e r a c t i v e   C o m p u t e r   G r a p h i c s " ,   can  b e  

m o d i f i e d ,   as  shown  on  page   28  of  K n u t h ,   to  i n c l u d e  
" v e l o c i t i e s "   s p e c i f i e d   as  " r "   and  "s"   and  wh ich   a r e  
f u n c t i o n s   of  t he   e n t r a n c e   a n g l e   and  e x i t   a n g l e   of  the   c u r v e  

s e g m e n t   at   t he   g i v e n   end  p o i n t s .   The  v e l o c i t i e s '   v a l u e s  

d e t e r m i n e   how  t h e   r e s u l t i n g   c u r v e   w i l l   v a r y   as  a  f u n c t i o n   o f  

t ,   e i t h e r   s l o w l y   d e s c r i b i n g   a  l o n g e r   c u r v e   d i s t a n c e   or  m o r e  
q u i c k l y   d e s c r i b i n g   a  s h o r t e r   c u r v e   d i s t a n c e .   The  r  a n d   s  
f o r m u l a s   a r e   a r b i t r a r y   and ,   in  t h e   c a s e   shown  by  K n u t h ,   a r e  
c h o s e n   to  p r o v i d e   e x c e l l e n t   a p p r o x i m a t i o n s   to  c i r c l e s   a n d  

e l l i p s e s   when  9  e q u a l s   φ  and  @  +  φ   e q u a l s   90  d e g r e e s .  
A d d i t i o n a l   p r o p e r t i e s   c h o s e n   to  be  s a t i s f i e d   by  K n u t h ' s  

a r b i t r a r y   f o r m u l a s   f o r   r  a n d   s  a r e   f u r t h e r   d e s c r i b e d   in  TEX 
and  METAFONT. 

In  a d d i t i o n   to  K n u t h ' s   i n t e r n a l   r e q u i r e m e n t   to  s p e c i f y  

an  e n t r a n c e   and  e x i t   a n g l e   a t   t he   c u r v e   end  p o i n t s ,   whe re   no 

p r e v i o u s   a n g l e   or  c u r v e   h i s t o r y   is  g i v e n ,   Knu th   a l s o   m u s t  

use   t he   c i r c l e   a p p r o x i m a t i o n   r u l e ,   s p e c i f i e d   a b o v e ,   f o r   e a c h  

of  t he   end  p o i n t s   on  t he   c u r v e .   T h i s   means   t h a t   w h e r e   t h e  

a c t u a l   c u r v e   to  be  g e n e r a t e d   is  no t   a c c u r a t e l y   p r o d u c e d   b y  

t h e   K n u t h   c i r c l e   a p p r o x i m a t i o n ,   an  a d j u s t m e n t   mus t   be  m a d e .  

Knu th   makes   t h i s   a d j u s t m e n t   by  m a n i p u l a t i n g   a d j o i n i n g  

p o i n t s .   For  e x a m p l e ,   w h e r e   t he   c u r v e   is  to  be  f i t   b e t w e e n  

p o i n t s   Z1,  Z2  and  Z3.  Knu th   may  m a n i p u l a t e   t he   l o c a t i o n s   o f  

Z0  or  Zl  or  Z3  or  Z4  to  o b t a i n   an  a c c u r a t e   f i t .   A  f u r t h e r  

p r o b l e m   in  Knu th   o c c u r s   when  t he   s i g n   of  e  i s   t he   same  a s  

the   s i g n   o f  φ   i m p l y i n g   a)  t h e   c u r v e   e n t r a n c e   a n g l e   at   p o i n t  

Z1  is  in  t he   same  q u a d r a n t   as  t he   c u r v e   e x i t   a n g l e   at   Z2,  b)  

a  s i n e   wave  b e t w e e n   Z1  and  Z2  and  c)  an  i n f l e c t i o n   p o i n t .  

K n u t h   mus t   r e s o r t   to  a  m a n i p u l a t i o n   of  p o i n t   l o c a t i o n s   t o  

o b t a i n   a  d e s i r e d   s m o o t h   c u r v e   a r o u n d   the   i n f l e c t i o n   p o i n t .  



In  s u m m a r y ,   t he   p r o c e s s e s   d e s c r i b e d   a b o v e   f o r   p r o d u c i n g  

o u t l i n e s   and  s h o w i n g   t h e   use   of  a  p a r a m e t r i c   c u b i c   c u r v e  

e x p r e s s e d   as  a  p o l y n o m i a l   c a p a b l e   of  g e n e r a t i n g   a  s e r i e s   o f  

p o i n t s   a l o n g   t h e   l o c u s   of  a  c u r v e   b e t w e e n   two  g i v e n   p o i n t s  

can   o n l y   do  so  w i t h   t he   d i s a d v a n t a g e s   n o t e d   a b o v e .   In  t h e  

f o l l o w i n g   summary   of  t h e   i n v e n t i o n ,   t he   m e t h o d   and  s y s t e m  
f o r   u s i n g   a  p a r a m e t r i c   c u b i c   c u r v e   w h i c h   a c c u r a t e l y  

r e p r o d u c e s   a  c u r v e   s e c t i o n   b e t w e e n   g i v e n   p o i n t s   is   shown  a n d  

d e s c r i b e d   and  w h i c h   m e t h o d   and  s y s t e m   a v o i d s   t h e  

d i s a d v a n t a g e s   d i s c u s s e d   a b o v e .  



SUMMARY  OF  THE  INVENTION 

T h i s   i n v e n t i o n   has   as  i t s   o b j e c t   t he   g e n e r a t i o n ,  
e n c o d i n g   and  d i s p l a y   of  a  s e r i e s   of  p o i n t s   ( n o d e s )   a l o n g   t h e  
l o c u s   of  a  c u r v e   s e g m e n t   b e t w e e n   two  g i v e n   end  p o i n t s   w h i c h  

a r e   d e f i n e d   as  " k n o t s " .   I t   has   been   s p e c i f i c a l l y   d e v e l o p e d  
to  g e n e r a t e   t he   l o c u s   of  p o i n t s   ( n o d e s )   a l o n g   t h e   s m o o t h  
c u r v e d   o u t l i n e   of  c h a r a c t e r s   or  s y m b o l s   b e t w e e n   g i v e n   k n o t s  

( i . e . ,   Z a - 1 ,   Za,  Za+1  · · ·   Z n - 1 ,   Zn ) ,   bu t   i t   s h o u l d   b e  
u n d e r s t o o d   t h a t   i t s   use   is   no t   n e c e s s a r i l y   l i m i t e d   to  t h a t  

p u r p o s e   bu t   may  be  u s e d   to  g e n e r a t e   and  d i s p l a y   s m o o t h  
c o n t i n u o u s   c u r v e s   b e t w e e n   any  end  p o i n t s ,   r e g a r d l e s s   of  t h e  

a p p l i c a t i o n .  

In  t he   c a s e   of  t he   a p p l i c a n t ' s   p r e f e r r e d   e m b o d i m e n t ,  
t h e   k n o t s   a r e   c o o r d i n a t e   p o i n t s   a l o n g   t he   o u t l i n e   of  a  

c h a r a c t e r ,   w h i c h   may  be  an  a l p h a n u m e r i c   or  any  o t h e r  

c h a r a c t e r   or  s y m b o l   and  w h i c h   c o o r d i n a t e   p o i n t s   may  b e  

r e p r e s e n t a t i v e   of  a  m a s t e r   s i z e   e n c o d e d   c h a r a c t e r   a t   a  
n o r m a l i z e d   s i z e ,   on  a  d i m e n s i o n l e s s   n o r m a l i z e d   e n c o d i n g  

g r i d .   The  c o o r d i n a t e   p o i n t s   may  be  d e c o d e d   f o r   d i s p l a y   at   a r  

p r e d e t e r m i n e d   n o r m a l i z e d   d i s p l a y   s i z e   or  a t   an  e x p a n d e d   o r  

r e d u c e d   s i z e .   The  k n o t s   may  be  a l o n g   any  o u t l i n e   or  s u r f a c e  

w h e t h e r   two  or  t h r e e   d i m e n s i o n a l ,   a l t h o u g h   the   a p p l i c a n t ' s  

p r e f e r r e d   e m b o d i m e n t   is  shown  in  a  t w o - d i m e n s i o n a l   model   f o r  

use   in  s m o o t h   c o n t i n u o u s   c u r v e   g e n e r a t i o n .   U s i n g   t he   m e t h o d  

and  s y s t e m   of  a p p l i c a n t ,   t he   n o d e s   a l o n g   a  t w o - d i m e n s i o n a l  

c u r v e   or  t h r e e - d i m e n s i o n a l   s u r f a c e   l o c u s   may  be  g e n e r a t e d .  

The  s y s t e m   shown  h e r e i n   g e n e r a t e s   t he   n o d e s   u s i n g   t h e  

e n c o d e d   k n o t   p o s i t i o n s   and  t he   s l o p e s   of  the   c u r v e   at  t h e  

k n o t s .   The  p r o c e s s   g e n e r a t e s   s i g n a l s   r e p r e s e n t i n g   t h e  

n o d e s '   c o o r d i n a t e   v a l u e s   and  is  b a s e d   upon  t he   l e n g t h   (Z) 

b e t w e e n   t he   k n o t s   and  t he   a n g u l a r   i n t e r r e l a t i o n s h i p   (B)  o f  

e a c h   of  t he   k n o t s   w i t h   r e s p e c t   to  a  r e f e r e n c e   a n g l e   on  t h e  



e n c o d i n g   g r i d .  

In  t he   p r e f e r r e d   e m b o d i m e n t ,   t he   k n o t s '   c o o r d i n a t e s   a r e  
e n c o d e d   in  a  c l o s e d   d a t a   l o o p   and  r e p r e s e n t   d i m e n s i o n l e s s  

c o o r d i n a t e s   a b o u t   t he   c l o s e d   o u t l i n e   l o o p   of  t he   c h a r a c t e r  

or  s y m b o l .   The  m e t h o d   d e s c r i b e d   h e r e i n   e n t e r s   t he   c l o s e d  

d a t a   l o o p   a t   a  s e t   of  e n c o d e d   c o o r d i n a t e s   r e p r e s e n t i n g   a  
k n o t   on  t h e   c l o s e d   o u t l i n e   l o o p   and  i n i t i a t e s   the   n o d e  

g e n e r a t i n g   p r o c e s s   by  u s i n g   the   a n g u l a r   i n t e r r e l a t i o n s h i p s  
of  t he   k n o t s   a b o u t   t h a t   e n t r y   k n o t .   H o w e v e r ,   o t h e r   m e t h o d s  

may  be  u sed   to  i n i t i a t e   t he   p r o c e s s   w i t h o u t   d e p a r t i n g   f r o m  

t h e   i n v e n t i v e   c o n c e p t .   In  a p p l i c a n t ' s   p r e f e r r e d   e m b o d i m e n t ,  

once   h a v i n g   e n t e r e d   t h e   e n c o d e d   c l o s e d   d a t a   l o o p ,   t h e  

a n a l y s i s   may  p r o c e e d   in  a  c l o c k w i s e   or  c o u n t e r c l o c k w i s e  

d i r e c t i o n   a r o u n d   the   c l o s e d   d a t a   l o o p .  

I t   s h o u l d   be  u n d e r s t o o d   t h a t   t he   p r i n c i p l e s   of  t h i s  

i n v e n t i o n   a r e   no t   l i m i t e d   to  a  c l o s e d   o u t l i n e   l o o p   or  c l o s e d  

d a t a   l o o p ,   b u t   may  be  a p p l i e d   to  open   o u t l i n e   l o o p s   and  t o  

open   d a t a   l o o p s .  

The  p r o c e s s   may  be  u sed   to  g e n e r a t e   e i t h e r   a  s m o o t h  

c o n t i n u o u s   c u r v e   b e t w e e n   t h e   k n o t s   or  some  o t h e r   form  o f  

c u r v e ,   f o r m i n g   a  c u s p   a t   a  k n o t   f o r   e x a m p l e ,   and  w h i c h  

a l t h o u g h   c o n t i n u o u s ,   i t   is  no t   s m o o t h   a t   a l l   l o c a t i o n s   b u t  

a n g u l a r ,  a s   in  t h e   s h a p e   of  a  "K"  or  8G. .   In  t he   p r e f e r r e d  

e m b o d i m e n t   of  t h e   i n v e n t i o n ,   t he   s e l e c t i o n   of  a  s m o o t h  

c o n t i n u o u s   c u r v e   or  m e r e l y   a  c o n t i n u o u s   c u r v e ,   h a v i n g   a  c u s p  
f o r   e x a m p l e ,   is  made  u s i n g   s t o r e d   r u l e s   w h i c h   s e r v e   a s  

d e f a u l t   command  c o d e s   w h i c h   use  t he   i n t e r k n o t   a n g l e s   f o r m e d  

b e t w e e n   t h e   k n o t s ,   and  t he   d i s t a n c e   b e t w e e n   t he   k n o t s   t o  

p r o d u c e   a  d e s i r e d   r e s u l t .   For  e x a m p l e ,   w h e r e   t he   a n g l e  

f o r m e d   by  two  k n o t s   is  in  e x c e s s   of  a  p r e d e t e r m i n e d  

t h r e s h o l d   a n g l e ,   a  d e f a u l t   command  code   may  d i r e c t   t h a t   a  



c u s p   be  f o r m e d .   O t h e r   r u l e s   such   as  o v e r r i d e   c o n t r o l   c o d e s  

may  be  s i m i l a r l y   used   to  f o r c e   a  c u s p   or  s m o o t h   c u r v e ,  

r e g a r d l e s s   of  t he   t h r e s h o l d   c o n d i t i o n s   and  w h i c h   may  b e  

e n c o d e d   in  t he   c l o s e d   d a t a   l o o p   to  o v e r r i d e   t h e   d e f a u l t  

command  c o d e s   as  e x p l a i n e d   b e l o w .  

A s s u m i n g ,   f o r   t he   p u r p o s e   of  e x p l a i n i n g   t h e   i n v e n t i o n ,  
i t   is  d e s i r e d   to  c o n n e c t   a l l   k n o t s   in  t he   c l o s e d   o u t l i n e  

l o o p   w i t h   s m o o t h   c o n t i n u o u s   c u r v e s ,   t he   a n g l e s   f o r m e d  

b e t w e e n   an  e n t r a n c e   k n o t   a t   w h i c h   the   r e p r e s e n t a t i v e   e n c o d e d  

d a t a   l o o p   is   e n t e r e d   and  t he   f i r s t   and  s e c o n d   s u c c e s s i v e  

k n o t s   t h e r e t o   in  a  c h o s e n   p r o g r e s s i o n   of  k n o t s   in  t he   c l o s e d  

o u t l i n e   l o o p   a r e   a v e r a g e d   to  p r o d u c e   a v e r a g e   a n g l e   v a l u e s .  

As  t h e   c u r v e   f o r m e d   b e t w e e n   k n o t s   i s  a   c o n t i n u a t i o n   of  a  

c u r v e   w h i c h " e n t e r s   a t   t h e   f i r s t   of  t he   k n o t s   ( Z a ) ,   and  w h i c h  

e x i s t s   at   s u c c e s s i v e   or  a t   a  s e c o n d   of  t he   k n o t s   ( Z a + 1 ) ,   t h e  

t a n g e n t   a n g l e s   of  t he   c u r v e ,   w h i c h   a r e   t he   e n t r a n c e   a n g l e   a t  

t h e   f i r s t   k n o t   and  e x i t   a n g l e   a t   t he   s e c o n d   k n o t   can  b e  

s p e c i f i e d   as  a v e r a g e   a n g l e s .   The  a n a l y s i s   c o n t i n u e s   b y  

p r o c e e d i n g   a r o u n d   t he   c l o s e d   o u t l i n e   l o o p   in  t he   e s t a b l i s h e d  

p r o g r e s s i o n   o f  k n o t s   and  t he   o r d e r   t h e r e o f   of  the   k n o t s   a n d  

e x a m i n i n g   t h e   a n g l e s   f o r m e d   b e t w e e n   the   k n o t s   as  d e s c r i b e d  

a b o v e .  

As  t he   k n o t s   form  a  m a s t e r   s k e l e t a l   o u t l i n e   of  t h e  

c h a r a c t e r   or  s y m b o l   when  j u x t a p o s e d   on  a  d i m e n s i o n l e s s  

e n c o d i n g   g r i d ,   a r r a n g e d   a t   a  n o r m a l i z e d   s i z e ,   t he   k n o t s   may 

be  r o t a t e d   or  s c a l e d   r e l a t i v e   to  s u c h   a  n o r m a l i z e d   e n c o d i n g  

g r i d .   Once  t he   m a s t e r   e n c o d e d   c h a r a c t e r   or  symbo l   ( m a s t e r  

e n c o d e d   c h a r a c t e r )   is   s c a l e d   and  p o s i t i o n e d   as  d e s i r e d ,   t h e n  

t h e   a n a l y s i s   d e s c r i b e d   a b o v e ,   may  c o n t i n u e   w h e r e i n   a)  t h e  

e n c o d e d   c l o s e d   d a t a   l o o p   of  k n o t s   in  t he   c l o s e d   o u t l i n e   l o o p  

i s   e n t e r e d   a t   a  f i r s t   s e t   of  c o o r d i n a t e s   r e p r e s e n t i n g   a  

f i r s t   k n o t ,   b)  t he   a n g u l a r   and  s p a c i a l   r e l a t i o n s h i p s   of  t h e  



k n o t s   on  t he   n o r m a l i z e d   e n c o d i n g   g r i d   a r e   d e t e r m i n e d ,   u s i n g  
t h e   r e p r e s e n t a t i v e   e n c o d e d   d a t a   and  c)  f o r   e a c h   s e t   of  k n o t s  

a l o n g   t he   c l o s e d   o u t l i n e   l o o p ,   a s s u m i n g   t h a t   e ach   k n o t   is  t o  
be  c o n n e c t e d   by  a  c o n t i n u a t i o n   of  a  s m o o t h   c u r v e ,   t h e  

a v e r a g e   a n g l e s   of  t he   r e s p e c t i v e   c u r v e   s e g m e n t s   e n t e r i n g   a n d  

e x i t i n g   the   r e s p e c t i v e   k n o t s   a re   d e t e r m i n e d .   Where  a  s m o o t h  
c o n t i n u o u s   c u r v e   is   d e s i r e d ,   t h e n   t he   e n t r a n c e   a n g l e   of  t h e  

c u r v e   s e g m e n t   a t   a  k n o t   would   n o r m a l l y   be  t he   same  as  t h e  
e x i t   a n g l e   of  t he   c u r v e   f rom  t h a t   same  k n o t .  

By  u s i n g   t h e   f o r e g o i n g   m e t h o d   of  a n a l y s i s ,   n a m e l y ,  
d e t e r m i n i n g   t h e   a v e r a g e   a n g l e s   made  by  the   c u r v e   p a s s i n g  

t h r o u g h   t h e   k n o t s ,   and  u s i n g   t h o s e   a v e r a g e   a n g l e s   t o  

r e p r e s e n t   t he   s l o p e   of  t he   t a n g e n t s   to  t he   p a r t i c u l a r   c u r v e  

s e g m e n t   a t   t he   r e s p e c t i v e   k n o t s ,   t he   d i s a d v a n t a g e s   shown  i n  

t h e   p r i o r   a r t   a r e   o v e r c o m e .  

In  p a r t i c u l a r ,   in  t h i s   i n v e n t i v e   c o n c e p t ,   t h e r e   is  no  
need   to  d e f i n e   a  c i r c l e   b e t w e e n   t h e   k n o t s   and  t h e n   c o m p u t e  
t h e   l o c u s   of  n o d e s   on  t he   c i r c l e   as  K n u t h   d o e s .   A  f a s t e r  

p r o c e s s   r e s u l t s   u s i n g   t h i s   i n v e n t i o n   w h i c h   r e q u i r e s   o n l y   t h e  

i n t e r k n o t   a n g l e s   of  t he   k n o t s   r e l a t i v e   to  each   o t h e r   and  t o  

a  r e f e r e n c e   a n g l e   be  known.   The  p r o c e s s   as  s t a t e d   a b o v e ,  

u s e s   a  p a r a m e t r i c   c u b i c   p o l y n o m i a l   r e l a t i o n s h i p   of  a  s i n g l e  
v a r i a b l e   t  to  g e n e r a t e   s i g n a l s   or  d a t a ,   i n d i c a t i v e   of  a n d  

r e p r e s e n t i n g   the   c o o r d i n a t e s   of  n o d e s   on  t he   l o c u s   of  a  

s m o o t h   c o n t i n u o u s   c u r v e   s e g m e n t   b e t w e e n   s e t s   of  r e s p e c t i v e  

k n o t s .   Where  a  g r e a t e r   r e s o l u t i o n   and  g r e a t e r   number   o f  

n o d e s   is   n e e d e d   to  d e s c r i b e   t he   l o c u s ,   t h e n   t he   i n c r e m e n t a l  

v a l u e   of  the   p a r a m e t e r   t ,   may  be  d e c r e a s e d   p r o v i d i n g   a  

g r e a t e r   number   of  d i s c r e t e   c u m u l a t i v e   v a l u e s   of  t  and  n o d e  

c o o r d i n a t e s .   Where  l e s s   r e s o l u t i o n   and  f e w e r   n o d e s   a r e  

n e e d e d   to  d e f i n e   t he   l o c u s ,   t h e n   the   i n c r e m e n t a l   v a l u e   of  t  

can  be  e n l a r g e d ,   p r o d u c i n g   f e w e r   d i s c r e t e   c u m u l a t i v e   v a l u e s  



of  t  and  n o d e s .  

In  t he   p r e f e r r e d   e m b o d i m e n t ,   t he   d i m e n s i o n l e s s  

n o r m a l i z e d   m a s t e r   e n c o d i n g   g r i d   r e p r e s e n t s   an  EM  S q u a r e   (M2) 

of  864  by  864  D i m e n s i o n l e s s   R e s o l u t i o n   U n i t s   (DRU's)   in  e a c h  
of  t he   X,  Y  a x e s .   The  M2  i s   a  m e a s u r e   u sed   in  t h e  

t y p e s e t t i n g   t r a d e   w h e r e i n   a  c h a r a c t e r   is  s e t   w i t h i n   an  M2 

and  is   shown  h e r e i n   in  a  m a n n e r   c o n s i s t e n t   w i t h   t h e  

a p p l i c a t i o n   of  t he   i n v e n t i v e   p r i n c i p l e s   in  t he   p r e f e r r e d  

e m b o d i m e n t .   When  t h e   m a s t e r   e n c o d e d   c h a r a c t e r   is  to  b e  

d i s p l a y e d ,   t he   m a s t e r   e n c o d e d   c h a r a c t e r ,   a t   a  n o r m a l i z e d  

s i z e   on  t h e   n o r m a l i z e d   e n c o d i n g   g r i d   is   s c a l e d ,   t he   k n o t  

c o o r d i n a t e   p o s i t i o n s   at   t h e   s c a l e d   s i z e   a r e   e n c o d e d   a n d  

e x p r e s s e d   in  t h e   a p p r o p r i a t e   d i s p l a y   i n t e r c e p t   u n i t s   such   a s  

R a s t e r   R e s o l u t i o n   U n i t s   ( R R U ' s ) .   T h e s e   s c a l e d   e n c o d e d   k n o t s  

in  t h e   p r e f e r r e d   e m b o d i m e n t   a r e   e x p r e s s e d   in  t e r m s   of  t h e  

d i s p l a y   RRU's  and  used   to  d e t e r m i n e   the   i n c r e m e n t a l   v a l u e   o f  

t .   The  i n c r e m e n t a l   v a l u e   of  t  is  u sed   to  g e n e r a t e   d i s c r e t e  

c u m u l a t i v e   v a l u e s   of  t  w h i c h  a r e   t h e n   a p p l i e d   to  t he   c u b i c  

p a r a m e t r i c   p o l y n o m i a l   to  g e n e r a t e   t he   node  c o o r d i n a t e s .  

Then  t h r o u g h   the   c u b i c   p a r a m e t r i c   p o l y n o m i a l   r e l a t i o n s h i p , ! '  

s i g n a l s   i n d i c a t i v e   of  t he   c o o r d i n a t e s   of  t he   n o d e s   a r e  

g e n e r a t e d   and  s t o r e d   as  d a t a .   As  d e f i n e d   by  a  p a r a m e t r i c  

e x p r e s s i o n   of  a  s i n g l e   p a r a m e t e r   t ,   the   r e s u l t a n t   n o d e ' s   x ,  

y  c o o r d i n a t e   v a l u e s   (X  or  Y  a r e   t he   a x i a l   d i r e c t i o n s   in  t h e  

p r e f e r r e d   e m b o d i m e n t ) ,   v a r y   s e p a r a t e l y   as  s e p a r a t e   f u n c t i o n s  

of  t  [ i . e .   x ( t ) ,   y ( t ) ] .   At  t he   s c a l e d   s i z e ,   t h e  

i n c r e m e n t a l   v a l u e   of  t  may  be  r e l a t e d   to  t h e   r e c i p r o c a l   o f  

t h e   d i s t a n c e   b e t w e e n   k n o t s   e x p r e s s e d   in  RRU's  ( i . e .   Z d  Z  

I  Z n - Z n - 1  I   )  or  any  o t h e r   s u i t a b l e   m e t h o d   may  be  used   t o  

p r o d u c e   a  v a l u e   of  t .   V a l u e s   r e p r e s e n t i n g   t h e   n o d e  

c o o r d i n a t e s   a r e   t h e n   g e n e r a t e d   u s i n g   t h e s e   i n c r e m e n t a l  

v a l u e s   of  t ,   e a c h   v a l u e   b e i n g   a d d e d ,   to  t he   p r e v i o u s  

c u m u l a t i v e   v a l u e s   ( w i t h   t he   s e c o n d   i n c r e m e n t a l   v a l u e   of  t  



b e i n g   added   to  t he   f i r s t   i n c r e m e n t a l   v a l u e   of  t  and  t h e  

t h i r d   i n c r e m e n t a l   v a l u e   of  t  b e i n g   added   to  t h e   p r e v i o u s  
c u m u l a t i v e   v a l u e   of  t  and  so  o n ) .   In  t h e   p r e f e r r e d  

e m b o d i m e n t ,   t he   v a l u e   of  t  i s   s e t   to  v a r y   f r o m  0   to  1 .  

The  r e s u l t i n g   s e r i e s   of  s i g n a l s ,   s t o r e d   as  e n c o d e d  

d a t a ,   r e p r e s e n t   k n o t s   and  n o d e s   w h i c h   d e f i n e   t h e   l o c u s   o f  
t h e   s m o o t h   c o n t i n u o u s   c u r v e   b e t w e e n   t h e   k n o t s   and  t h e  

o u t l i n e   of  t h e   c h a r a c t e r   or  s y m b o l   i s   a  m a c h i n e   p a r t  

u l t i m a t e l y   u sed   to  c o n t r o l   or  m o d u l a t e   a  d i s p l a y   to  form  t h e  

d e s i r e d   c h a r a c t e r   or  symbo l   a t   t h e   d e s i r e d   s i z e ,   in  a  v i s u a l  

i m a g e .   The  r e s u l t a n t   d a t a   may  be  run   l e n g t h   d a t a ,   w h i c h   i s  

a p p l i e d   d i r e c t l y   to  a  r a s t e r   beam,   to  p o s i t i o n   t he   beam  a n d  

e n e r g i z e   t he   beam  a c c o r d i n g l y ,   or  may  be  used   to  c o n t r o l   a  
f r e e   r u n n i n g   r a s t e r .   I n t e r p o l a t i o n ,   r o u n d i n g   or  t r u n c a t i n g  
of  v a l u e   may  be  u s e d   to  l o c a t e   t h e   n o d e s   on  t h e   d i s p l a y  

i n t e r c e p t s   c o r r e s p o n d i n g   to  t he   r a s t e r   l i n e   l o c a t i o n s ,   w h e r e  

e x a c t   c o i n c i d e n c e   i s   l a c k i n g .  

As  p r e v i o u s l y   s t a t e d ,   as  c h a r a c t e r s   or  s y m b o l s   a r e   n o t  

a l w a y s  s m o o t h   c u r v e s   b u t   may  c o n t a i n   c u s p s ,   a  t h r e s h o l d   t e s t :  

may  be  u s e d ,   s u c h   as  one  b a s e d   on  t he   e x t e r i o r   a n g l e   f o r m e d  

by  l i n e s   b e t w e e n   k n o t s .   Where  t h a t   e x t e r i o r   a n g l e   a t   a  k n o t  

i s   g r e a t e r   t h a n   a  p r e d e t e r m i n e d   t h r e s h o l d   a n g l e ,   f o r  

e x a m p l e ,   a  c u s p   may  be  a s s u m e d .   I t   b e i n g   u n d e r s t o o d ,  

h o w e v e r ,   t h a t   i f   t he   e x t e r i o r   a n g l e   is   l e s s   t h a n   t h e  

t h r e s h o l d   a n g l e ,   t he   a n a l y s i s   p r e v i o u s l y   d e s c r i b e d   w i t h  

r e g a r d   fo r   p r o d u c i n g   a  l o c u s   of  n o d e s   to  d e f i n e   a  s m o o t h  

c o n t i n u o u s   c u r v e s   would   be  u s e d .  

In  t he   p r e f e r r e d   e m b o d i m e n t ,   the   m a s t e r   e n c o d i n g   g r i d  

i s   a  C a r t e s i a n   c o o r d i n a t e   s y s t e m .   As  t h e   p r e f e r r e d  

e m b o d i m e n t   is  u s e d   in  t y p e s e t t i n g ,   t he   e n c o d i n g   g r i d  

r e l a t i v e   to  w h i c h   the   c h a r a c t e r   is   e n c o d e d   is  s e t   w i t h i n   a n  



M2,  w h i c h   in  t he   p r e f e r r e d   e m b o d i m e n t   c o n t a i n s   864  by  8 6 4  

D i m e n s i o n l e s s   R e s o l u t i o n   U n i t s   ( D R U ' s ) .   The  m a s t e r   e n c o d e d  

c h a r a c t e r ,   a t   i t s   n o r m a l   s i z e   is   s e t   o v e r   a  p o r t i o n   of  t h e  

a v a i l a b l e   n o r m a l i z e d   e n c o d i n g   g r i d   a r e a   of  t he   M2.  As  i s  

known  in  t he   t y p e s e t t i n g   f i e l d ,   e x p a n s i o n   a r e a s   in  the   M2 

a r e   a l s o   p r o v i d e d   f o r   l a r g e   s i z e   c h a r a c t e r s .   The  c h a r a c t e r  

may  be  s c a l e d ,   r o t a t e d   or  p r o j e c t e d   by  o r d i n a r y   k n o w n  

t e c h n i q u e s   and  new  c o o r d i n a t e s   f o r   t he   k n o t s   may  b e  

d e t e r m i n e d   a c c o r d i n g l y ,   as  is  known  in  t h e   a r t .   In  t h e  

p r e f e r r e d   e m b o d i m e n t ,   t h e   s c a l i n g   i s   done   in  i n c r e m e n t s   o f  

1 / 1 8 2 4   D R U ' s .   The  new  c o o r d i n a t e   l o c a t i o n s   of  t he   k n o t s   f o r  

t h e   c h a r a c t e r   a t   i t s   s c a l e d ,   r o t a t e d   or  p r o j e c t e d   p o s i t i o n s  

a r e   d e t e r m i n e d .   As  o n l y   i n t e g e r s   a r e   u sed   in  t he   p r e f e r r e d  

e m b o d i m e n t ,   any  f r a c t i o n   or  e q u i v a l e n t   t h e r e o f   is  d i s c a r d e d .  

In  t he   p r o c e s s ,   t he   p e r c e n t   of  r e d u c t i o n   or  e n l a r g e m e n t   i s  

f i r s t   c a l c u l a t e d   in  r e l a t i o n   to  a  d e s i r e d   c h a r a c t e r   s i z e   i n  

u n i t s   of  t y p e s e t t e r ' s   p o i n t s .   The  p r e c i s i o n   of  t he   s c a l i n g  

i s   i n c r e a s e d   by  an  a u t o s c a l i n g   l i n e a r   i n t e r p o l a t i o n  

i n c r e a s e i n g   the   r e s o l u t i o n   of  t he   l i n e a r   i n t e r p o l a t i o n ,   a s  

e x p l a i n e d   b e l o w .   The  r e s u l t   is  a  s c a l e d   c o o r d i n a t e   p o i n t   i n  

RRU's   w i t h o u t   t he   need   to  u t i l i z e   f l o a t i n g   p o i n t  a r i t h m e t i c .  

In  t h e   p r e f e r r e d   e m b o d i m e n t   and  as  s t a t e d   a b o v e ,  

o v e r r i d e   c o n t r o l   c o d e s   a r e   a c c e s s e d   r e s p o n s i v e   to  d a t a  

s t o r e d   w i t h   t he   s t o r e d   k n o t   c o o r d i n a t e s   to  r e d u c e   s t o r a g e  

and  the   p r o c e s s i n g   t i m e .  

The  code   0  i s   used   to  i n d i c a t e   t he   end  of  a l l   t h e  

l o o p s .  

A  code   1  is  u sed   to  i n d i c a t e   t he   m o v e m e n t   in  a  

r e l a t i v e l y   l o n g   d i r e c t i o n   on  an  a x i s ,   f o r   e x a m p l e ,   the   X 

a x i s .   In  t h i s   c a s e ,   an  X  v a l u e   is   r e p l a c e d   w i t h   a  new  X 

c o o r d i n a t e   v a l u e .  



The  code   2  i n d i c a t e s   t he   same  p r o c e s s   as  a  code   1  f o r  

a n o t h e r   a x i s ,   fo r   e x a m p l e ,   t he   Y  a x i s   d i r e c t i o n ,   w h e r e   t he   Y 

v a l u e   is   r e p l a c e d   w i t h   a  new  Y  c o o r d i n a t e   v a l u e .  

A  code   3,  as  in  c o d e s   1  and  2,  i n d i c a t e s   X  and  Y  a r e  

b o t h   r e p l a c e d   w i t h   new  c o o r d i n a t e   v a l u e s .  

A  c o d e  4   i n d i c a t e s   t he   f i n i s h   of  a  p r e v i o u s   e n c o d e d  

l o o p   and  the   s t a r t   of  a  new  l o o p .  

Codes   5,  6  and  7  i n d i c a t e   t h a t   t h e   X,Y  or  XY  d i r e c t i o n s  

a r e   r e s p e c t i v e l y   a l t e r e d .  

Codes   8  to  11  a r e   e d i t i n g   commands   f o r c i n g  

p r e d e t e r m i n e d   c o n d i t i o n s   f o r   t he   c u r v e   a t   t h e   r e s p e c t i v e  

k n o t s   as  w i l l   be  d e s c r i b e d .  

The  k n o t s   may  be  e n c o d e d   in  t h e   c l o s e d   d a t a   l o o p   on  a  

4 - b i t   memory  b o u n d r y   ( n i b b l e )   and  in  t he   p r e f e r r e d  

e m b o d i m e n t ,   t he   f i r s t   n i b b l e   v a l u e   of  a  c o m p l e t e   i n f o r m a t i o n  

s e t   of  n i b b l e s   is   used   to  s p e c i f y   t he   number   of  n i b b l e s   u s e d  

in  t h e   c o m p l e t e   i n f o r m a t i o n   s e t .  

A d d i t i o n a l l y ,   t he   d a t a   is   p a c k e d   in  a  n o v e l   m a n n e r  

w h i c h   can  be  i n t e r p r e t e d   as  s p a c i a l   i n f o r m a t i o n   or  c o n t r o l  

c o d e s ,   as  w i l l   be  e x p l a i n e d .  

In  s u m m a r y ,   t he   i n v e n t i v e   c o n c e p t   i s   a  p r o c e s s   a n d  

s y s t e m   f o r   t r a n s f o r m i n g   a  m a c h i n e   p a r t ,   in  t he   form  o f  

s i g n a l s ,   e n c o d e d   as  d a t a   and  r e p r e s e n t i n g   a  p a t t e r n   of  k n o t s  

on  t h e   o u t l i n e   of  a  m a s t e r   s i z e   s y m b o l ,   i n t o   a  s i m i l a r  

p a t t e r n   a t   a  r e d u c e d   or  e n l a r g e d   s i z e   or  t r a n s p o s e d   i n  

s p a c e ,   by  g e n e r a t i n g   a  s e r i e s   of  e n c o d e d   d a t a   s i g n a l s  

r e p r e s e n t i n g   n o d e s   w h i c h   more  d e f i n i t e l y   d e f i n e   the   s a i d  



p a t t e r n   in  t he   s h a p e   of  smoo th   c o n t i n u o u s   c u r v e s   or  c u s p s  
and  w h i c h   d a t a   s i g n a l s   may  be  d i r e c t l y   used   to  c o n t r o l   a  
d i s p l a y   p r o c e s s   to  v i s u a l l y   d i s p l a y   the   p a t t e r n .  

A c c o r d i n g l y ,   wha t   is  d i s c l o s e d   is  a  m e t h o d   and  s y s t e m  
f o r   g e n e r a t i n g   a  s e r i e s   of  s i g n a l s   r e p r e s e n t i n g   n o d e s   on  a  
l o c u s   of  a  c u r v e   p a r t i a l l y   d e f i n e d   by  a  s e t   of  r e l a t e d  

k n o t s ,   e n c o d e d   as  d a t a ,   w i t h   s a i d   k n o t s   d e f i n i n g   the   e n d  

p o i n t s   of  r e s p e c t i v e   s e g m e n t s   of  s a i d   c u r v e   l o c u s   and  w i t h  

s a i d   k n o t s   b e i n g   in  a  s u c c e s s i v e   o r d e r   in  r e l a t i o n   to  s a i d  

l o c u s ,   and  f o r   e n c o d i n g   s a i d   node  s i g n a l s   as  d a t a   f o r   u s e  
when  r e p r e s e n t i n g   s a i d   c u r v e   s e g m e n t s   in  a  s e p a r a t e  
a d d i t i o n a l   p r o c e s s   r e s p o n s i v e   to  t he   s h a p e   of  s a i d   c u r v e  

l o c u s ,   as  r e p r e s e n t e d   by  s a i d   e n c o d e d   node  s i g n a l s .   T h e  

m e t h o d   and  s y s t e m   i n v o l v e   d e f i n i n g   the   l o c a t i o n s   and  t h e  

s u c c e s s i v e   o r d e r   of  s a i d   k n o t s   on  s a i d   c u r v e   l o c u s   a n d  

e n c o d i n g   as  d a t a ,   s i g n a l s   i n d i c a t i v e   of  s a i d   k n o t s ,   t h e n   f o r  

a  f i r s t   k n o t ,   ( 2 a ) ,   r e p r e s e n t i n g   a  f i r s t   end  p o i n t   of  a  
f i r s t   c u r v e   s e g m e n t ,   d e r i v i n g   a  f i r s t   a n g l e ,   i n d i c a t i v e   o f  

t h e   a v e r a g e   of  t he   i n t e r k n o t   a n g l e s   b e t w e e n   s a i d  f i r s t   k n o t  

( Z a ) ,   and  s e l e c t e d   r e l a t e d   k n o t s   and  e n c o d i n g   as  d a t a ,  

s i g n a l s   i n d i c a t i v e   of  s a i d   f i r s t   a n g l e ,   at   a  s e c o n d   of  s a i d  

k n o t s   ( Z b ) ,   r e p r e s e n t i n g   a  s e c o n d   end  p o i n t   of  s a i d   f i r s t  

c u r v e   s e g m e n t ,   e s t a b l i s h i n g   a  s e c o n d   a n g l e   fo r   s a i d   f i r s t  

c u r v e   s e g m e n t ,   and  e n c o d i n g   as  d a t a ,   s i g n a l s   i n d i c a t i v e   o f  

s a i d   s e c o n d   a n g l e ,   e s t a b l i s h i n g   a  c o m p i l e r   fo r   c o m p i l i n g  

d a t a   a c c o r d i n g   to  a  c u b i c   p a r a m e t r i c   p o l y n o m i a l   r e l a t i o n s h i p  

b e t w e e n   a  p a r a m e t e r   " t " ,   s a i d   k n o t s   and  a n g l e s   a t   the   s a i d  

end  p o i n t s   of  a  s a i d   c u r v e   s e g m e n t   and  the   l o c u s   of  a  s a i d  

c u r v e   s e g m e n t ,   e s t a b l i s h i n g   a  r a n g e   .R8  of  v a l u e s   fo r   s a i d  

p a r a m e t e r   " t " ,   a p p l y i n g   s a i d   s i g n a l s   i n d i c a t i v e   of  the   s a i d  

l o c a t i o n s   of  s a i d   f i r s t   and  s e c o n d   k n o t s   of  s a i d   f i r s t   c u r v e  

s e g m e n t ,   to  s a i d   c o m p i l e r ,   a p p l y i n g   s a i d   s i g n a l s   i n d i c a t i v e  

of  t he   s a i d   f i r s t   and  s e c o n d   a n g l e s   of  s a i d   f i r s t   c u r v e  



s e g m e n t  t o   s a i d   c o m p i l e r ,   a p p l y i n g   a  s i g n a l   i n d i c a t i v e   of  a 
d i s t i n c t   s e l e c t e d   v a l u e   of  s a i d   p a r a m e t e r   " t "   w i t h i n   s a i d  

r a n g e   "R" ,   to  s a i d   c o m p i l e r   to  d e r i v e   a  s i g n a l   i n d i c a t i v e   o f  

a  r e s p e c t i v e   node   l o c a t i o n   on  s a i d   f i r s t   c u r v e   s e g m e n t ,  

r e p e a t i n g   t h e   a b o v e   by  a p p l y i n g   s i g n a l s   i n d i c a t i v e   o f  

a d d i t i o n a l   d i s t i n c t   s e l e c t e d   v a l u e s   of  s a i d   p a r a m e t e r   " t " ,  

w i t h i n   s a i d   r a n g e   .R8 ,   to  d e r i v e   a  p l u r a l i t y   of  s i g n a l s  

i n d i c a t i v e   of  r e s p e c t i v e   node   l o c a t i o n s   on  s a i d   l o c u s   o f  

s a i d   f i r s t   c u r v e  s e g m e n t   f o r   r e s p e c t i v e   d i s t i n c t   s e l e c t e d  

v a l u e s   of  s a i d   p a r a m e t e r   " t " ,   and  e n c o d i n g   s a i d   s i g n a l s  

d e r i v e d   in  s t e p   h)  and  i ) ,   in  a  d a t a   b a s e   to  r e p r e s e n t   s a i d  

f i r s t   c u r v e   s e g m e n t .  

F u r t h e r   d i s c l o s e d   i s   a  m e t h o d   of  e n c o d i n g   d a t a   and  a n  

e n c o d e d   d a t a   s y s t e m   r e p r e s e n t i n g   k n o t s   on  an  o u t l i n e   d e f i n e d  

r e l a t i v e   to  a  c o o r d i n a t e   p l a n e   i n v o l v i n g   s e l e c t i n g   s e t s   o f  

c o o r d i n a t e s   on  s a i d   o u t l i n e ,   to  r e p r e s e n t   t he   k n o t s ,  

e s t a b l i s h i n g   a  s u c c e s s i v e   o r d e r   of  s a i d   k n o t s ,   e n c o d i n g   s a i d  

k n o t s   in  a  d a t a   o r d e r   i n d i c a t i v e   of  s a i d   k n o t   o r d e r ,   a n d  

e n c o d i n g   by  e n c o d i n g   a  c o m p l e t e   i n f o r m a t i o n   s e t   of  d a t a  

p r o v i d i n g   a  c o n t r o l   code   i n d i c a t i v e   of  e i t h e r   i)  t h e  

c o o r d i n a t e   l o c a t i o n s   of  s a i d   k n o t s   or  i i )   a  k n o t ' s   d i r e c t i o n  

r e l a t i v e   to  o t h e r s   of  s a i d   k n o t s   or  i i i )   a  p r e d e t e r m i n e d  

s h a p e   of  s a i d   o u t l i n e   b e t w e e n   a  p a i r   of  s a i d   k n o t s   or  i v )  

d a t a   i n d i c a t i v e   of  t h e   s h a p e   of  s a i d   o u t l i n e   a t   a  k n o t   or  v )  

e n c o d i n g   a  c o m p l e t e   i n f o r m a t i o n   s e t   p r o v i d i n g   t he   c o o r d i n a t e  

d i s t a n c e s   b e t w e e n   a d j a c e n t   k n o t s .  

F u r t h e r   d i s c l o s e d   is   a  me thod   and  s y s t e m   f o r   e n c o d i n g  

d a t a   r e p r e s e n t i n g   k n o t s   on  an  o u t l i n e   d e f i n e d   r e l a t i v e   to  a  

c o o r d i n a t e   p l a n e   and  fo r   g e n e r a t i n g   a  s e r i e s   of  s i g n a l s  

r e p r e s e n t i n g   n o d e s   on  t he   l o c u s   of  a  c u r v e   p a r t i a l l y   d e f i n e d  

by  s a i d   s e t   of  k n o t s ,   i n v o l v i n g   s e l e c t i n g   s e t s   o f  

c o o r d i n a t e s   on  s a i d   o u t l i n e ,   to  r e p r e s e n t   s a i d   k n o t s ,  



e s t a b l i s h i n g   a  s u c c e s s i v e   o r d e r   of  s a i d   k n o t s ,   e n c o d i n g   s a i d  
k n o t s   in  a  d a t a   o r d e r   i n d i c a t i v e   of  s a i d   k n o t   o r d e r ,   a n d  

e n c o d i n g   a  c o m p l e t e   i n f o r m a t i o n   s e t   of  d a t a   p r o v i d i n g   a  c o d e  
i n d i c a t i v e   of  a  p r e d e t e r m i n e d   s h a p e   of  s a i d   o u t l i n e   b e t w e e n  

a  p a i r   of  s a i d   k n o t s   or  a  c o m p l e t e   i n f o r m a t i o n   s e t   p r o v i d i n g  
t h e   c o o r d i n a t e   d i s t a n c e s   b e t w e e n   a d j a c e n t   k n o t s .  

F u r t h e r   d i s c l o s e d   is   a  m e t h o d   and  s y s t e m   fo r   g e n e r a t i n g  

a  s e r i e s   of  s i g n a l s   r e p r e s e n t i n g   n o d e s   on  a  l o c u s   of  a  c u r v e  

p a r t i a l l y   d e f i n e d   by  a  s e t   of  r e l a t e d   k n o t s ,   e n c o d e d   a s  

d a t a ,   w i t h   s a i d   k n o t s   d e f i n i n g   t he   end  p o i n t s   of  r e s p e c t i v e  

s e g m e n t s   of  s a i d   c u r v e   l o c u s   and  w i t h   s a i d   k n o t s   b e i n g   in  a  
s u c c e s s i v e   o r d e r   in  r e l a t i o n   to  s a i d   l o c u s ,   and  fo r   e n c o d i n g  
and  d e c o d i n g   s a i d   node  s i g n a l s   as  d a t a   and  fo r   use   of  s a i d  

d a t a   when  in  an  i m a g i n g   p r o c e s s   r e s p o n s i v e   to  t he   s h a p e   f o r  

s a i d   c u r v e   s e g m e n t s   as  r e p r e s e n t e d   by  s a i d   e n c o d e d   d a t a ,  

i n v o l v i n g   d e f i n i n g   t he   l o c a t i o n s   and  the   s u c c e s s i v e   o r d e r   o f  

s a i d   k n o t s   on  s a i d   c u r v e   l o c u s   and  e n c o d i n g   as  d a t a ,   s i g n a l s  

i n d i c a t i v e   of  s a i d   k n o t s ,   f o r   a  f i r s t   k n o t ,   ( Z a ) ,  

r e p r e s e n t i n g   a  f i r s t   end  p o i n t   of  a  f i r s t   c u r v e   s e g m e n t ,  

d e r i v i n g   a  f i r s t   a n g l e ,   i n d i c a t i v e   of  t he   a v e r a g e   of  t h e  

i n t e r k n o t   a n g l e s   b e t w e e n   s a i d   f i r s t   k n o t   ( Z a ) ,   and  s e l e c t e d  

r e l a t e d   k n o t s   and  e n c o d i n g   as  d a t a ,   s i g n a l s   i n d i c a t i v e   o f  

s a i d   f i r s t   a n g l e ,   a t   a  s e c o n d   of  s a i d   k n o t s   ( Z n ) ,  

r e p r e s e n t i n g   a  s e c o n d   end  p o i n t   of  s a i d   f i r s t   c u r v e   s e g m e n t ,  

e s t a b l i s h i n g   a  s e c o n d   a n g l e   f o r   s a i d   f i r s t   c u r v e   s e g m e n t ,  

and  e n c o d i n g   as  d a t a ,   s i g n a l s   i n d i c a t i v e   of  s a i d   s e c o n d  

a n g l e ,   e s t a b l i s h i n g   a  c o m p i l e r   fo r   c o m p i l i n g   d a t a   a c c o r d i n g  

to  a  c u b i c   p a r a m e t r i c   p o l y n o m i a l   r e l a t i o n s h i p   b e t w e e n   a  

p a r a m e t e r   " t " ,   s a i d   k n o t s   and  a n g l e s   at   t he   s a i d   end  p o i n t s  

of  a  s a i d   c u r v e   s e g m e n t   and  t he   l o c u s   of  a  s a i d   c u r v e  

s e g m e n t ,   e s t a b l i s h i n g   a  r a n g e   "R"  of  v a l u e s   fo r   s a i d  

p a r a m e t e r   " t " ,   a p p l y i n g   s a i d   s i g n a l s   i n d i c a t i v e   of  t he   s a i d  

l o c a t i o n s   of  s a i d   f i r s t   and  s e c o n d   k n o t s   of  s a i d   f i r s t   c u r v e  



s e g m e n t ,   to  s a i d   c o m p i l e r ,   a p p l y i n g   s a i d   s i g n a l s   i n d i c a t i v e  

of  t he   s a i d   f i r s t   and  s e c o n d   a n g l e s   of  s a i d   f i r s t   c u r v e  

s e g m e n t   to  s a i d   c o m p i l e r ,   a p p l y i n g   a  s i g n a l   i n d i c a t i v e   of  a  
d i s t i n c t   s e l e c t e d   v a l u e   of  s a i d   p a r a m e t e r   8t8  w i t h i n   s a i d  

r a n g e   "R" ,   to  s a i d   c o m p i l e r   to  d e r i v e   a  s i g n a l   i n d i c a t i v e   o f  

a  r e s p e c t i v e   node   l o c a t i o n   on  s a i d   f i r s t   c u r v e   s e g m e n t ,  

r e p e a t i n g   t h e   a b o v e   by  a p p l y i n g   s i g n a l s   i n d i c a t i v e   o f  

a d d i t i o n a l   d i s t i n c t   s e l e c t e d   v a l u e s   of  s a i d   p a r a m e t e r   " t " ,  

w i t h i n   s a i d   r a n g e   "R" ,   to  d e r i v e   a  p l u r a l i t y   of  s i g n a l s  
i n d i c a t i v e   of  r e s p e c t i v e   node   l o c a t i o n s   on  s a i d   l o c u s   o f  

s a i d   f i r s t   c u r v e   s e g m e n t   f o r   r e s p e c t i v e   d i s t i n c t   s e l e c t e d  

v a l u e s   of  s a i d   p a r a m e t e r   " t " ,   e n c o d i n g   s a i d   s i g n a l s   d e r i v e d  

a b o v e   in  a  d a t a   b a s e   to  r e p r e s e n t   s a i d   f i r s t   c u r v e   s e g m e n t  

a c c e s s i n g   s a i d   d a t a   b a s e   s i g n a l s ,   and  c o n t r o l l i n g   an  i m a g i n g  

means   r e s p o n s i v e   to  s a i d   a c c e s s e d   s i g n a l s   to  r e p r o d u c e   s a i d  

c u r v e .  

F u r t h e r   d i s c l o s e d   is   a  me thod   and  s y s t e m   f o r   l i n e a r  

i n t e r p o l a t i o n   of  c o o r d i n a t e   p o i n t s   b e t w e e n   f i r s t   and  s e c o n d  

end  p o i n t s ,   to  p r o d u c e   c o o r d i n a t e s   on  a  s t r a i g h t   l i n e  

o u t l i n e   and  w h e r e   s a i d   c o o r d i n a t e s   a r e   l o c a t e d   on  ar  

c o o r d i n a t e   s y s t e m   h a v i n g   a  f i r s t   c o o r d i n a t e   d i r e c t i o n   a n d  

s e c o n d   c o o r d i n a t e   d i r e c t i o n   and  e n c o d e d   i n  m a c h i n e   r e a d a b l e  

d a t a   w o r d s   a  r a d i x   " r " ,   c o r r e s p o n d i n g   to  t he   o r d e r   of  v a l u e s  

f o r   d e s i g n a t e d   p o s i t i o n s   in  s a i d   d a t a   w o r d s ,   i n v o l v i n g  

e n c o d i n g   a  f i r s t   d a t a   word  of  "N"  p o s i t i o n s   c o r r e s p o n d i n g   t o  

t h e   d i s t a n c e   b e t w e e n   t he   s a i d   f i r s t   and  s e c o n d   end  p o i n t s   i n  

t h e   s a i d   f i r s t   c o o r d i n a t e   d i r e c t i o n   and  p l a c i n g   s a i d   f i r s t  

d a t a   word  i n t o   a  f i r s t   m a c h i n e   l o c a t i o n ,   e n c o d i n g   a  s e c o n d  

d a t a   word  of  "M"  b i t s   c o r r e s p o n d i n g   to  t he   d i s t a n c e   b e t w e e n  

s a i d   f i r s t   and  s e c o n d   end  p o i n t s   in  s a i d   s e c o n d   c o o r d i n a t e  

d i r e c t i o n   and  p l a c i n g   s a i d   s e c o n d   d a t a   word  i n t o   a  s e c o n d  

m a c h i n e   l o c a t i o n ,   d e t e r m i n i n g   the   number   of  a v a i l a b l e  

p o s i t i o n s ,   b e t w e e n   t he   mos t   s i g n i f i c a n t   p o s i t i o n   of  s a i d  



f i r s t   d a t a   word  and  the   most   s i g n i f i c a n t   p o s i t i o n   of  s a i d  

f i r s t   m a c h i n e   l o c a t i o n ,   a v a i l a b l e   fo r   s h i f t i n g   s a i d   f i r s t  

d a t a   word  in  a  f i r s t   d i r e c t i o n   of  t he   mos t   s i g n i f i c a n t  

p o s i t i o n s   of  s a i d   f i r s t   m a c h i n e   l o c a t i o n ,   s h i f t i n g   s a i d  
f i r s t   d a t a   word  by  a  maximum  number   of  p o s i t i o n s ,   e q u a l   t o  
t h e   s a i d   number   of  a v a i l a b l e   p o s i t i o n s   in  s a i d   f i r s t .  
d i r e c t i o n   and  t he   number   of  p o s i t i o n s   c o r r e s p o n d i n g   to  t h e  

number   of  s i g n i f i c a n t   p o s i t i o n s   used   to  e n c o d e   s a i d   s e c o n d  

d a t a   w o r d ,   and  i n c r e a s i n g   t he   s c a l e   of  s a i d   f i r s t   d a t a   w o r d  

by  a  s c a l e   f a c t o r   r e l a t e d   to  t he   number   of  s a i d   p o s i t i o n s  

s h i f t e d ,   d e r i v i n g   a  t h i r d   d a t a   word  i n d i c a t i v e   of  s a i d  

s e c o n d   d a t a   word  in  s a i d   s e c o n d   m a c h i n e   l o c a t i o n   d i v i d e d  

i n t o   s a i d   f i r s t   d a t a   word  s h i f t e d   a c c o r d i n g   to  s t e p   d ) ,  

e n c o d i n g   d a t a   w o r d s   i n d i c a t i v e   of  t he   c o o r d i n a t e   of  s a i d  

s t r a i g h t   l i n e   in  s a i d   s e c o n d   c o o r d i n a t e   d i r e c t i o n ,   f o r  

r e s p e c t i v e   ones   of  s a i d   d a t a   w o r d s   e n c o d e d   a c c o r d i n g   to  s t e p  

f)  e n c o d i n g   a  m u l t i p l e   of  s a i d   t h i r d   d a t a   w o r d ,   wh ich   a r e  

r e l a t e d   to  a  r e s p e c t i v e   c o o r d i n a t e   in  s a i d   f i r s t   c o o r d i n a t e  

d i r e c t i o n ,   on  s a i d   s t r a i g h t   l i n e ,   r e d u c i n g   the   s c a l e   of  s a i d  

m u l t i p l e s   of  s a i d   t h i r d   d a t a   words   a b o v e ,   to  t he   s c a l e   o f  

t he   f i r s t   d a t a   word  e s t a b l i s h e d   p r i o r   to  t he   a b o v e   s a i d  

s h i f t i n g   and  e n c o d i n g   s a i d   t h i r d   d a t a   w o r d s   p r o d u c e d   a b o v e  

w i t h   r e s p e c t i v e   c o o r d i n a t e s   in  s a i d   s e c o n d   c o o r d i n a t e  

d i r e c t i o n   to  p r o d u c e   s a i d   c o o r d i n a t e s   on  s a i d   s t r a i g h t   l i n e .  

F u r t h e r   d i s c l o s e d   is   e n c o d i n g   d a t a   r e p r e s e n t i n g   k n o t s  

on  an  o u t l i n e   d e f i n e d   r e l a t i v e   to  a  c o o r d i n a t e   p l a n e   and  f o r  

d e c o d i n g   s a i d   e n c o d i n g   d a t a   fo r   use  in  a  d i s p l a y   p r o c e s s   t o  

p r o d u c e   i m a g e s   of  s a i d   o u t l i n e s   r e p r e s e n t e d   by  s a i d   e n c o d e d  

d a t a   by  s e l e c t i n g   s e t s   of  c o o r d i n a t e s   on  s a i d   o u t l i n e ,   t o  

r e p r e s e n t   s a i d   k n o t s ,   e s t a b l i s h i n g   a  s u c c e s s i v e   o r d e r   o f  

s a i d   k n o t s ,   e n c o d i n g   s a i d   k n o t s   in  a  d a t a   o r d e r   i n d i c a t i v e  

of  s a i d   k n o t   o r d e r ,   t he   e n c o d i n g   i n c l u d i n g   e n c o d i n g   a  

c o m p l e t e   i n f o r m a t i o n   s e t   of  d a t a   p r o v i d i n g   a  c o n t r o l   c o d e  



i n d i c a t i v e   of  e i t h e r   i)  t he   c o o r d i n a t e   l o c a t i o n s   of  s a i d  

k n o t s   or  i i )   a  k n o t ' s   d i r e c t i o n   r e l a t i v e   to  o t h e r s   of  s a i d  

k n o t s   or  i i i )   a  p r e d e t e r m i n e d   s h a p e   of  s a i d   o u t l i n e   b e t w e e n  

a  p a i r   of  s a i d   k n o t s   or  iv)   d a t a   i n d i c a t i v e   of  t h e   s h a p e   o f  
s a i d   o u t l i n e   a t   a  k n o t ,   or  v)  p r o v i d i n g   d a t a   i n d i c a t i v e   o f  
t h e   c o o r d i n a t e   d i s t a n c e s   b e t w e e n   a d j a c e n t   k n o t s ,   d e c o d i n g  
s a i d   c o m p l e t e   i n f o r m a t i o n   s e t s   in  a  d e c o d i n g   o r d e r   r e l a t e d  

to  s a i d   d a t a   o r d e r   r e s p o n s i v e   to  s a i d   c o m p l e t e   i n f o r m a t i o n  

s e t   b e i n g   i n d i c a t i v e   of  t he   c o o r d i n a t e   d i s t a n c e s   b e t w e e n  

a d j a c e n t   k n o t s ,   p r o d u c i n g   an  image   of  a  s m o o t h   c o n t i n u o u s  

c u r v e d   o u t l i n e   or  a  s t r a i g h t   l i n e   b e t w e e n   s a i d   a d j a c e n t  
k n o t s   o r ,   r e s p o n s i v e   to  s a i d   c o m p l e t e   i n f o r m a t i o n   s e t   b e i n g  
i n d i c a t i v e   of  a  s a i d   c o n t r o l   c o d e ,   as  s e t   f o r t h   in  i ) ,   i i ) ,  

i i i ) ,   or  i v ) ,   p r o d u c i n g   an  image  of  a  s m o o t h   c o n t i n u o u s  

o u t l i n e   or  a  s t r a i g h t   l i n e   a c c o r d i n g   to  t he   s a i d   c o o r d i n a t e  
l o c a t i o n s   of  s a i d   k n o t s   r e l a t i v e   to  a d j a c e n t   k n o t s   in  s a i d  

s u c c e s s i v e   k n o t   o r d e r   or  p r o d u c i n g   an  image   of  s a i d   o u t l i n e  

b e i n g   s m o o t h   a t   r e s p e c t i v e   k n o t s   or  b e i n g   s h a r p   and  f o r m i n g  

c u s p s   at   r e s p e c t i v e   k n o t s .  

F u r t h e r   d i s c l o s e d   i s   e n c o d i n g   d a t a   r e p r e s e n t i n g   k n o t s  

on  an  o u t l i n e   l o o p   d e f i n e d   r e l a t i v e   to  a  c o o r d i n a t e   p l a n e ,  

f o r   p r o d u c i n g   a  d i s p l a y   image   of  s a i d   o u t l i n e   and  d e c o d i n g  

r e s p o n s i v e   to  t h e   i n t e r r e l a t i o n s h i p   of  s a i d   k n o t s   on  s a i d  

o u t l i n e   l o o p ,   and  i m a g i n g   s a i d   o u t l i n e   l o o p   r e s p o n s i v e   t o  

s a i d   d e c o d e d   d a t a   i n v o l v i n g   s e l e c t i n g   s e t s   of  c o o r d i n a t e s   on  

s a i d   o u t l i n e   l o o p ,   to  r e p r e s e n t   s a i d   k n o t s ,   e s t a b l i s h i n g   a  

s u c c e s s i v e   o r d e r   of  s a i d   k n o t s ,   e n c o d i n g   s a i d   k n o t s   in  a  

d a t a   o r d e r   i n d i c a t i v e   of  s a i d   k n o t   o r d e r ,   e n c o d i n g   a 

c o m p l e t e   i n f o r m a t i o n   s e t   of  i)  d a t a   i n d i c a t i v e   of  t h e  

c o o r d i n a t e   d i s t a n c e s   and  i n t e r k n o t   a n g l e s   b e t w e e n   a d j a c e n t  

k n o t s ,   c o m p a r i n g   t he   r e l a t i v e   p o s i t i o n s   of  s u c c e s s i v e   k n o t s  

to  a t   l e a s t   a  f i r s t   i n t e r k n o t   c r i t e r i o n ,   r e s p o n s i v e   to  s a i d  

s t e p   d)  of  c o m p a r i n g ,   i)  p r o d u c i n g   a  f i r s t   i n d i c a t i o n   t h a t   a  



s e t   of  s a i d   s u c c e s s i v e   k n o t s   is  w i t h i n   s a i d   c r i t e r i o n ,   o r  
i i )   p r o d u c i n g   a  s e c o n d   i n d i c a t i o n   t h a t   a  s e t   of  s a i d  

s u c c e s s i v e   k n o t s   is   o u t s i d e   s a i d   c r i t e r i o n ,   and  i )  

r e s p o n s i v e   to  s a i d   f i r s t   i n d i c a t i o n   i m a g i n g   s a i d   o u t l i n e  

l o o p   in  t he   form  of  a  s m o o t h   c o n t i n u o u s   c u r v e ,   or  i i )  

r e s p o n s i v e   to  s a i d   s e c o n d   i n d i c a t i o n ,   i m a g i n g   s a i d   o u t l i n e  

l o o p   in  t he   form  of  a  s t r a i g h t   l i n e ,   b e t w e e n   s a i d   s e t   of  . 
s u c c e s s i v e   k n o t s .  

F u r t h e r   d i s c l o s e d   is  e n c o d i n g   and  a c c e s s i n g   a  s i n g l e  

d a t a   s e t   of  s o l u t i o n   v a l u e s   f u n c t i o n a l l y   r e l a t e d   to  a n d  

r e p r e s e n t i n g   t h e   s o l u t i o n   s e t   to  a t   l e a s t   two  d o m a i n s   of  a  

v a r i a b l e ,   i n v o l v i n g   d e f i n i n g   a  s i n g l e   d a t a   s e t   of  s o l u t i o n  

v a l u e s   f u n c t i o n a l l y   r e l a t e d   to  a  f i r s t   d o m a i n   of  a  v a r i a b l e  

and  to  a  s e c o n d   d o m a i n   of  a  v a r i a b l e ,   a r r a n g i n g   s a i d   d a t a  

s e t   of  s o l u t i o n   v a l u e s   in  an  o r d e r   r e l a t e d   to  s a i d   f i r s t  

d o m a i n   and  s a i d   s e c o n d   d o m a i n ,   a c c e s s i n g   s a i d   d a t a   s e t   o f  

s o l u t i o n   v a l u e s   r e l a t i v e   to  r e s p e c t i v e   v a l u e s   in  s a i d   f i r s t  

d o m a i n   to  d e r i v e   a t   l e a s t   a  p a r t   of  s a i d   s o l u t i o n   s e t   t o  

s a i d   f i r s t   d o m a i n ,   and  a c c e s s i n g   s a i d   d a t a   s e t   of  s o l u t i o n  

v a l u e s   r e l a t i v e   to  r e s p e c t i v e   v a l u e s   of  s a i d   s e c o n d   d o m a i n  

to  d e r i v e   a t   l e a s t   a  p a r t   of  s a i d   s o l u t i o n   s e t   to  a t   l e a s t  

s a i d   s e c o n d   d o m a i n .  



BRIEF  DESCRIPTION  OF THE  DRAWINGS 

FIG.   la   shows   a  s e t   of  k n o t s   ( i . e .   Za,  Za+1 ,   Z a + 2 ,  
. . . )   f o r m i n g   t he   s k e l e t a l   o u t l i n e   of  a  m a s t e r   e n c o d e d  

c h a r a c t e r .  

FIG.   lb   shows  t he   c l o s e d   o u t l i n e   l o o p s   w i t h   r e f e r e n c e  

to  a  c h a r a c t e r .  

FIG.   l c   shows   c u r v e   s e g m e n t s   Z a - 1 ,   Za,  Za,  Za+1 ,   a n d  

c u r v e   Za+1 ,   Za+2  and  t he   r e l a t i o n s h i p s   of  t he   d e v i a n c e  

a n g l e s   e  and  φ,  a t   k n o t   Za  and  Z a + 1 .  

FIG.   1 d   and  FIG.   l e   shows  in  g r e a t e r   d e t a i l   t h e  

d e v i a n c e   a n g l e s   of  t h e   c u r v e   s e g m e n t   Za,  Z a + l ,   a t   t h e  

r e s p e c t i v e   e n t r a n c e   and  e x i t   k n o t s ,   as  f u n c t i o n s   of  t h e  

i n t e r k n o t   a n g l e   (B)  and  t he   e n t r a n c e   and  e x i t   a n g l e s ,   a n d  .  

FIG.   2  shows   the   r e l a t i o n s h i p s   of  t he   k n o t s ,   t a n g e n t  

a n g l e s   and  a n g l e s   and  to  a  c u r v e ,   fo r   t he   p u r p o s e   o f  

e x p l a i n i n g   the   H e r m i t e   i n t e r p o l a t o r .  

FIG.   3  shows   a  m a s t e r   e n c o d i n g   g r i d   as  may  be  used   i n  

t h e   p r e f e r r e d   e m b o d i m e n t ,   a t   a  n o r m a l i z e d   s i z e ,   fo r   e n c o d i n g  

a  c h a r a c t e r   or  symbo l   s u c h   as  t h e   c h a r a c t e r   G  shown  i n  

FIG.   3,  as  a  m a s t e r   e n c o d e d   c h a r a c t e r ,   a t   a  n o r m a l i z e d   s i z e .  

FIG.   4  shows   the   m a n n e r   a  l o o k - u p   t a b l e   may  be  a r r a n g e d  

so  a c c e s s   in  one  d i r e c t i o n   would   p r o v i d e   a  v a l u e   e q u a l   t o  

T2,   as  e x p l a i n e d   h e r e i n ,   and  in  t he   o p p o s i t e   d i r e c t i o n ,   a  

v a l u e   of  T3,  as  e x p l a i n e d   h e r e i n .  



FIG.   5  shows  the   a n g u l a r   r e l a t i o n s h i p s   b e t w e e n   a  s e t   o f  

k n o t s   Za,  and  Za+l   when  a  s h a r p   k n o t   or  c u s p   is   to  b e  

p r o d u c e d .  

FIG.   6a  shows   t he   a n g u l a r   r e l a t i o n s h i p s   a t   a  s e t   o f  

k n o t s   when  a  k n o t   b e t w e e n   a  s t r a i g h t   l i n e   and  a  c u r v e   i s  

d e s i r e d   to  be  s m o o t h .  

FIG.   6b  shows   the   a n g u l a r   r e l a t i o n s h i p s   a t   a  s m o o t h  

k n o t ,   and  b e t w e e n   a  c u r v e   l i n e   and  a  s t r a i g h t   l i n e .  

FIG.   7a  shows   t h e   a n g u l a r   r e l a t i o n s h i p s   a t   a  k n o t  

b e t w e e n   a  c u r v e   l i n e   and  s t r a i g h t   l i n e ,   f o r c e d   by  a  c o n t r o l  

c o d e   to  o v e r r i d e   a  d e f a u l t   command  c o d e ,   w h i c h   o t h e r w i s e  

would   p r o d u c e   t h e   r e s u l t s   shown  in  FIG.  7 b .  

FIG.   8  shows   t he   a n g u l a r   r e l a t i o n s h i p s   a b o u t   a  s e t   o f  

k n o t s   Za  and  Za+l   when  i t   is  d e s i r e d   t h a t   a  s m o o t h  

c o n t i n u o u s   c u r v e   p a s s   b e t w e e n   t he   k n o t s .  

FIG.   9  shows   a  c h a r a c t e r   as  may  be  p r o d u c e d   a c c o r d i n g  

to  t he   p r i n c i p l e s   of  t he   i n v e n t i o n .  

F I G .  1 0   i l l u s t r a t e s   in   b l o c k   d i a g r a m   a  g e n e r a l   t y p e   o f  
s y s t e m   w i t h   w h i c h   t h e   m e t h o d   of   t h i s   i n v e n t i o n   can   be  p r a c t i c e d .  



DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

As  s t a t e d   in  t he   s u m m a r y ,   t he   o b j e c t   of  t h i s   i n v e n t i o n  

i s   to  g e n e r a t e   a  s e r i e s   of  d i s p l a y   s i g n a l s ,   r e p r e s e n t i n g  

n o d e s   d e s c r i b i n g   t he   l o c u s   of  a  s m o o t h   c o n t i n u o u s   c u r v e   a t   a  

d e s i r e d   s i z e ,   f rom  a  n o r m a l i z e d   c u r v e   e n c o d e d   as  a  s e t   o f  

e n c o d e d   k n o t s .   N o r m a l i z e d   is   u sed   in  i t s   g e n e r a l   a n d  

o r d i n a r y   m e a n i n g   to  d e n o t e   a  norm  or  s t a n d a r d   s i z e .  

H o w e v e r ,   as  would   be  a p p a r e n t   to  t h o s e   s k i l l e d   in  t h e   a r t ,  

t h e   d i s p l a y e d   c u r v e ,   d e s c r i b e d   in  t e r m s   of  d i s p l a y   i n t e r c e p t  

c o o r d i n a t e s   (RRU's )   i s   d e p e n d e n t   upon  t he   r e s o l u t i o n   of  t h e  

d i s p l a y ,   and  t he   r a t e   or  r e l a t i o n s h i p   b e t w e e n   t he   number   o f  

r a s t e r   r e s o l u t i o n   u n i t s   (RRU's)   a t   a  g i v e n   d i s p l a y  

r e s o l u t i o n   to  t h e   d i m e n s i o n l e s s   r e s o l u t i o n   u n i t s   (DRU's)   i n  

w h i c h   the   c u r v e   i s   e n c o d e d   a t   i t s   n o r m a l i z e d   s i z e   and  on  t h e  

n o r m a l i z e d   g r i d .   The  n o r m a l i z e d   e n c o d e d   c u r v e   may  a l s o   b e  

t h o u g h t   of  as  a  m a s t e r   w h i c h   is   e n c o d e d   a t   a  m a s t e r   s i z e  

r e l a t i v e   to  t h e   m a s t e r   e n c o d i n g   g r i d   w h i c h   may  have   a n y  

s u i t a b l e   c o o r d i n a t e   s y s t e m   and  w h i c h   a f t e r   s c a l i n g ,   may  b e  

used   to  g e n e r a t e   t h e   e n c o d e d   d a t a   r e p r e s e n t i n g   d i s p l a y  

i n t e r c e p t s   in  r a s t e r   u n i t s ,   a t   a  g i v e n   r a s t e r   r e s o l u t i o n   f o r  

any  d e s i r e d   d i s p l a y   s i z e   c h a r a c t e r .   As  t he   i n v e n t i v e  

c o n c e p t s   d i s c l o s e d   h e r e i n   a r e   used   in  t h e   t y p e s e t t i n g  

i n d u s t r y   to  p r o d u c e   t y p e s e t   c o m p o s i t i o n   c o n t a i n i n g  

c h a r a c t e r s   h a v i n g   c u r v e d   o u t l i n e s   in  c o n f o r m a n c e   to  t h e  

h i g h e s t   g r a p h i c   s t a n d a r d s ,   s c a l i n g   s t a r t s   w i t h   a  

d e t e r m i n a t i o n   of  t h e   d e s i r e d   s i z e   of  t he   c h a r a c t e r   in  a n y  

c h o s e n   s y s t e m   of  m e a s u r e m e n t .   In  t he   p r e f e r r e d   e m b o d i m e n t ,  

c h a r a c t e r   s i z e   is   e x p r e s s e d   in  p r i n t e r ' s   p o i n t s   ( 3 5 1 . 2 8 2  

m i c r o m e t e r s / p o i n t   or  0 . 0 1 3 8 3   i n c h e s / p o i n t ) .   I t   b e i n g  

u n d e r s t o o d ,   h o w e v e r ,   t h a t   t he   i n v e n t i o n   can  be  used   i n  

c o n n e c t i o n   w i t h   o t h e r   u n i t s   of  m e a s u r e m e n t s   and  w i t h  

a p p l i c a t i o n s   o u t s i d e   t h e   p r i n t i n g   or  t y p e s e t t i n g   i n d u s t r y ,  

w i t h o u t   d e v i a t i n g   f rom  or  c h a n g i n g   t he   i n v e n t i v e   c o n c e p t s  



shown  h e r e i n .   The  i n v e n t i o n ,   as  d e s c r i b e d   h e r e i n   is  w i t h  

r e f e r e n c e   to  t h e   p r i n t i n g   i n d u s t r y ,   whe re   t he   m a s t e r  

e n c o d i n g   g r i d   is  made  s y n o n y m o u s   w i t h   a  d i m e n s i o n l e s s  

e n c o d i n g   g r i d   in  t he   form  of  a  t y p e s e t t i n g   M2.  T h i s   is  t h e  

a p p l i c a t i o n   of  t he   p r e f e r r e d   e m b o d i m e n t   of  the   i n v e n t i o n   a n d  
d i s c l o s e s   the   b e s t   mode  of  u s i n g   t he   i n v e n t i o n .  

The  p r o b l e m   s o l v e d   by  t h i s   i n v e n t i o n   may  be  b e s t  

c o n s i d e r e d   by  v i e w i n g   FIG.   la  w h i c h   shows  a  s e r i e s   of  d a t a  

e n c o d e d   k n o t s   ( Z a - 1 ,   Zat  Za+1,   Za+2  · · · )   on  a  
d i m e n s i o n l e s s   e n c o d i n g   g r i d   h a v i n g   c o o r d i n a t e s   in  the   X  a n d  

Y  a x i a l   d i r e c t i o n s ,   w i t h   t he   X  d i r e c t i o n   c o i n c i d i n g   w i t h   a  

z e r o   d e g r e e   ( φ )   r e f e r e n c e   a n g l e .   I t   s h o u l d   be  u n d e r s t o o d ,  

h o w e v e r ,   t h a t   any  s y s t e m   of  c o o r d i n a t e s   can  be  used   w i t h   a n y  
r e f e r e n c e   a n g l e   c h o s e n   w i t h o u t   c h a n g i n g   the   m a n n e r   in  w h i c h  

t h e   i n v e n t i v e   c o n c e p t s   a r e   u s e d .  

As  shown  in  FIG.   l a ,   a  number   of  k n o t s   Z a - 1 ,   2a,   2 a + 1 ,  

Za+2 ,   Za+3  i n c l u s i v e   to  Za -n   r e p r e s e n t   an  o u t l i n e   l o o p   w h i c h  

may  be  s m o o t h   and  c o n t i n u o u s   o v e r   a  s e r i e s   of  such   k n o t s   o r  

c o n t i n u o u s   w i t h o u t   b e i n g   s m o o t h   ove r   a  s e r i e s   of  such   k n o t s  

or  a  c o m b i n a t i o n   of  t he   f o r e g o i n g .   As  s t a t e d ,   t he   k n o t s  

r e p r e s e n t   t he   s k e l e t a l   o u t l i n e   of  a  p r e d e t e r m i n e d   n o r m a l i z e d  

or  m a s t e r   s i z e   c h a r a c t e r   or  symbol   ( h e r e i n a f t e r   r e f e r r e d   t o  

as  m a s t e r   s i z e   c h a r a c t e r ) ,   on  a  j u x t a p o s e d   d i m e n s i o n l e s s  

e n c o d i n g   g r i d   w h e r e   t he   c o o r d i n a t e s   have   d i m e n s i o n s   o f  

D i m e n s i o n l e s s   R e s o l u t i o n   U n i t s   ( D R U ' s ) .   In  the   c a s e   of  t h e  

e n c o d e d   c h a r a c t e r ,   the   m a s t e r   s i z e   is  w i t h   r e f e r e n c e   to  t h e  

n o r m a l i z e d   e n c o d i n g   g r i d   and  t he   a r e a   w i t h i n   the   g r i d .   T h e  

i n t e r k n o t   a n g l e s   b e t w e e n   the   k n o t s ,   w i t h   r e f e r e n c e   to  t h e  

r e f e r e n c e   a n g l e ,   a r e   shown  as  g e n e r a l l y   d e n o t e d   by  "B"  a n d  

p a r t i c u l a r l y   as  B a - 1 ,   Ba,  Ba+1  and  so  on  fo r   t he   i n t e r k n o t  

a n g l e s   a t   r e s p e c t i v e   k n o t s   Z a - 1 ,   Za,  Za+l  and  so  o n .  

FIG.   la   shows  a  s k e l e t a l   o u t l i n e   as  may  be  t y p i c a l l y   u s e d  



fo r   symbol   w h e r e i n   a l l   t he   k n o t s   Za-1   t h r o u g h   Za -n   on  t h e  

symbo l   o u t l i n e   a r e   a r r a n g e d   on  a  c l o s e d   o u t l i n e   l o o p .   T h i s  

r e l a t i o n s h i p   in  i t s   s i m p l e s t   form  c o u l d   be  shown  by  t h e  
k n o t s   f o r   t he   o u t l i n e   of  an  0  or  D,  e n c o d e d   w i t h   two  s u c h  
c l o s e d   o u t l i n e   l o o p s ,   fo r   t h e   e x t e r i o r   c l o s e d   o u t l i n e   l o o p s  
11  and  15  and  one  fo r   t he   i n t e r i o r   c l o s e d   o u t l i n e   l o o p s   13 
and  17  r e s p e c t i v e l y ,   as  shown  in  FIG.   l b .  

As  shown  in  FIG.  l a ,   a  d i r e c t i o n   of  p r o g r e s s i o n   of  t h e  

c u r v e   o u t l i n e   i s   c h o s e n   w i t h   r e f e r e n c e   to  an  d e f i n e d   by  t h e  
o r d e r   of  t he   k n o t s   a r o u n d   the   o u t l i n e .   T h a t   p r o g r e s s i o n   o f  
t h e   c u r v e   l o c u s   and  o r d e r   of  k n o t s   is  shown  by  n u m e r a l   19  i n  

FIG.   l a .   The  c h o s e n   o r d e r   of  k n o t s   d e f i n i n g   t h e   s a i d  

p r o g r e s s i o n ,   ( i . e .   Z a - 1 ,   2a ,   Za+2  · · · ·   Za -n)   e s t a b l i s h e s  

an  o u t l i n e   l o o p   of  k n o t s .   T h a t   o u t l i n e   l o o p   may  be  a  c l o s e d  

o u t l i n e   l o o p   w h i c h   e n d s   upon  i t s e l f ,   as  shown  in  FIG.   I b ,   b y  
c l o s e d   o u t l i n e   l o o p s ,   11,  13,   15  and  17.  As  w i l l   b e  

e x p l a i n e d   b e l o w ,   a  c o m p i l e r   f u n c t i o n i n g   a c c o r d i n g   to  a  

p a r a m e t r i c   c u b i c   p o l y n o m i a l   i s   u sed   to  g e n e r a t e   s i g n a l s  
i n d i c a t i v e   of  n o d e s   w h i c h   a r e   t he   c o o r d i n a t e s   of  l o c a t i o n s  

on  t he   l o c u s   of  a  s m o o t h   c o n t i n u o u s   c u r v e   b e t w e e n   t he   k n o t s .  

The  o r d e r   of  t h e   k n o t s ,   d e f i n e s   an  o u t l i n e   l o o p   and  t h e  

r e s p e c t i v e   o r d e r   of  the   n o d e s   by  t h e i r   l o c a t i o n s   r e l a t i v e   t o  

t h e   k n o t s   and  to  e a c h   o t h e r   on  t he   o u t l i n e   l o o p ,   as  would   b e  

a p p a r e n t   to  one  s k i l l e d   in  t h e   a r t .   As  e x p l a i n e d   b e l o w ,   t h e  

d a t a   r e p r e s e n t a t i v e   or  i n d i c a t i v e   of  t h e s e   k n o t s   and  n o d e s  

a r e   e n c o d e d   in  a  d a t a   o r d e r   i n d i c a t i v e   of  t he   o r d e r   of  t h e  

k n o t s   and  n o d e s   on  t h e   o u t l i n e   l o o p .   T h i s   d a t a   o r d e r  

e s t a b l i s h e s   a  d a t a   l o o p .   As  f u r t h e r   e x p l a i n e d   b e l o w ,   t h e  

d a t a   l o o p   may  be  d e s i g n e d   to  c l o s e   upon  i t s e l f   so  t h a t   t h e  

e n d i n g   d a t a   l o c a t i o n   fo r   t he   d a t a   l o o p   is  t he   s t a r t i n g   d a t a  

l o c a t i o n   w h e r e   d a t a   was  a c c e s s e d   t h e r e f r o m   in  t he   e n c o d i n g  

p r o c e s s   and  f o r m i n g   a  c l o s e d   d a t a   l o o p   c o r r e s p o n d i n g   to  t h e  

c l o s e d   o u t l i n e   l o o p .  



As  s t a t e d   a b o v e ,   t he   k n o t s   Za,  Za+1,   e t c . ,   may  b e  

e n c o d e d   in  t h e   C a r t i s i a n   c o o r d i n a t e   s y s t e m   as  X-Y  p o i n t s ,  

u s i n g   as  a  r e f e r e n c e   the   n o r m a l i z e d   e n c o d i n g   g r i d ,   or  may  b e  

e n c o d e d   in  any  o t h e r   s y s t e m   of  c o o r d i n a t e   p o i n t s .   T h e  

o u t l i n e   b e t w e e n   the   k n o t s   is   no t   e n c o d e d   i n i t i a l l y   as  i t  

w i l l   be  r e p r e s e n t e d   by  a  g e n e r a t e d   s e r i e s   of  n o d e s   and  w h i c h  

w i l l   r e p r e s e n t   t he   s m o o t h   c o n t i n u o u s   c u r v e   l o c u s   of  t h e  

o u t l i n e ,   a c c o r d i n g   to  t h e   p r i n c i p l e   of  t he   i n v e n t i o n .   T h e  

d i s p l a y   i n t e r c e p t   v a l u e s   f o r   t h e   n o d e s   on  t he   c u r v e   l o c u s ,  

a t   a  p r e d e t e r m i n e d   d i s p l a y   s i z e ,   a r e   r e l a t e d   to  t he   e n c o d e d  

k n o t s   on  t he   d i m e n s i o n l e s s   e n c o d i n g   g r i d   shown  in  FIG.  la   b y  

a  p a r a m e t r i c   c u b i c   p o l y n o m i a l   r e l a t i o n s h i p .   S i n c e   t h e  

i n v e n t i o n   is   u sed   in  a  t w o - d i m e n s i o n a l   s y s t e m ,   t h e  

p a r a m e t r i c   r e p r e s e n t a t i o n   r e p r e s e n t s   t he   c u r v e   l o c u s   of  s u c h  

n o d e s   Z(X,Y)  i n d e p e n d e n t l y   as  a  t h i r d   o r d e r   p o l y n o m i a l  

f u n c t i o n   of  a  p a r a m e t e r   " t "   w h i c h   is  i n d e p e n d e n t   of  t h e  

e n c o d i n g   g r i d   c o o r d i n a t e s .   In  t he   p r e f e r r e d   e m b o d i m e n t ,   t h e  

p a r a m e t r i c   c u b i c   p o l y n o m i a l   is  shown  in  a  H e r m i t e   f o r m ,   i t  

b e i n g   u n d e r s t o o d   t h a t   t h o s e   s k i l l e d   in  t he   a r t   can  use  o t h e r  

f o r m s   fo r   d e f i n i n g   t he   p o l y n o m i a l   such   as  t he   B e z i e r   f o r m ,  

d e f i n e d  i n   " F u n d a m e n t a l s   of  I n t e r a c t i v e   C o m p u t e r   G r a p h i c s ' ,  

r e f e r r e d   to  in  t he   f o r e g o i n g ,   and  to  wh ich   the   i m p r o v e m e n t s  

of  t h i s   i n v e n t i o n   a r e   a p p l i c a b l e .  

The  p a r a m e t r i c   r e p r e s e n t a t i o n   of  a  c u r v e   is   one  f o r  

w h i c h   X  and  Y  a r e   r e p r e s e n t e d   as  a  t h i r d   o r d e r   ( c u b i c )  

p o l y n o m i a l   r e l a t i o n s h i p   of  a  p a r a m e t e r   " t "   w h e r e :  



The  H e r m i t e   r e p r e s e n t a t i o n   of  t he   p a r a m e t r i c   c u b i c  

p o l y n o m i a l   u s e s   t he   c o o r d i n a t e   p o s i t i o n s ,   of  t he   k n o t s ,   a n d  

t he   t a n g e n t   a n g l e s   a t   t he   k n o t s ,   s u c h   as  Za,  Za+1 ,   e t c .   T h e  

B e z i e r   r e p r e s e n t a t i o n   u s e s   t he   p o s i t i o n s   of  t he   c u r v e ' s   e n d  

p o i n t s   and  two  o t h e r   p o i n t s   to  d e f i n e ,   i n d i r e c t l y ,   t h e  

t a n g e n t s   a t   t he   c u r v e ' s   end  p o i n t s .   The  i m p r o v e m e n t s   o f  

t h i s   i n v e n t i o n   shown  h e r e i n   a r e   a p p l i c a b l e   to  a n y  
r e p r e s e n t a t i o n   by  the   p a r a m e t r i c   c u b i c   p o l y n o m i a l   w h i c h   u s e s  

t h e   p o s i t i o n   of  t he   c u r v e ' s   end  p o i n t s   and  t h e   t a n g e n t  

a n g l e s   of  t he   c u r v e   a t   t he   end  p o i n t s ,   d i r e c t l y   o r  

i n d i r e c t l y .   For  s a k e   of  e x p l a n a t i o n ,   o n l y   t he   H e r m i t e   f o r m  

w i l l   be  d i s c u s s e d .  

As  shown  in  FIG.   2,  g i v e n   end  p o i n t s   P1,   P4  and  t h e  

r e s p e c t i v e   t a n g e n t   v e c t o r s   R1,  R4  a t   t he   two  end  p o i n t s   P 1 ,  

P4  and  a l o n g   the   s m o o t h   c o n t i n u o u s   c u r v e   s e g m e n t   18,   a  c u b i c  

p a r a m e t r i c   p o l y n o m i a l   r e l a t i o n s h i p   b e t w e e n   a  p a r a m e t e r   " t "  

and  t he   l o c u s   of  a  c u r v e   s e g m e n t   18,  b e t w e e n   a  p a i r   of  e n d  

p o i n t s ,   P1,  and  P4,   may  be  r e p r e s e n t e d   as  the   f o l l o w i n g  

r e l a t i o n s h i p s   b e l o w .  

w h e r e   ( P 1 x ,   P ly )   (P4x ,   P4y)  a r e   t he   c o o r d i n a t e   v a l u e s   at   P1 
and  P4  r e s p e c t i v e l y ,   and  (R1x,   R1y)  and  (R4x,   R4y)  a r e   t h e  

t a n g e n t   v a l u e s   at   P1  and  P4  r e s p e c t i v e l y ,   w i t h   r e s p e c t   to  a  

s t r a i g h t   l i n e   b e t w e e n   P1  and  P4  t h e r e a f t e r   c a l l e d   e n t r a n c e  

and  e x i t   a n g l e s ,   r e s p e c t i v e l y .  

C u b i c   c u r v e s   as  a  minimum  a r e   u s e d ,   as  no  l o w e r   o r d e r  

r e p r e s e n t a t i o n   of  c u r v e   s e g m e n t s   can  p r o v i d e   c o n t i n u i t y   o f  

p o s i t i o n   and  s l o p e   a t   t he   end  p o i n t s   w h e r e   t he   c u r v e  



s e g m e n t s   m e e t ,   and  a t   t h e  s a m e   t ime   can  a s s u r e   t h a t   t he   e n d s  

of  t he   c u r v e   s e g m e n t   p a s s   t h r o u g h   s p e c i f i c   p o i n t s .  

The  d e r i v a t i o n   of  t he   H e r m i t e   p a r a m e t r i c   c u b i c  

p o l y n o m i a l s   a r e   shown  in  ' F u n d a m e n t a l s   of  I n t e r a c t i v e  

C o m p u t e r   G r a p h i c s "   and  t he   m a n n e r   of  u s i n g   s u c h   p a r a m e t r i c  

c u b i c   p o l y n o m i a l s   to  d e f i n e   t he   p o i n t s   a l o n g   a  c u r v e   a r e  
f u r t h e r   d i s c u s s e d   in  TEX  and  METAFONT  r e f e r r e d   to  in  t h e  

f o r e g o i n g .  

The  H e r m i t e   form  of  t he   p a r a m e t r i c   c u b i c   p o l y n o m i a l   i s  

as  s t a t e d   is   a  s e r i e s   of  c u r v e s   as  shown  by  Knu th   in  C h a p t e r  

2  in  TEX  and  METAFONT  and  w h i c h   is  w r i t t e n   in  E u l e r   n o t a t i o n  

a s  

a n d ,   w h e r e   r  a n d   s  a r e   p o s i t i v e   r e a l   n u m b e r s .  

E q u a t i o n s   3 . 1 ,   3 .2   d e f i n e   a  c u r v e   h a v i n g   d i r e c t i o n s  

r e p r e s e n t e d   by  the   d e v i a n c e   a n g l e s   e  a n d   a t   Z l ,   Z2 

r e s p e c t i v e l y .  

The  r e l a t i o n s h i p   shown  in  3 . 1 ,   3 .2   may  be  e n c o d e d   i n t o  

a  c o m p i l e r   d e s i g n e d   to  p r o c e s s   i n p u t   d a t a   r e l a t e d   to  t h e  

k n o t   l o c a t i o n s ,   t he   a n g l e s   of  t he   c u r v e   s e g m e n t   a t   i t s   e n d  

p o i n t s ,   and  t h e n   f o r   s e p a r a t e   s e l e c t e d   v a l u e s   of  a  p a r a m e t e r  

" t "   to  p r o d u c e   s i g n a l s   i n d i c a t i v e   of  node  l o c a t i o n s   on  t h e  

l o c u s   of  t he   c u r v e   s e g m e n t .   The  c o m p i l e r   is  shown  at   t h e  

end  of  the   s p e c i f i c a t i o n .  



As  s t a t e d   a b o v e ,   the   H e r m i t e   form  of  t he   p a r a m e t r i c  

c u b i c   p o l y n o m i a l   i s   used   in  t he   p r e f e r r e d   e m b o d i m e n t   of  t h e  

c o m p i l e r   bu t   t he   p r i n c i p l e s   of  t he   i n v e n t i o n   can   be  u s e d  

w i t h   any  o t h e r   c u b i c   p o l y n o m i c a l   u s i n g   t he   d i r e c t i o n s   of  t h e  

c u r v e   a t   end  p o i n t s   of  t he   c u r v e   and  t he   end  p o i n t  

l o c a t i o n s .  

A s s u m i n g   a  c u r v e   d i r e c t i o n   fo r   a  g i v e n   k n o t   o r d e r   f r o m  

k n o t   to  k n o t ,   and  in  p a r t i c u l a r ,   f rom  k n o t   Z1  to  k n o t   Z 2 ,  
w i t h   k n o t   Zl  b e i n g   t he   e n t r a n c e   k n o t   fo r   c u r v e   s e g m e n t   Z 1 ,  

Z2  ( h e r e a f t e r   c u r v e   s e g m e n t s   w i l l   be  d e f i n e d   by  t h e  

r e s p e c t i v e   s e g m e n t   and  k n o t s   s u c h   as  " c u r v e   Z1,  Z2 ' )   a n d  

k n o t   Z2  b e i n g   t he   e x i t   k n o t   f o r   c u r v e   Z1,  Z2,  t h e n   8  i s   t h e  

a n g u l a r   d i r e c t i o n   of  t he   c u r v e   Z1,  Z2  a t   e n t r a n c e   k n o t   Z 2 ,  

a n d  φ   is   t he   d i r e c t i o n   of  c u r v e   Z1,  Z2  a t   e x i t   k n o t   Z2.  I n  

t h e   p r e f e r r e d   e m b o d i m e n t ,   t he   i n t e r k n o t   a n g l e   (B)  made  b y  

t he   s t r a i g h t   l i n e   f rom  k n o t   Z1  and  Z2,  i s   d e f i n e d   in  t e r m s  

of  a  r e f e r e n c e   a n g l e   g i v e n   fo r   t he   n o r m a l i z e d   e n c o d i n g   g r i d .  

A l s o ,   t he   a n g l e s    a n d  g   of  t he   c u r v e   a r e   r e l a t e d   to  t h a t  

same  r e f e r e n c e   a n g l e .   T h e r e f o r e ,   t he   i n t e r k n o t   a n g l e  

e x p r e s s e d   b e l o w   as  B  and  t he   a n g l e s   of  the   c u r v e   at   t h e  

e n t r a n c e   k n o t ,   d e f i n e d   b e l o w   a s    and  the   a n g l e   of  the   c u r v e  

a t   t he   e x i t   k n o t ,   d e f i n e d   b e l o w   as  ,   a r e   a l l   d e f i n e d   w i t h  

r e g a r d   to  a  r e f e r e n c e   a n g l e .  

As  f u r t h e r   e x p l a i n e d   b e l o w ,   a c c o r d i n g   to  t he   i n v e n t i v e  

p r i n c i p l e s ,   d e v i a n c e   a n g l e s   8  and  φ,  shown  used   in  e q u a t i o n  

3 .1   and  3 . 2 ,   a r e   t he   c u r v e   e n t r a n c e   and  e x i t   a n g l e s   ,   4 ,  

r e s p e c t i v e l y ,   d e f i n e d   w i t h   r e g a r d   to  t he   i n t e r k n o t   a n g l e s   B 

and  a p p l i e d   to  t he   c o m p i l e r   in  t he   form  of  t he   p a r a m e t r i c  

c u b i c   p o l y n o m i a l ,   as  shown  in  e q u a t i o n   3 . 1 .  



I n  e x p l a i n i n g   t he   i n v e n t i o n ,  a   a n d    a r e   used  t o  

i d e n t i f y   t he   e n t r a n c e   a n g l e   of  a  c u r v e   s e g m e n t   at   a  f i r s t  

k n o t   end  p o i n t   and  the   e x i t   a n g l e   made  by  t h a t   same  c u r v e  

s e g m e n t   a t   a  s u c c e s s i v e   s e c o n d   k n o t   end  p o i n t ,   in  the   k n o t  

o r d e r .   The  f i r s t   and  s e c o n d   k n o t s   d e f i n e   t he   e n t r a n c e   a n d  

e x i t   k n o t s   of  t he   c u r v e   s e g m e n t ,   w i t h   r e g a r d   to  t he   o r d e r   o f  

k n o t s   and  the   o u t l i n e   l o o p ,   as  e x p l a i n e d   b e l o w .   H o w e v e r ,  a  

a n d    a r e   d e f i n e d   r e l a t i v e   to  a  r e f e r e n c e   a n g l e   "q"  on  t h e  

m a s t e r   e n c o d i n g   c o o r d i n a t e   g r i d .   e  a n d  φ   a r e   t h e   e n t r a n c e  

a n g l e   and  e x i t   a n g l e   in  t he   c u b i c   p a r a m e t r i c   p o l y n o m i a l   o f  

3 .1   and  3 . 2 ,   d e f i n e d   r e l a t i v e   to  an  i n t e r k n o t   a n g l e   B 

b e t w e e n   t h e   e n t r a n c e   and  e x i t   k n o t s   ( i . e .   in  t he   p r e f e r r e d  

e m b o d i m e n t ,   @  =   -   B  ;  φ  =   B  -    ) .   The  p r e f e r r e d  

e m b o d i m e n t   u s e s   a  p r o c e s s   of  d e f i n i n g   t he   e n t r a n c e   a n g l e  a  

and  e x i t   a n g l e  g   in  t e r m s   of  t he   i n t e r k n o t   a n g l e s   on  t h e  

o u t l i n e   l o o p ,  a n d   w i t h   r e s p e c t   to  a  r e f e r e n c e   a n g l e   and  u s e s  

t h e   d e f i n i t i o n   of  the   e n t r a n c e   and  e x i t   a n g l e s   shown  as  e  

a n d  φ   when  a p p l y i n g   the   a n g l e s  a   and  ,   a t   t he   r e s p e c t i v e  

e n t r a n c e   and  e x i t   k n o t s ,   to  t he   c o m p i l e r ,   as  b a s e d   on  and  a s  

r e q u i r e d   by  the   d e r i v a t i o n   of  t he   c u b i c   p a r a m e t r i c  

p o l y n o m i a l ,   d e s c r i b e d   h e r e i n .   H o w e v e r ,   the   a n g l e s   @  a n d  φ  

c o u l d   be  d e r i v e d   d i r e c t l y   f rom  t he   i n t e r k n o t   a n g l e s   B  o r  

p r e c o m p u t e d   f rom  the   r e l a t i o n s h i p   of  t he   o u t l i n e   l o o p   k n o t s  

and  a c c e s s e d   d i r e c t l y   w i t h o u t   f i r s t   d e r i v i n g  a   a n d    a n d  

w i t h o u t   d e v i a t i n g   f rom  the   p r i n c i p l e s   of  the   i n v e n t i o n .  

The  p a r a m e t e r   " t "   of  3 .1   i s   a l l o w e d   to  v a r y   ove r   a  

d e f i n e d   r a n g e   as  f u r t h e r   e x p l a i n e d   b e l o w ,   and  fo r   e a c h  

d i s c r e t e   s e l e c t e d   v a l u e   of  t ,   a  d i s c r e t e   node  on  the   l o c u s  

of  t he   c u r v e   b e t w e e n   the   e n t r a n c e   and  e x i t   k n o t s   and  d e f i n e d  

by  the   p a r a m e t r i c   c u b i c   p o l y n o m i a l   i s   g e n e r a t e d   by  t h e  

c o m p i l e r .   The  n o d e s   would   be  t he   c o o r d i n a t e   l o c a t i o n   o f  

p o i n t s   on  t he   l o c u s   of  the   c u r v e   d e s c r i b e d   by  e q u a t i o n   3 . 1  

f o r   e a c h   s e l e c t e d   v a l u e   of  " t "   and  w h e r e   k n o t s   Z1  and  Z 2 ,  



and  t h e  a n g l e   of  t he   c u r v e   at   t h o s e   k n o t s ,   g i v e n   a s    a n d  

d e r i v e d   a b o v e ,   was  s p e c i f i e d .   The  d e r i v a t i o n   of  a ,   B,  ,   e ,  

a n d  φ   of  " t "   and  t h e i r   r e l a t i o n s h i p   a c c o r d i n g   to  t h e  

p r i n c i p l e s   of  t he   i n v e n t i o n   a r e   f u r t h e r   e x p l a i n e d   and  s h o w n  

b e l o w .  

I t   s h o u l d   be  n o t e d ,   h o w e v e r ,   t h a t   t he   form  of  t h e  

H e r m i t e   i n t e r p o l a t o r   used   in  t he   p r e f e r r e d   e m b o d i m e n t  

i m p o s e s   an  o p p o s i t e   s i g n   f o r  φ   t h a n   t h a t   shown  in  TEX  a n d  

METAFONT  shown  in  K n u t h .  

I t   s h o u l d   a l s o   be  n o t e d   t h a t   t he   d e v i a n c e   a n g l e s   e  a n d  

φ  r e p r e s e n t i n g   t h e   d i v e r g e n c e   b e t w e e n   t h e   s t r a i g h t   l i n e  

a n g l e   i n t e r k n o t   a n g l e   (B) ,   as  used   in  t he   c u b i c   p a r a m e t r i c  

p o l y n o m i a l   of  3 . 1 ,   3 . 2 .  

" t "   and  "s"   a f f e c t   t he   c u r v e   v e l o c i t i e s ,   as  d e s c r i b e d  

b e l o w   and  the   l e n g t h   of  t he   c u r v e   b e t w e e n   i t s   r e s p e c t i v e   e n d  

p o i n t s   ( i . e . ,   c u r v e   Z l ,   Z2  b e t w e e n   Z1,  Z2 ) .   " r "   and  "s"   a r e  

v e l o c i t i e s   a t   Z1,  Z2  r e s p e c t i v e l y ,   a  l a r g e   v e l o c i t y   v a l u e  

m e a n i n g   the   c u r v e   d i r e c t i o n   c h a n g e s   s l o w l y   w h i l e   s m a l l  

v a l u e s   i n d i c a t e   t h e   c u r v e   u n d e r g o i n g   more  p r o n o u n c e d  

d i r e c t i o n a l   c h a n g e s   [ s m a l l   v a l u e s   of  r  a n d   s  w i l l   t h e n   h a v e  

l e s s   i n f l u e n c e   on  the   v a l u e   of  x ( t )   or  y ( t ) ] .   T h e  

v e l o c i t i e s ,   r  a n d   s ,   in  TEX  and  METAFONT  a r e   r e p r e s e n t e d   a s  



C o n s i d e r i n g   the   e f f e c t   of  r  a n d   s  on  t he   c u r v e   l o c u s  
d e f i n e d   by  the   n o d e s ,   p r o d u c e d   t h r o u g h   t he   c u b i c   p o l y n o m i a l  

r e l a t i o n s h i p ,   t h e   v a l u e s   of  r  a n d   s  may  be  l i m i t e d   t o  
c o n t r o l   t h e   d i r e c t i o n   of  t he   c u r v e   f rom  the   e n t r a n c e   kno t   t o  
t h e   e x i t   k n o t .   In  t he   p r e f e r r e d   e m b o d i m e n t ,   r  a n d   s  a r e  
l i m i t e d   to  t h e   v a l u e s   of  0 .1   to  4 . 0 .   H o w e v e r ,   t h e s e   v a l u e s  

of  r  a n d   s  c o u l d   be  c h a n g e d   w i t h o u t   d e p a r t i n g   from  t h e  

p r i n c i p l e s   of  t he   i n v e n t i o n .  

As  d i s c u s s e d   in  t he   f o r e g o i n g ,   t he   s y s t e m   shown  t h e r e i n  

f o r   u s i n g   t h e   r e l a t i o n s h i p   of  t h e   p o i n t s   a l o n g   t h e   s m o o t h  

c u r v e   in  TEX  and  METAFONT  have   d i s a d v a n t a g e s   w h i c h   a r e  
e l i m i n a t e d   by  t h i s   i n v e n t i o n   w h i c h   w i l l   become  a p p a r e n t   b y  

r e a d i n g   the   f o l l o w i n g   e x p l a n a t i o n .  

As  e x p l a i n e d   a b o v e ,   in  u s i n g   t h e   p a r a m e t r i c   c u b i c  

p o l y n o m i a l   r e l a t i o n s h i p   to  d e f i n e   t he   n o d e s   a l o n g   a  s m o o t h  

c u r v e ,   TEX  and  METAFONT  s t a r t   w i t h   a  c i r c l e   a p p r o x i m a t i o n  

r u l e   and  t h e n   mus t   make  a d j u s t m e n t s   to  p r o d u c e   a  s m o o t h  

c o n t i n u o u s   c u r v e   b e t w e e n   g i v e n   p o i n t s .   In  t h i s   i n v e n t i o n ,  

t h o s e   d i s a d v a n t a g e s   a r e   e l i m i n a t e d   by  the   i n v e n t i o n -  

d e s c r i b e d   in  t h e   f o l l o w i n g .  

In  t he   p r e f e r r e d   e m b o d i m e n t ,   t he   s i g n   o f  f   i s   r e v e r s e d  

r e l a t i v e   to  t he   a n g l e   r o t a t i o n   used   in  TEX  and  METAFONT. 

The  p r i n c i p l e s   of  t h i s   i n v e n t i o n   as  a p p l i e d   to  t h e  

p r e f e r r e d   e m b o d i m e n t ,   may  now  be  p a r t i c u l a r l y   s e e n   w i t h  

r e f e r e n c e   to  FIG.   l a .   As  s t a t e d   a b o v e ,   a  s k e l e t a l   o u t l i n e  

is   d e s c r i b e d   by  a  p r o g r e s s i o n   of  a  s e r i e s   of  k n o t s   in  t h e  

o r d e r   of  Za,  Za+1  . .   Zn,  Z a - 1 ,   w h i c h   d e f i n e s   a  c l o s e d  

o u t l i n e   l o o p   a b o u t   t he   o u t l i n e   of  t he   c h a r a c t e r   or  s y m b o l .  

The  k n o t s   a re   e n c o d e d   as  c o o r d i n a t e   p o i n t s  i n   a  c l o s e d   d a t a  

l o o p ,   r e p r e s e n t i n g   t he   c l o s e d   o u t l i n e   l o o p .   As  s t a t e d ,   t h e  



o b j e c t   of  the   i n v e n t i o n   is   to  p r o d u c e   a  s e r i e s   of  n o d e s  

r e p r e s e n t i n g   d i s p l a y   c o o r d i n a t e s   on  the   l o c u s   of  a  c u r v e  

b e t w e e n   e a c h   of  t he   k n o t s ,   t he   c u r v e   b e i n g   s m o o t h   a n d  

c o n t i n u o u s .   H o w e v e r ,   as  w i l l   be  s h o w n ,   t he   p r i n c i p l e s   o f  

t h e   i n v e n t i o n   can  be  m o d i f i e d   so  a  s e r i e s   of  p o i n t s  

d e s c r i b i n g   s t r a i g h t   l i n e s   b e t w e e n   k n o t s   can  be  g e n e r a t e d   a n d  

s m o o t h   c o n t i n u o u s   c u r v e s   can  be  g e n e r a t e d   b e t w e e n   k n o t s  

w h i c h   a r e   i n t e r s p e r s e d   w i t h   s t r a i g h t   l i n e s .   In  a d d i t i o n ,  

c u s p s   can  be  f o r m e d   b e t w e e n   s m o o t h   c o n t i n u o u s   c u r v e   a n d / o r  

s t r a i g h t   l i n e s .  

The  s m o o t h   c o n t i n u o u s   c u r v e   is   p r o d u c e d   t h r o u g h   t h e  

p a r a m e t r i c   c u b i c   p o l y n o m i a l   r e l a t i o n s h i p   d e s c r i b e d   a b o v e .  

In  u s i n g   t h e   i n v e n t i o n ,   t he   f o l l o w i n g   p r i n c i p l e s   a r e  

a p p l i e d .   The  d a t a   l o o p   may  be  e n t e r e d   a t   t he   d a t a   v a l u e s  

r e p r e s e n t i n g   a  k n o t ,   Za  f o r   e x a m p l e ,   and  the   a n g u l a r  

r e l a t i o n s h i p   of  t h e   k n o t   (Za)  r e f e r e n c e d   to  a  p r e c e e d i n g  
k n o t   ( Z a - 1 )   and  to  a  s u c c e e d i n g   k n o t   in  t he   l o o p   a n a l y z e d .  
The  a n a l y s i s   may  t h e n   p r o c e e d   in  a  c l o c k w i s e   d i r e c t i o n  

a r o u n d   the   l o o p   w h i c h   may  be  c o n s i d e r e d   in  t he   f o r w a r d  

d i r e c t i o n .   H o w e v e r ,   as  s t a t e d ,   the   a n a l y s i s   can  p r o c e e d   i n  

a  c o u n t e r -   c l o c k w i s e   or  b a c k w a r d   d i r e c t i o n   w i t h   t h e  

d i r e c t i o n   b e i n g   u s e d   to  d e n o t e   or  i n d i c a t e   o t h e r   v a l u e s ,  

s u c h   as  c o l o r ,   or  o t h e r   c h a r a c t e r i s t i c s   as  may  be  n e e d e d .  

As  w i l l   be  u n d e r s t o o d ,   t he   d i r e c t i o n s   u sed   h e r e i n   a r e   c h o s e n  

fo r   e x p l a n a t i o n   and  do  n o t   l i m i t   t he   i n v e n t i v e   p r i n c i p l e s .  

FIG.   la   r e p r e s e n t s   a  s e r i e s   of  k n o t s   Za,  Za+1,   Za+2  - - -  

Za+n ,   Za-1  a r r a n g e d   in  a  c l o s e d   o u t l i n e   l o o p ,   e n c o d e d  

r e l a t i v e   to  a  m a s t e r   e n c o d i n g   g r i d   and  p a r t i a l l y   d e f i n i n g ,  

in  s k e l e t a l   f o r m ,   t he   p o i n t s   on  a  c l o s e d   o u t l i n e   l o o p ,   s u c h  

as  o u t l i n e   11,   13,  15,   or  17,   shown  in  FIG.   l b .   T h e  

i n t e r k n o t   a n g l e s ,   t he   a n g l e s   f rom  k n o t   to  k n o t   ( i . e .   f r o m  

k n o t   Za-1   to  k n o t   Za)  a r e   d e n o t e d   g e n e r a l l y   by  t he   l e t t e r  



"B"  w i t h   a  s u b s c r i p t   r e f e r e n c e   i n d i c a t i n g   t h a t   the   a n g l e   i s  

f o r m e d   by  a  s t r a i g h t   l i n e   f rom  a  r e s p e c t i v e   k n o t ,   Ba-1  f o r  

e x a m p l e ,   to  a  s u c c e s s i v e   k n o t   Ba  in  t he   o u t l i n e   l o o p .   T h e  

t e r m s   " p r e c e d i n g "   and  " s u c c e s s i v e "   can  be  used   w i t h  

r e f e r e n c e   to  t he   d e f i n e d   o r d e r   of  k n o t s   in  t he   o u t l i n e   l o o p ,  
i . e .   e i t h e r   c l o c k w i s e   or  c o u n t e r c l o c k w i s e ,   as  the   c a s e   may  
be .   In  FIG.   l a ,   t he   k n o t   a n g l e s   B  a r e   shown  as  Bar  B a + 1 ,  

Ba+2 ,   and  so  on  f o r   r e s p e c t i v e   k n o t s .  

The  m a n n e r   of  a p p l y i n g   t h e   c u b i c   p a r a m e t r i c   p o l y n o m i a l  

c o m p i l e r   in  t h e   p r e f e r r e d   e m b o d i m e n t   to  d e f i n e   n o d e s   b e t w e e n  

t h e   k n o t s   a l o n g   t he   l o c u s   of  a  s m o o t h   c u r v e   u t i l i z e s   t h e  

d e v i a n c e   a n g l e   e  a t   t he   c u r v e   e n t r a n c e   k n o t   and  t he   d e v i a n c e  

a n g l e  $   a t   t he   c u r v e   e x i t   k n o t .   The  d e v i a n c e   a n g l e s   e  and  φ 

may  a l s o   be  r e f e r r e d   to  as  e n t r a n c e   and  e x i t   a n g l e s .  

A c c o r d i n g   to  t h e   p r i n c i p l e s   of  t he   i n v e n t i o n ,   a n d  

a s s u m i n g   a  s m o o t h   and  c o n t i n o u s   c u r v e   s e g m e n t   is  d e s i r e d   t o  

be  d e v e l o p e d   b e t w e e n   a  f i r s t   k n o t   Za  and  a  s e c o n d   k n o t   Z a + 1 ,  

f o r   t he   c u r v e   Za,   Za+1 ,   shown  as  n u m e r a l   21,   in  FIG.  l c ,  

t h e n   t he   i n v e n t i v e   p r i n c i p l e s   may  be  used   to  g e n e r a t e   a  

s e r i e s   of  s i g n a l s   r e p r e s e n t i n g   t he   d i s p l a y   c o o r d i n a t e s   f o r  

t h e   n o d e s   a l o n g   t he   l o c u s   of  t he   s m o o t h   c o n t i n u o u s   c u r v e   21  

as  f o l l o w s   and  s i m i l a r l y   fo r   t he   c u r v e s   b e t w e e n   o t h e r s   o f  

r e s p e c t i v e   p a i r s   of  k n o t s .   The  d a t a   e n c o d i n g   of  t he   k n o t s  

r e p r e s e n t i n g   e a c h   of  t he   c l o s e d   o u t l i n e   l o o p s   may  a l s o   b e  

t h o u g h t   of  as  a  l o o p ,   or  c l o s e d   d a t a   l o o p ,   i n d i c a t i v e   of  a n d  

r e p r e s e n t i n g   t he   p h y s i c a l   a r r a n g e m e n t   of  t he   k n o t s   in  t h e  

c l o s e d   o u t l i n e   l o o p   a b o u t   the   c h a r a c t e r   or  s y m b o l   o u t l i n e .  

As  s t a t e d ,   t he   o u t l i n e   l o o p   and  t he   d a t a   l o o p   t h e r e f o r e ,   may 

be  t h o u g h t   of  as  an  o r d e r   of  k n o t s   in  t he   l o o p   p a t h   a n d  

r e l a t e d   to  a  p r e d e t e r m i n e d   l o o p   d i r e c t i o n   fo r   such   o r d e r  

( c l o c k w i s e   or  c o u n t e r -   c l o c k w i s e ,   f o r   e x a m p l e ) .   W i t h i n   t h a t  

p r o g r e s s i o n ,   and  fo r   t he   r e s p e c t i v e   o u t l i n e   l o o p   d i r e c t i o n ,  



i t   can  be  e a s i l y   s e e n   t h a t   e a c h   k n o t   ( i . e .   Za)  r e p r e s e n t s  
an  e x i t   p o i n t   f o r   t he   c u r v e   s e g e m e n t   of  t he   o u t l i n e   l o o p   i n  

t h e   k n o t   o r d e r   shown  by  the   d i r e c t i o n   of  a r r o w   28,   from  a  

p r e c e d i n g   l o o p   k n o t   ( i . e .   Za -1 )   and  a t   t he   same  t i m e ,   t h e  

e n t r a n c e   p o i n t   f o r   t he   c u r v e   s e g m e n t   f rom  t h a t   k n o t   ( i . e .  

Za)  to  a  s u c c e s s i v e   k n o t   ( i . e .   Z a + l ) .   The  n o d e s ,   g e n e r a t e d  

as  e x p l a i n e d   b e l o w   a r e   g i v e n   an  o r d e r   in  t h e   o u t l i n e   l o o p  
r e l a t e d   to  t h e   o r d e r   of  k n o t s   on  t he   o u t l i n e   l o o p   and  t h e  

e n c o d i n g   fo r   t he   n o d e s   is  s i m i l a r l y   a r r a n g e d   on  the   d a t a  

l o o p   in  t he   o r d e r   of  t h e   k n o t s .  

In  e x p l a i n i n g   t h e   i n v e n t i o n ,   t he   c o n v e n t i o n   u sed   f o r  

i d e n t i f y i n g   a  c u r v e   p a r t   of  t he   o u t l i n e   l o o p   b e t w e e n   k n o t s  

i s   to  r e f e r   to  i t   by  i t s   k n o t   end  p o i n t s ,   ( i . e .   c u r v e   p a r t  
21  i s   c u r v e   Za,  Z a + 1 ) ·   S i m i l a r l y ,   a  c o n v e n t i o n   is   used   t o  

i d e n t i f y   a  c u r v e   e n t r a n c e   and  e x i t   a n g l e   as  e x p l a i n e d   b e l o w .  

The  e n t r a n c e   a n g l e  φ   f o r   c u r v e   Za,  Za+1  ( b e t w e e n   k n o t s  

Za  and  Z a + l ) ,   a c c o r d i n g   to  our   c o n v e n t i o n ,   would   be  t h e  

a n g l e   r e p r e s e n t e d   by  t he   f i r s t   d e r i v a t i v e   of  t he   c u r v e   Z a ,  

Z a + l  a t   k n o t   Z a  a n d   t he   e x i t   a n g l e    would   be  t he   a n g l e  

r e p r e s e n t e d   by  t he   f i r s t   d e r i v a t i v e   of  the   c u r v e   s e g m e n t   a t  

t h e   n e x t   s u c c e s s i v e   k n o t   Z a + 1 .  

As  would   be  u n d e r s t o o d ,   w h e r e   a  smoo th   c o n t i n u o u s   c u r v e  

i s   d e s i r e d   to  p a s s   t h r o u g h   a  k n o t ,   ( i . e .   Za)  t h e n   t h e  

e n t r a n c e  a n g l e   ,   a t   a  k n o t   wou ld   be  t he   same  as  t he   e x i t  

a n g l e    a t   t h a t   same  k n o t   f o r   t h e   p r e c e d i n g   c u r v e   s e g m e n t  

Z a - 1 .   Z a .  

In  e x p l a i n i n g   t h e   p r i n c i p l e s   of  t he   i n v e n t i o n ,   t h e  

e n t r a n c e   a n g l e s    and  e x i t   a n g l e s    fo r   c u r v e   s e g m e n t s  

s t a r t i n g   and  e n d i n g   a t   k n o t s   a r e   d e f i n e d   fo r   t h e   r e s p e c t i v e  

k n o t s   a c c o r d i n g   to  t he   f o l l o w i n g   c o n v e n t i o n .   The  c u r v e  



s e g m e n t s   may  be  t h o u g h t   of  as  h a v i n g   an  e n t r a n c e   a n g l e    a t  
t h e   k n o t   w h e r e   t he   o u t l i n e   l o o p ,   in  t he   d e f i n e d   p r o g r e s s i v e  
o r d e r   of  k n o t s ,   e n t e r s   a  r e s p e c t i v e   c u r v e   s e g m e n t   ( i . e .  
c u r v e   Za,  Za+1)  f o r m i n g   an  e n t r a n c e   a n g l e  a   a t   t h a t  

e n t e r i n g   k n o t ,   and  an  e x i t   a n g l e    at   t he   n e x t   s u c c e s s i v e  
k n o t   in  t he   l o o p   w h e r e   t he   l o o p   e x i t s   c u r v e   s e g m e n t   Za,  2 a + 1  
f o r m i n g   e x i t   a n g l e  a   a t   k n o t   Za+1 ·   In  t he   c o n v e n t i o n  
c h o s e n ,   t he   e n t r a n c e   and  e x i t   a n g l e s   ( a ,   a )   fo r   a  c u r v e  

s e g m e n t   (Za,   Za+ l )   of  t he   l o o p   a r e   r e f e r e n c e d   to  t h e  
e n t r a n c e   k n o t   ( Z a ) .   The  e n t r a n c e   a n g l e ,   a ,   and  the   e x i t  

a n g l e ,   a ,   t h e r e f o r e   have   a  s u b s c r i p t   r e f e r e n c e   to  t h e  
e n t r a n c e   k n o t   Za,  bu t   r e f e r   to  t he   c u r v e   s e g m e n t   of  the   l o o p  
and  the   a n g l e   t h a t   c u r v e   s e g m e n t   makes   a t   a  f i r s t   k n o t   Za  
w h e r e   t h e   l o o p   e n t e r s   t he   c u r v e   Za,  Za+l   and  the   a n g l e   a t   a  
s u c c e s s i v e   k n o t   (Za+1)  r e l a t i v e   to  t he   o u t l i n e   l o o p  
d i r e c t i o n   w h e r e   i t   e x i t s   t he   c u r v e   Za,  Za+1·   The  e n t r a n c e  

a n g l e ,   a ,   is  t h e n   t he   a n g l e   t he   l o o p   makes   as  i t   p a s s e s  
t h r o u g h   k n o t   Za,  e n t e r s   c u r v e   Za,  Za+1.   and  c o n t i n u e s   on  t o  

k n o t   Za+1·   The  e x i t   a n g l e ,   a ,   is   t he   a n g l e   t he   l o o p   m a k e s  

as  i t   p a s s e s   t h r o u g h   k n o t   Za+1 ,   e x i t s   c u r v e   Za,  Za+1,   e n t e r s  

t he   n e x t   s u c c e s s i v e   c u r v e   Za+1,   Za+2  and  c o n t i n u e s   on  to  t h e  
n e x t   s u b s e q u e n t   e x i t   k n o t ,   Za+2 .   In  s u m m a r y ,   t h e  e n t r a n c e  

a n g l e  ,   ,   and  e x i t   a n g l e ,   ,   a c c o r d i n g   to  t he   c o n v e n t i o n  

c h o s e n   to  e x p l a i n   t he   p r i n c i p l e s   of  t h i s   i n v e n t i o n ,   r e f e r   t o  

a  c u r v e   s e g m e n t   of  a  l o o p   o u t l i n e   b e t w e e n   two  k n o t s   such   a s  

Za  and  2 a + 1 ,   t he   e n t r a n c e   a n g l e   a   b e i n g   t he   t a n g e n t   a n g l e  

or  f i r s t   d e r i v a t i v e   t he   o u t l i n e   l o o p   makes   as  i t   e n t e r s  

c u r v e   Za,  Za+l   a t   p r e c e d i n g   k n o t   end  p o i n t   Za  in  t he   o u t l i n e  

l o o p   d i r e c t i o n ,   and  the   e x i t   a n g l e ,   a ,   the   t a n g e n t   or  f i r s t  

d e r i v a t i v e   of  t he   o u t l i n e   l o o p   i t   makes   as  i t   e x i t s   t h a t  

c u r v e   Za,  Za+l   a t   k n o t   end  p o i n t   Za+l   and  e n t e r s   the   n e x t  

s u c c e s s i v e   c u r v e   Za+l   Za+2 ,   in  t he   o u t l i n e   l o o p   d i r e c t i o n .  

As  can  be  s e e n ,   t he   e x i t   a n g l e ,   a ,   f o r   t he   c u r v e   Za.  Za+1  

is   t he   same  a n g l e   as  t he   e n t r a n c e   a n g l e   a + 1 ,   fo r   t he   n e x t  



s u c c e s s i v e   c u r v e   Za+1,   Za+2 ,   in  t he   o u t l i n e   l o o p   d i r e c t i o n .  

S i m i l a r l y ,   t he   e n t r a n c e   a n g l e ,   a   i s   t he   e x i t   a n g l e ,   a - 1  

f o r   t he   p r e c e e d i n g   c u r v e   Z a - 1 ,   Za.  I t   w i l l   be  u n d e r s t o o d   b y  

t h o s e   s k i l l e d   in  t he   a r t   t h a t   t h e s e   c o n v e n t i o n s   can  b e  

c h a n g e d   w i t h o u t   c h a n g i n g   the   p r i n c i p l e s   of  t he   i n v e n t i o n .  

W h e r e a s   K n u t h   u s e s   t h e   r u l e   t h a t   a  s m o o t h   c o n t i n u o u s  

c u r v e   l o c u s   b e t w e e n   p o i n t s ,   such   as  f rom  Za-1   to  Za  to  Z a + 1 ,  
mus t   t a k e   t he   d i r e c t i o n   of  a  c i r c l e ,   t h e   i n v e n t i o n   h e r e i n  

a v o i d s   t h a t   r u l e   and  t he   p r o b l e m s   c r e a t e d   t h e r e b y   by  u s i n g  

an  a v e r a g e   of  t he   i n t e r k n o t   a n g l e s   (B)  r e l a t i v e   to  a  k n o t   t o  

d e f i n e   t he   r e s p e c t i v e   k n o t   e n t r a n c e   and  e x i t   a n g l e s ,    a n d  

r e s p e c t i v e l y ,   and  t h e r e b y   @  a n d  φ   r e s p e c t i v e l y .  

For  e x a m p l e ,   in  FIG.   l c ,   fo r   the   c u r v e   Za,  Za+1,   s h o w n  

as  n u m e r a l - 2 1 ,   t h e   e n t r a n c e   a n g l e   a   a t   k n o t   Za  of  the   c u r v e  

Za,   Za+1 ,   fo r   e x a m p l e ,   i s   r e l a t e d   to  t he   a v e r a g e   of  t h e  
i n t e r k n o t   a n g l e s   Ba-1   ( f r o m   t h e   p r e c e e d i n g   k n o t   Za-1  to  k n o t  

Za)  and  Ba  ( f rom  Za  to  t h e   s u c c e e d i n g   k n o t   Z a + 1 ) ·   T h a t  

a v e r a g e   a n g l e   of  t h e   o u t l i n e   l o o p   at   any  k n o t   Z  is  a ; s o  
e x p r e s s e d   a s    when  r e f e r r i n g   to  t he   e n t r a n c e   a n g l e   at   a  

k n o t   and  i n t o   a  c u r v e   s e g m e n t   a n d  g   when  r e f e r r i n g   to  t h e  

e x i t   a n g l e   f rom  a  k n o t   and  ou t   of  a  c u r v e   s e g m e n t .   In  t h e  

c a s e   of  k n o t   Za,  t he   a v e r a g e   e n t r a n c e   a n g l e   wou ld   be  a   f o r  

t h e   c u r v e   Za,  Za+1  ( shown   by  n u m e r a l   2 1 ) ,   p r o c e e d i n g   from  Za  
to  Za+1  in  t h e   o r d e r   shown  by  a r r o w   20  and  a - 1   fo r   t h e  

a v e r a g e   e x i t   a n g l e   fo r   t he   c u r v e   Z a - 1 ,   Za  ( shown  by  n u m e r a l  

2 3 ) ,   p r o c e e d i n g   f rom  Za-1   to  Za  in  t he   o r d e r   shown  by  a r r o w  

2 0 .  

The  a n g l e s  a   o r  g   a r e   a l w a y s   r e f e r r e d   to  as  e n t r a n c e  

and  e x i t   a n g l e s   r e s p e c t i v e l y   h e r e i n ,   bu t   m a y  o r   may  not   b e  

a v e r a g e   a n g l e s   or  n o t   d e p e n d i n g   on  the   a p p l i c a t i o n   of  e a c h ,  

as  e x p l a i n e d   h e r e i n .  



T h e   i n v e n t i o n   is   e x p l a i n e d   w i t h   r e f e r e n c e   to  t h e  

e x a m p l e   of  c u r v e   Za,  Za+1 ,   w h e r e i n   Za  is   t he   e n t r a n c e   k n o t  
and  Za+l   i s   t he   e x i t   k n o t ,   i t   b e i n g   u n d e r s t o o d   t h a t   t he   s a m e  
a n a l y s i s   wou ld   a p p l y   to  o t h e r   c u r v e   s e g m e n t s   e i t h e r  

a d j o i n i n g   or  f u r t h e r   r e m o t e   f rom  c u r v e   Za,  Za+1  and  h a v i n g  
r e s p e c t i v e   e n t r a n c e   and  e x i t   k n o t s .  

In  u s i n g   t h e   c o m p i l e r   to  g e n e r a t e   t he   n o d e s   a l o n g   a  
s m o o t h   c o n t i n u o u s   c u r v e ,   t he   e n c o d e d   d a t a   l o o p   r e p r e s e n t i n g .  
t h e   k n o t s   a l o n g   t h e   c l o s e d   o u t l i n e   l o o p   may  be  e n t e r e d   a t  

any  s e t   of  d a t a   r e p r e s e n t i n g   any  k n o t   Z,  f o r   e x a m p l e ,  

d e s i g n a t e d   to  be  t h e   e n t r a n c e   k n o t   and  t he   a v e r a g e   a n g l e  
d e t e r m i n e d   by  p r o c e e d i n g   in  t he   c h o s e n   l o o p   d i r e c t i o n   u s i n g  
t h e   i n t e r a n g u l a r   r e l a t i o n s h i p s   of  a  k n o t   to  i t s   r e l a t e d  

k n o t s   in  t he   l o o p ,   to  d e t e r m i n e   the   a v e r a g e   a n g l e s    a n d  

a t   such   r e l a t e d   k n o t s .   In  t he   p r e f e r r e d   e m b o d i m e n t ,   t h e s e  

r e l a t e d   k n o t s   a r e   a d j a c e n t   k n o t s   to  t he   n e x t   s u c c e s s i v e   k n o t  

to  t he   e n t r a n c e   k n o t .  

In  t he   p r e f e r r e d   e m b o d i m e n t ,   t he   i n v e n t i v e   p r i n c i p l e s  
of  g e n e r a t i n g   t h e   n o d e s   on  t h e   s m o o t h   c o n t i n u o u s   c u r v e  
l o c u s ,   s t a r t s   w i t h   a  f i r s t   a v e r a g e   a n g l e ,   d e t e r m i n e d   for   t h e  

k n o t   c o o r d i n a t e   s u c c e s s i v e   to  t he   d a t a   l o o p   e n t r a n c e   k n o t ,  
and  w h i c h   i s   r e p r e s e n t e d   by  t he   d a t a   r e s i d i n g   a t   t h e  

l o c a t i o n   in  t h e   c l o s e d   d a t a   l o o p   whe re   t h a t   d a t a   l o o p   w a s  

e n t e r e d .   The  i n t e r k n o t   a n g l e   fo r   t he   e n t r a n c e   k n o t   is  t h e n  

s a v e d   and  u sed   a t   t he   c o m p l e t i o n   of  t he   l o o p   a n a l y s i s   t o  

d e t e r m i n e   the   a v e r a g e   e n t r a n c e   and  e x i t   a n g l e s   a t   t h a t  

e n t r a n c e   k n o t   when  t he   o u t l i n e   l o o p   a n a l y s i s   r e a c h e s   t h a t  

e n t r a n c e   k n o t   in  t he   c l o s e d   o u t l i n e   l o o p   k n o t .   Where  t h e  

d a t a   l o o p   e n t r a n c e   k n o t   is  Z a - 1 ,   i t s   a v e r a g e   a n g l e   would  be  

d e t e r m i n e d   u s i n g   the   p r e c e d i n g   i n t e r k n o t   a n g l e s   Ba-2  a n d  

Ba-1   fo r   r e l a t e d   k n o t s   Za-1   and  Z a - 2 .  



F o l l o w i n g   the   a b o v e ,   t he   a v e r a g e   a n g l e  a   and  e x i t  

a n g l e   a - 1   a t   k n o t   Za  i s   t he   a v e r a g e   of  Ba-1  and  Ba  a n d  

e x p r e s s e d   a s  

The  a v e r a g e   e x i t   a n g l e  a   and  e n t r a n c e   a n g l e   a + 1   a t  

k n o t   Za+1  is   t he   a v e r a g e   of  Ba  and  Ba+1  and  e x p r e s s e d   a s  

As  s h o w n ,   t he   a v e r a g e   e n t r a n c e   a n g l e    fo r   any  c u r v e  

s e g m e n t   i s   t h e   a v e r a g e   of  t he   i n t e r k n o t   a n g l e s   at   t h e  

r e s p e c t i v e   c u r v e   s e g m e n t   k n o t   and  a t   r e l a t e d   k n o t s ,   ( i . e .  

t h e   p r e c e d i n g   k n o t   in  t he   o u t l i n e   l o o p )   and  t he   a v e r a g e   e x i t  

a n g l e  4   is   t he   a v e r a g e   of  t he   i n t e r k n o t   a n g l e s   a t   t h e  

r e s p e c t i v e   c u r v e   s e g m e n t   e x i t   k n o t   and  a t   r e l a t e d   k n o t s  

( i . e .   t he   n e x t   s u c c e s s i v e   kno t   in  t he   o u t l i n e   l o o p ) ,   a s  

shown  a b o v e .  

The  p a r a m e t r i c   c u b i c   p o l y n o m i a l   c o m p i l e r   may  t h e n   b e  

e m p l o y e d   to  r e l a t e   t he   e n t r a n c e   and  e x i t   a n g l e s   ,    fo r   t h e  

r e s p e c t i v e   e n t r a n c e   and  e x i t   k n o t s   to  a  s e r i e s   of  n o d e s  

d e s c r i b i n g   t he   l o c u s   of  a  s m o o t h   c u r v e   b e t w e e n   t h e  

r e s p e c t i v e   e n t r a n c e   and  e x i t   k n o t s   ( i . e .   Za,  Z a + 1 ) .   F o r  

t h e   e x a m p l e   a b o v e ,   t he   k n o t s   a r e   Za,  Za+1  and  t he   r e s p e c t i v e  

e n t r a n c e   and  e x i t   a n g l e s   a r e   a   and  a   f o r   c u r v e   Za,  2 a + 1 .  

The  c u r v e   v e l o c i t i e s   r  a n d   s  a r e   r e l a t e d   to  t h e  

d e v i a n c e   a n g l e s   e  and  φ,  as  s e t   f o r t h   a b o v e   and  as  used   i n  

e q u a t i o n   4 . 1 ,   4 . 2 ,   4 . 3 .   As  s t a t e d   in  t h e   f o r e g o i n g ,   @  i s  

t h e   d e v i a n c e   b e t w e e n   t h e   a v e r a g e   e n t r a n c e   a n g l e ,   f o r  



e x a m p l e ,  a   f o r   c u r v e   Za,  Za+1 ,   at   an  e n t r a n c e   k n o t   Za  a n d  
t h e   i n t e r k n o t   a n g l e   Ba  a t   t h a t   e n t r a n c e   k n o t   Za.  S i m i l a r l y ,  
φ  is   t he   d e v i a n c e   b e t w e e n   t he   a v e r a g e   e x i t   a n g l e ,   f o r  

e x a m p l e ,   a t   t he   e x i t   k n o t ,   Za+1 ,   fo r   t he   c u r v e   Za,  Za+1  a n d  
t h e   i n t e r k n o t   a n g l e   Ba  a t   t h a t   e n t r a n c e   k n o t   Z a .  

The  r e l a t i o n s h i p s   b e t w e e n   a ,   Ba,  a ,   @a  and  φa  m a y  b e  
more  c l e a r l y   s e e n   in  FIGS.   ld  and  le   fo r   k n o t s   Za  and  Z a + l  
r e s p e c t i v e l y .  

As  a  r e m i n d e r ,   i t   s h o u l d   be  r e m e m b e r e d   t h a t   t he   a n g l e s ,  
@  a n d  φ   a r e   t he   t a n g e n t s   to  t h e   l o c u s   of  t he   c u r v e  

r e p r e s e n t e d   b y   t he   n o d e s   g e n e r a t e d   u s i n g   the   c u b i c  

p a r a m e t r i c   p o l y n o m i a l   c o m p i l e r   w i t h   r e s p e c t   to  t h e  

r e s p e c t i v e   i n t e r k n o t   a n g l e s .  

The  c o o r d i n a t e   v a l u e s   of  Za,  Za+1 ,   used   t h r o u g h   t h e  

p a r a m e t r i c   c u b i c   p o l y n o m i a l   c o m p i l e r   to  g e n e r a t e   the   n o d e  

v a l u e s   a re   t he   s c a l e d   i n t e r c e p t   v a l u e s   g i v e n   in  R R U ' s ,  

d e r i v e d   f rom  t he   m a s t e r   e n c o d e d   v a l u e s   of  the   k n o t s ,   i n  

DRUs.  For  e x a m p l e ,   a s s u m i n g   an  e n c o d i n g   g r i d   shown  as  an  M2 

in  FIG.   3  and  d e f i n e d   as  864  X  864  DRU's  b e t w e e n   m a s t e r  

e n c o d i n g   g r i d   ( x , y )   c o o r d i n a t e s   592 ,   736 ;   592 ,   1600;   1 4 5 6 ,  

1600  and  1 4 5 6 ,   448  ( w h e r e i n   x , y   p o i n t s   592 ,   736  a r e   d e f i n e d  

as  r e l a t i v e   0 , 0 ,   r e l a t i v e   to  an  x,  y  o f f s e t   of  592 ,   7 3 6  

r e s p e c t i v e l y )   and  w h e r e i n   t h e   e n c o d i n g   g r i d   is  d e f i n e d   a s  

2047  by  2047  D R U ' s .  

In  t he   p r e f e r r e d   e m b o d i m e n t ,   t he   u n i v e r s e   of  t he   m a s t e r  

e n c o d i n g   g r i d   c o m p r i s i n g   the   M2  is   32768  X  32768  DRU's  a n d  

t h e   o f f s e t   w h i c h   p o s i t i o n s   t he   o r i g i n   of  t he   M2  can  b e  

p o s i t i o n e d   a n y w h e r e   in  t h a t   u n i v e r s e .   In  t he   p r e f e r r e d  

e m b o d i m e n t ,   the   x  and  y  o f f s e t s   and  shown  in  FIG.  3 .  



The  x , y   c o o r d i n a t e s   of  t he   i n t e r c e p t   l o c a t i o n s   f o r  

k n o t s   za  a t   t h e   d i s p l a y e d   s i z e   in  RRU's   may  be  d e r i v e d   p r i o r  

to  g e n e r a t i n g   t he   n o d e s   by  s c a l i n g ,   u s i n g   t h e   f o l l o w i n g  
c o n v e r s i o n   f a c t o r   (CF) ,   f o r   t he   p r e f e r r e d   e m b o d i m e n t .  

W h e r e :  

"P"  in  t h e   d e s i r e d   d i s p l a y   s i z e   in  p o i n t s   per   M2  ( P t / M 2 ) ,  

" R e s "   i s   t he   r a t i o   of  m i c r o m e t e r s   p e r   p o i n t   ( uM/P t )   a n d  

s e r v e s   to  c o n v e r t   t he   d i s p l a y   s i z e   from  p o i n t s   to  m e t r i c  

u n i t s ;  

"RRU/MM"  is   t he   d i s p l a y   r e s o l u t i o n   in  R a s t e r   R e s o l u t i o n  

U n i t s   per   M i c r o m e t e r ;  

M2/DRU  i s   t he   i n v e r s e   of  t he   e n c o d i n g   g r i d   r e s o l u t i o n ,   i n  

DRUs  pe r   M2, 

a n d  

For  M a s t e r   C o o r d i n a t e   Zn(Xn ,   Y n ) ,  
a n d  

The  v a l u e   of  t he   p a r a m e t e r   t  may  be  d e r i v e d   from  t h e  

r e s p e c t i v e   c u r v e   s e g m e n t   i n t e r k n o t   d i s t a n c e   Zd =   I  Z n + 1  -   Zn  

I  g i v e n   a f t e r   s c a l i n g   in  RRUs,  as  d e s c r i b e d   b e l o w .   T h e  

g e n e r a t e d   c o o r d i n a t e s   f o r   t he   n o d e s   a r e   e x p r e s s e d   in  R R U ' s  

p e r m i t t i n g   run  l e n g t h   e n c o d i n g   of  t he   d i s p l a y   o u t l i n e  

c o o r d i n a t e s .   Where   Zd  i s   a  n o n - i n t e g e r ,   the   f r a c t i o n a l  

v a l u e   may  be  d i s c a r d e d   or  r o u n d e d   w i t h   r e d u n d a n t   v a l u e s  

e l i m i n a t e d .  

In  the   p r e f e r r e d   e m b o d i m e n t   of  t h i s   i n v e n t i o n ,   t h e  

i n c r e m e n t a l   v a l u e   of  t  is  r e l a t e d   to  t h e  i n v e r t e d   v a l u e   o f  

t he   a b s o l u t e   d i f f e r e n c e   Zd  b e t w e e n   t he   e n t r a n c e   and  the   e x i t  

k n o t s ,  



Zn  may  be  e a s i l y   d e r i v e d   f rom  the   a x i a l   d i f f e r e n c e   i n  

t h e   X  d i r e c t i o n ,   [ i . e .   Z d  -   [ ( X n + i - X n ) / C o s i n e ( B n ) ] ,   or  t h e  
a x i a l   d i f f e r e n c e   in  t h e   Y  d i r e c t i o n ,  

[ Z d  =   [ ( Y n + 1 - Y n ) / S i n e ( B n ) ] ;   Where  Xn  Yn+1;  Xn+1,   Yn+1  a r e  
s u c c e s s i v e   k n o t s   d e f i n i n g   end  p o i n t s   fo r   a  c u r v e   s e g m e n t   o f  
t he   c l o s e d   o u t l i n e   l o o p   and  Bn  is  t he   i n t e r k n o t   a n g l e   t h e r e  

b e t w e e n ) .  

In  p r a c t i c e ,   i t   is   b e t t e r   to  use   t h e   l a r g e r   a x i a l   v a l u e  

in  t he   X  or  Y  d i r e c t i o n ,   to  m i n i m i z e   e r r o r .   In  i m p l e m e n t i n g  
t h e   i n v e n t i o n ,   t he   p r e f e r r e d   e m b o d i m e n t   l i m i t s   i n c r e m e n t s   o f  

t  to  1 / 1 0 2 4 .   D i s c r e t e   v a l u e s   of  T1  =   3 t 2  -   2 t 3 ,  

T 2  -   t 2 ( 1 - t )   and  T 3  -   t ( 1 - t ) 2   ( s e e   e q u a t i o n   3 . 1 ,   3 . 2 )   may  b e  

s t o r e d   in  a  l o o k - u p   t a b l e   f o r   1024  v a l u e s   of  t  in  the   r a n g e  
1 / 1 0 2 4   t  1 0 2 4 / 1 0 2 4 .  

In  p r a c t i c e   t  is   s t o r e d   in  t he   r a n g e   of  1 0 2 3 / 1 0 2 4  

b e c a u s e   t h e   k n o t   end  p o i n t   c o o r d i n a t e   c o r r e s p o n d i n g   to  t  =  

1 0 2 4 / 1 0 2 4   or  1  i s   s a v e d ,   a v o i d i n g   the   need  to  c a l c u l a t e   t h a t  

k n o t   end  p o i n t   and  p r o v i d i n g   a  more  r e l i a b l e   r e s u l t .  

F u r t h e r ,   b e c a u s e   of  t he   r e l a t i o n s h i p   of  T1,  T2  and  T 3 ,  

a  l o o k - u p   t a b l e   as  shown  in  FIG.   4,  h a v i n g   v a l u e s   of  T2 

s t a r t i n g   w i t h   t=0  and  e n d i n g   w i t h   a  v a l u e   of  T2  f o r   t = 1 ,   may  
be  a c c e s s e d   in  r e v e r s e   o r d e r   f o r   v a l u e s   of  T3,  as  shown  i n  

FIG.   4 .  

The  v a l u e s ,   shown  s t o r e d   in  a  l o o k - u p   t a b l e   in  FIG.  4 ,  

a r e   fo r   d i s c r e t e   v a l u e s   of  t  in  d i s c r e t e   s t e p s   of  1 / 1 0 2 4  

( i . e .   0 / 1 0 2 4   to  1 0 2 3 / 1 0 2 4 ) .   H o w e v e r ,   t  is   shown  b e i n g  

i n c l u s i v e   f r o m   0  to  1  f o r   t he   p u r p o s e   of  e x p l a n a t i o n ,   i t  

b e i n g   u n d e r s t o o d   t h a t   in  t he   p r e f e r r e d   e m b o d i m e n t ,   v a r i e s  

b e t w e e n   0  and  1 0 2 3 / 1 0 2 4   as  the   end  p o i n t   fo r   T2  1 0 2 4 / 1 0 2 4   i s  

k n o w n .  



B e c a u s e   the   f u n c t i o n s   d o m a i n   of  t he   v a r i a b l e   t  f o r   t h e  

s o l u t i o n   s e t s   T 2  -   t ( l - t ) 2   and  T3  =   t 2 ( 1 - t )   o v e r l a p ,   a  t a b l e  

of  v a l u e s   may  be  a c c e s s e d   in  one  d a t a   d i r e c t i o n   w i t h   r e s p e c t  

to  a  f i r s t   d o m a i n   of  v a r i a b l e s   f o r   w h i c h   t h e   v a l u e  

r e p r e s e n t s   a  s o l u t i o n   s e t .   S i m i l a r l y ,   t h a t   s o l u t i o n   s e t   m a y  
be  a c c e s s e d   in  an  o p p o s i t e   d a t a   d i r e c t i o n   fo r   a  s e c o n d  

d o m a i n   of  a  v a r i a b l e .  

A l s o ,   b e c a u s e   t h e   f u n c t i o n   I  1  +  C o s   I  S i n   i s  

s y m m e t r i c   a b o u t   45  d e g r e e s ,   i t   is   o n l y   n e c e s s a r y   to  s t o r e  

v a l u e s   t h e r e o f   f o r   0  to  45  d e g r e e s   in  h a l f   a n g l e   s t e p s .  

The  s o l u t i o n   s e t   of  v a l u e s   f o r   t h e   f u n c t i o n s   T2  and  T3 

may  be  a c c e s s e d   in  a  f i r s t   d a t a   d i r e c t i o n   to  p r o v i d e   t h e  

f u n c t i o n a l   s o l u t i o n   s e t   v a l u e s   f o r   t he   d o m a i n   t  =   0  to  t  =   1 

and  in  r e v e r s e   o r d e r   f o r   the   d o m a i n   t  =   1  to   t  =   0.  V a l u e s  

of  S i n e   may  be  s t o r e d   in  h a l f   a n g l e   s t e p s   b e t w e e n   0  and  90 
d e g r e e s .   F u r t h e r ,   any  d e r i v e d   n o d e s   may  be  s t o r e d   and  u s e d  

a g a i n   w h e r e   t h e   r e s p e c t i v e   c u r v e   or  c o r r e s p o n d i n g   s y m b o l  
o u t l i n e   l o o p   is  to  be  d u p l i c a t e d .  

By  f o r m i n g   a  c u m u l a t i v e   v a l u e   of  t  as  a  m u l t i p l e   of  t h e  

i n c r e m e n t a l   v a l u e   of  t  and  a p p l y i n g   c u m u l a t i v e   d i s c r e t e  

s e l e c t e d   v a l u e s   of  t  w i t h i n   t h e   p a r a m e t r i c   c u b i c   p o l y n o m i a l  

c o m p i l e r ,   a c c o r d i n g   to  e q u a t i o n   3 . 1 ,   d i s p l a y   i n t e r c e p t s  

r e p r e s e n t e d   by  the   g e n e r a t e d   n o d e s   a r e   p r o d u c e d   wh ich   may  
t h e n   be  u sed   as  t he   d i s p l a y   c o o r d i n a t e s   fo r   t he   c l o s e d   l o o p  
o u t l i n e   a t   t he   d e s i r e d   d i s p l a y   s i z e .  

As  s t a t e d   a b o v e ,   t he   v a l u e   of  @  a n d   used   in  t h e  

c o m p i l e r   a r e   d e r i v e d ,   a c c o r d i n g   to  t he   p r i n c i p l e s   of  t h e  

i n v e n t i o n   f rom  the   a v e r a g e   e n t r a n c e   and  e x i t   a n g l e s ,    a n d  

a t   a  r e s p e c t i v e   s e t   of  e n t r a n c e   and  e x i t   k n o t s .   The  n o d e s  

w h i c h   a r e   g e n e r a t e d   u s i n g   the   i n c r e m e n t a l   v a l u e   of  t  t o  



i n c r e m e n t   t he   c u m u l a t i v e   v a l u e   of  t  and  by  a p p l y i n g   d i s c r e t e  
s e l e c t e d   c u m u l a t i v e   i n c r e m e n t e d   t  v a l u e s   to  t he   c u b i c  

p a r a m e t r i c   p o l y n o m i a l   c o m p i l e r   to  p r o d u c e   r e s p e c t i v e   n o d e  
c o o r d i n a t e s   fo r   s u c h   d i s c r e t e   s e l e c t e d   v a l u e s   of  t .  

The  n o d e s ,   r e p r e s e n t   l o c a t i o n s   on  t he   c u r v e ,   w h i c h ,   a s  
s t a t e d   a b o v e ,   form  an  a n g l e   a t   t he   e n t r a n c e   kno t   of  t h e  ,  

c u r v e   as  g i v e n   b y  e ,   and  f o r m s   an  a n g l e   a t   t he   e x i t   k n o t  

g i v e n   b y  $   As  s t a t e d ,   an  o r d e r   is   c h o s e n   f o r   t he   k n o t s   a n d  

t h e   o r d e r   of  k n o t s   d e f i n e s   an  o u t l i n e   l o o p   of  k n o t s ,   t h e  

n o d e s   b e i n g   l o c a t i o n s   on  t h e   c u r v e ,   b e t w e e n   t he   k n o t s   a l s o  

h a v e   an  o r d e r   d e f i n e d   by  t h a t   k n o t   o r d e r   and  by  t he   d e f i n e d  

o u t l i n e   l o o p .   As  wou ld   be  u n d e r s t o o d   by  t h o s e   s k i l l e d   i n  

t h e   a r t ,   t h a t   o r d e r   i s   t he   s u c c e s s i o n   of  k n o t s   and  n o d e s  

e n c o u n t e r e d   as  one  p r o g r e s s e s   a l o n g   t h e   o u t l i n e   l o o p   a s  

s p e c i f i e d .   The  d a t a   fo r   t he   k n o t s   and  n o d e s ,   as  s t a t e d  

a b o v e ,   is   e n c o d e d   in  a  d a t a   l o o p   in  t h a t   same  o r d e r   of  k n o t s  

and  n o d e s .   The  e n c o d e d   k n o t s   and  n o d e s   a r e   p l a c e d   in  t h e  

d a t a   l o o p ,   in  t h a t   o r d e r   c o r r e s p o n d i n g   to  t h e   o u t l i n e   l o o p .  

T h e n ,   as  one  p r o g r e s s e s   in  t he   d e f i n e d   o r d e r   a l o n g   the   d a t a  

l o o p ,   c o r r e s p o n d i n g   to  t he   o u t l i n e   l o o p ,   one  would   e n c o u n t e r  

t h e   e n c o d i n g   f o r   t he   k n o t s   and  n o d e s   in  t he   d a t a   l o o p   in  a n  

o r d e r ,   c o r r e s p o n d i n g   to  t he   o r d e r   one  would   e n c o u n t e r   t h e  

r e s p e c t i v e   k n o t s   and  n o d e s   on  t h e   o u t l i n e   l o o p   r e p r e s e n t e d  

by  t h a t   s a i d   e n c o d i n g .  

In  s u m m a r y ,   g i v e n   t h e   k n o t   l o c a t i o n s ,   and  the   a n g l e s   o f  

t h e   c u r v e   a t   an  e n t r a n c e   and  e x i t   k n o t   as  d e f i n e d   a b o v e ,   a n d  

g i v e n   an  i n c r e m e n t a l   v a l u e   of  t ,   t h e n   each   d i s c r e t e   s e l e c t e d  

c u m u l a t i v e   v a l u e   of  t ,   as  d e s c r i b e d   a b o v e ,   a p p l i e d   to  t h e  

c u b i c   p o l y n o m i a l   p a r a m e t r i c   c o m p i l e r   would   p r o d u c e  

r e s p e c t i v e   n o d e s ,   i n d i c a t i v e   of  l o c a t i o n s   a l o n g   the   s m o o t h  

c o n t i n u o u s   c u r v e   d e s c r i b e d   by  the   c u b i c   p a r a m e t r i c  

p o l y n o m i a l .   The  e n c o d i n g   fo r   t he   k n o t s   and  n o d e s   would   b e  



in  t he   same  o r d e r   a l o n g   a  d a t a   l o o p   as  one  wou ld   e n c o u n t e r  

t h e   c o r r e s p o n d i n g   k n o t s   and  n o d e s   a l o n g   t he   o u t l i n e   l o o p ,  

when  p r o c e e d i n g   in  a  c h o s e n   o r d e r   a l o n g   t he   o u t l i n e   l o o p .  

The  o u t l i n e   l o o p ,   when  c l o s i n g   upon  i t s e l f   as  shown  i n  

FIG.   l b ,   f o r   e x a m p l e ,   is  c a l l e d   a  c l o s e d   o u t l i n e   l o o p .   T h e  

d a t a   when  e n c o d e d   in  a  d a t a   l o o p   w h i c h   c l o s e s   upon  i t s e l f  

c o r r e s p o n d i n g   to  t h e   c l o s e d   o u t l i n e   l o o p   is   c a l l e d   a  c l o s e d  

d a t a   l o o p .   In  t h i s   way,   a c c e s s i n g   t he   c l o s e d   d a t a   l o o p ,   i n  

a  d i r e c t i o n   c o r r e s p o n d i n g   to  t he   c h o s e n   d i r e c t i o n   a l o n g   t h e  

c l o s e d   o u t l i n e   l o o p   w i l l   r e t u r n   one  to  t h e   i n i t i a l   o r  

s t a r t i n g   d a t a   l o o p   e n t r a n c e   l o c a t i o n .   As  d e s c r i b e d   b e l o w ,  

t h e   d a t a   l o o p   d e c o d i n g   i s   n o t   c o m p l e t e   u n t i l   a  d e t e r m i n a t i o n  

i s   made  t h a t   t he   a c c e s s e d   l o c a t i o n   f o r   t h e   c l o s e d   d a t a   l o o p  

i s   s t a r t i n g - l o c a t i o n   p o i n t   and  t h a t   a c c e s s i n g   of  a l l   t h e  

e n c o d e d   d a t a   in  t he   c l o s e d   d a t a   l o o p   has   been   c o m p l e t e d .  

Of  c o u r s e ,   as  one  s k i l l e d   in  t he   a r t   wou ld   r e a l i z e ,  

v a r i a t i o n s   of  t he   a b o v e   c l o s e d   o u t l i n e   l o o p   and  c l o s e d   d a t a  

l o o p   can  be  made  w i t h o u t   d e p a r t i n g   f rom  t h e   p r i n c i p l e s   o f  

t h e   i n v e n t i o n .  

T h e s e   node  c o o r d i n a t e   v a l u e s   g i v e n   in  R a s t e r   U n i t s   may  

t h e n   be  u sed   in  run  l e n g t h   or  o t h e r   s u i t a b l e   d a t a   f o r m s   t o  

m o d u l a t e   a  d i s p l a y   to  p r o d u c e   t h e   c u r v e   a t   t he   d e s i r e d   s i z e ,  

as  is  w e l l   k n o w n .  

The  c o m p i l e r   a c c o r d i n g   to  t he   f o r e g o i n g   is   shown  b e l o w .  



ENCODING 

The  n o v e l   m a n n e r   of  e n c o d i n g   t he   d a t a   p a c k ,   a c c o r d i n g  
to  t he   p r i n c i p l e s   of  the   i n v e n t i o n ,   is   shown  in  t he   T a b l e   I  

b e l o w ,   w h e r e i n   p  is   t he   v a l u e   of  dx ,   q  i s   t he   v a l u e   of  d y  
and  0,  1,  2,  . . .   D,  E,  F,  a r e   b i t   p o s i t i o n s   in  t h e  

e n c o d e d   d a t a   p a c k .   In  t h e   p r e f e r r e d   e m b o d i m e n t ,   t he   b i t  

p o s i t i o n s   a r e   v a l u e d   a c c o r d i n g   to  t he   b i n a r y   number   s y s t e m .  
The  C o n t r o l   C o d e s ,   e x p l a i n e d   b e l o w ,   a r e   shown  in  T a b l e   I I .  

The  e n c o d i n g ,   shown  f o r   a  maximum  12  b i n a r y   w o r d s   of  3 

n i b b l e s ,   in  t h e   p r e f e r r e d   e m b o d i m e n t ,   is   u sed   to  d e f i n e   a  
c o n t r o l   code   or  c o o r d i n a t e   p o s i t i o n   fo r   t he   m a s t e r   e n c o d i n g  

g r i d .   I t   s h o u l d   be  u n d e r s t o o d   t h a t   t he   s i z e   of  t he   word  a n d  

t h e   number   of  n i b b l e s   u s e d ,   as  d e s c r i b e d   b e l o w   w o u l d  

i n c r e a s e   to  a c c o m m o d a t e   a  l a r g e r   u n i v e r s e ,   c o m m e n s u r a t e   w i t h  

a  l a r g e r   s i z e   m a s t e r   e n c o d i n g   g r i d .  

The  b i n a r y   w o r d s   a r e   e n c o d e d   in  a  s e r i e s   of  n i b b l e  

l e n g t h   d a t a   w o r d s ,   a r r a n g e d   in  t he   o r d e r   of  t he   d a t a   l o o p .  

In  t h i s   way,   as  w i l l   be  shown  b e l o w ,   t he   v a l u e s   of  s e l e c t e d  

d a t a   w o r d s   w i t h  a   n i b b l e   s e r i e s   may  be  used   t o  d e f i n e   t h e ,  

number   of  n i b b l e s   in  a  c o m p l e t e   i n f o r m a t i o n   s e t   and  t h e  

i n i t i a l   n i b b l e   or  b i t   p o s i t i o n s   in  t he   n e x t   s u c c e s s i v e  

c o m p l e t e   i n f o r m a t i o n   s e t .  

A  c o m p l e t e   i n f o r m a t i o n   s e t   (CIS)  wou ld   be  t h e   s e t   o f  

d a t a   w o r d s   n e c e s s a r y   to  c o m p l e t e l y   d e f i n e   t he   n e x t  

c o o r d i n a t e   or  a  c o n t r o l   c o d e ,   as  shown  b e l o w .  







The  d a t a   pack   f o r m i n g   t he   c l o s e d   d a t a   l o o p   is  used   f o r  

e n c o d i n g   t he   a x i a l   d i s t a n c e s   in  DRUs  ( p - d x g   q - d y )   b e t w e e n  

k n o t s ,   and  f o r   t he   d o u b l e   p u r p o s e   of  i d e n t i f y i n g   a n d  

a c c e s s i n g   o v e r r i d e   c o n t r o l   c o d e s .   T h e s e   o v e r r i d e   c o n t r o l  

c o d e s   a r e   u sed   to  s p e e d   the   d e c o d i n g   p r o c e s s   and  r e d u c e   t h e  

r e q u i r e m e n t   f o r   e n c o d e d   d a t a   d e s c r i b i n g   c o o r d i n a t e   p o i n t s  

w h i l e   o f f e r i n g   t he   f u r t h e r   o p t i o n   of  e d i t   c o m m a n d s .  

The  d a t a   pack   o v e r r i d e   c o n t r o l   c o d e s   may  be  used   t o  

o v e r r i d e   m a c h i n e   d e f a u l t   command  c o d e s   w h i c h   would   o t h e r w i s e  

be  r e s p o n s i v e   to  p a r a m e t e r s   e x p r e s s e d   w i t h i n   t h e   d a t a   p a c k .  

As  can  be  s e e n ,   t he   d a t a   pack   o f f e r s   t he   o p t i o n   of  f o l l o w i n g  

d e f a u l t   command  c o d e s ,   r e s p o n s i v e   to  p r e d e t e r m i n e d  

p a r a m e t e r s ,   s u c h   as  a n g l e s   b e t w e e n   k n o t s   or  i n t e r k n o t  

d i s t a n c e s ,   or  o v e r r i d e   c o n t r o l   c o d e s   f o r   g e n e r a t i n g   t h e  
d e s i r e d   s e r i e s   of  n o d e s   and  c u r v e   l o c u s   b e t w e e n   k n o t s .  

In  t he   p r e f e r r e d   e m b o d i m e n t ,   t he   d e f a u l t   command  c o d e s  

a r e   s e l e c t e d   r e s p o n s i v e   to  t he   p a r a m e t e r s   of  t he   c l o s e d  

o u t l i n e   l o o p   d e s c r i b e d   by  the   i n t e r k n o t   d i s t a n c e s   e x p r e s s e d  
w i t h i n   t he   d a t a   p a c k .   The  p r o c e s s   of  t he   i n v e n t i o n  

d e s c r i b e d   a b o v e   f o r   g e n e r a t i n g   a  s e r i e s   of  n o d e s   f o r m i n g   a  

s m o o t h   c o n t i n u o u s   c u r v e   b e t w e e n   a  s e t   of  end  p o i n t s   w o u l d  

n o r m a l l y   be  used   e x c e p t   w h e r e   t he   d i s t a n c e   b e t w e e n   t h o s e   e n d  

p o i n t s   was  g r e a t e r   t h a n   a  p r e d e t e r m i n e d   d i s t a n c e ,   such   a s  

128  u n i t s   f o r   t he   p r e f e r r e d   e m b o d i m e n t .   In  t h a t   c a s e ,   w h e r e  

t h e   i n t e r k n o t   c o o r d i n a t e   d i s t a n c e s   were   g r e a t e r   t h a n   128  

u n i t s ,   t he   d e f a u l t   command  code   r e s p o n s i v e   t h e r e t o   w o u l d  

d i r e c t   s t r a i g h t   l i n e   i n t e r p o l a t i o n   and  the   f o r m a t i o n   of  a  

s e r i e s   of  n o d e s   to  f i n d   the   l o c u s   of  t h a t   s t r a i g h t   l i n e  

b e t w e e n   t h e   k n o t s   d e f i n i n g   t h a t   r e s p e c t i v e   c o o r d i n a t e  

d i s t a n c e .  



S i m i l a r l y ,   whe re   t h e   e x t e r i o r   a n g l e   f o r m e d   by  a  l i n e  

f rom  the   e n t r a n c e   k n o t   to  t he   e x i t   kno t   and  by  a  l i n e   f o r m e d  

f rom  the   e x i t   k n o t   to  a  s u c c e s s i v e   k n o t   is  g r e a t e r   t h a n   a  

p r e d e t e r m i n e d   a n g l e ,   s u c h   as  4 0   in  t he   p r e f e r r e d  

e m b o d i m e n t ,   t h e n   a  d e f a u l t   command  code   r e s p o n s i v e   t h e r e t o  

would   d i r e c t   t h a t   a  c u s p   be  f o r m e d   a t   t he   e x i t   k n o t .  

S t r a i g h t   l i n e   i n t e r p o l a t i o n   is   w e l l - k n o w n   in  t he   a r t .  

H o w e v e r ,   w i t h i n   t h e   i n v e n t i v e   s cheme   h e r e i n   is  p r o v i d e d   a n  

a u t o - s c a l i n g   i n t e r p o l a t i o n   w h i c h   p r o v i d e s   an  i n n o v a t i v e   a n d  

s i m p l e r   m e t h o d   of  l i n e a r   i n t e r p o l a t i o n   and  at   t he   same  t i m e  

i n c r e a s e s   i t s   a c c u r a c y   and  t h e   p r e c i s i o n   of  t he   c l o s e d  

o u t l i n e   l o o p   as  d e f i n e d   by  t he   s e r i e s   of  g e n e r a t e d   n o d e s .  

The  a u t o - s c a l i n g   l i n e a r   i n t e r p o l a t o r   i s   d e s c r i b e d   b e l o w .  

The  f o r m a t   of  t he   d a t a   pack   shown  in  T a b l e   1  i s   b a s e d   4 

b i t   b o u n d r i e s   d e f i n i n g   d a t a   w o r d s   of  4  b i t s   e a c h .   Da ta   f r o m  

t h e   d a t a   p a c k ,   r e p r e s e n t i n g   d i s c r e t e   c o m p l e t e   i n f o r m a t i o n  

s e t s   is  a c c e s s e d   in  a  s e r i e s   of  d a t a   w o r d s   in  n i b b l e s   of  4 

b i t s  a t   a  t i m e   w i t h   t he   s i g n i f i c a n c e   of  t h a t   c o m p l e t e  

i n f o r m a t i o n   s e t   (CIS)  and  the   number   of  d a t a   w o r d s   t h e r e i n .  

i n d i c a t e d   by  t he   v a l u e   of  t he   f i r s t   n i b b l e .   T h e  

c o r r e s p o n d e n c e   b e t w e e n   t he   f i r s t   d a t a   word  v a l u e   of  a  s e r i e s  

of  d a t a   w o r d s   f o r m i n g   a  CIS  and  t he   Case   i n d i c a t e d   by  t h a t  

f i r s t   d a t a   word  v a l u e   i s   shown  b e l o w .  



A  s e r i e s   of  d a t a   w o r d s   may  be  a  c o n t r o l   code   as  in  t h e  

C a s e s   Ia  and  Ib  or  t he   c o o r d i n a t e   d i s t a n c e s   b e t w e e n   k n o t s ,  

r e p r e s e n t e d   by  the   x , y   i n c r e m e n t a l   v a l u e s   b e t w e e n   such   k n o t s  

in  the   p r e f e r r e d   e m b o d i m e n t ,   in  C a s e s   I I ,   I I I   and  I V .  

Where  t h e   d a t a   w o r d s   a r e   n i b b l e s ,   in  t h e   p r e f e r r e d  

e m b o d i m e n t   t h e   f i r s t   n i b b l e   v a l u e   of  a  n i b b l e   s e r i e s   t h e n  

i n d i c a t e s   t h e   C a s e ,   and  d i r e c t s   t he   a c c e s s   of  a  

p r e d e t e r m i n e d   number   of  s u c c e s s i v e   n i b b l e s   or  d a t a   w o r d s  

w i t h i n   t h e   c l o s e d   d a t a   l o o p   f rom  t he   CIS  and  to  c o m p l e t e   t h e  

o v e r r i d e   c o n t r o l   c o d e ,   as  in  Case   Ia  or  Ib  or  to  a s s e m b l e  

t h e   number   of  d a t a   w o r d s   n e c e s s a r y   to  c o m p l e t e   t h e   v a l u e s  

c o r r e s p o n d i n g   to  t h e   c o o r d i n a t e   d i s t a n c e   b e t w e e n   the   n e x t  

k n o t   in  t he   c l o s e d   o u t l i n e   l o o p ,   as  in  C a s e s   I I ,   I I I   and  I V .  

The  number   of  n i b b l e s   or  d a t a   w o r d s   a c c e s s e d   r e s p o n s i v e  

to  t h e   f i r s t   n i b b l e   or  d a t a   word  v a l u e   a r e   t he   n i b b l e   o r  

d a t a   word  s e r i e s   n e c e s s a r y   to  form  t h e   CIS  f o r   t h e  

p a r t i c u l a r   C a s e ,   a f t e r   t he   f i r s t   n i b b l e   or  d a t a   w o r d ,   a s  

f o l l o w s :  

In  Case   I I ,   one  n i b b l e   or  a  t o t a l   of  2  n i b b l e s   a r e  

r e q u i r e d .   In  Case   I I I ,   two  more  n i b b l e s   a f t e r   t he   f i r s t  

n i b b l e ,   or  a  t o t a l   of  3  n i b b l e s   a r e   r e q u i r e d ,   and  in  C a s e  

IV,   t h r e e   more  n i b b l e s   a f t e r   t h e   f i r s t   n i b b l e ,   or  a  t o t a l   o f  

4  n i b b l e s   a r e   r e q u i r e d   to  p r o v i d e   t he   v a l u e   of  t he   i n t e r k n o t  

c o o r d i n a t e   d i s t a n c e .  

In  t he   C a s e s   Ia  and  Ib ,   t he   number   of  s u c c e s s i v e  

n i b b l e s   w h i c h   mus t   be  a c c e s s e d ,   r e s p o n s i v e   to  t he   v a l u e   o f  

t h e   f i r s t   n i b b l e ,   is   o r d e r e d   r e s p o n s i v e l y   to  t he   C a s e  

i n d i c a t e d   and  as  e x p l a i n e d   in  d e t a i l   b e l o w .   For  e x a m p l e ,  

Case   I  may  r e q u i r e   t h e   a c c e s s i n g   of  3  or  6  n i b b l e s   t o  

c o m p l e t e   t he   Case   Ia  c o n t r o l   c o d e .  



At  the   end  of  t he   d a t a   word  s e r i e s   of  a  CIS ,   a c c e s s e d  
r e s p o n s i v e   to  t he   f i r s t   d a t a   word  v a l u e ,   t he   n e x t   s u c c e s s i v e  
n i b b l e   in  t he   c l o s e d   d a t a   l o o p   would   t h e n   be  c o n s i d e r e d   t h e  
f i r s t   d a t a   word  v a l u e   of  t he   n e x t   d a t a   word  s e r i e s   a n d  

c o r r e s p o n d i n g   C I S .   T h a t   new  f i r s t   d a t a   word  v a l u e   of  t h e  

n e x t   d a t a   word  s e r i e s   wou ld   t h e n   in  a  s i m i l a r   m a n n e r  
i n d i c a t e   t he   number   of  s u c c e s s i v e   d a t a   w o r d s   to  be  a c c e s s e d  

to  c o m p l e t e   t h e   c o m p l e t e d   i n f o r m a t i o n   s e t   fo r   t he   o v e r r i d e  

c o n t r o l   code   or  t h e   v a l u e   of  t he   i n t e r k n o t   c o o r d i n a t e  

d i s t a n c e ,   as  t h e   c a s e   may  be .   By  e n c o d i n g   t he   c l o s e d   d a t a  

l o o p   on  4  b i t   b o u n d r i e s ,   t he   d a t a   w i t h   r e s p e c t   to  c o n t r o l  

c o d e s   may  be  p a c k e d   s u c c e s s i v e l y   w i t h i n   t he   c l o s e d   d a t a   l o o p  
w i t h   t h e   d a t a   r e s p e c t i n g   t he   i n t e r k n o t   c o o r d i n a t e   d i s t a n c e s  

a n d ,   as  s u c h ,   t he   c l o s e d   d a t a   l o o p   may  s e r v e   the   d o u b l e  

f u n c t i o n   of  p r o v i d i n g   o v e r r i d e   c o n t r o l   c o d e s   as  w e l l   a s  

i n t e r k n o t   d i s t a n c e   d a t a .  

T a b l e   II   p r o v i d e s   a  d e f i n i t i o n   of  t he   c o n t r o l   c o d e s ,  

c o n t r o l   code   v a l u e ,   t he   number   of  n i b b l e s   i n c l u d i n g   t h e  

f i r s t   n i b b l e   to  c o m p l e t e   t he   c o n t r o l   code   i n s t r u c t i o n   a n d  

t he   p u r p o s e   of  t he   c o n t r o l   c o d e .  

F u r t h e r ,   as  shown  in  T a b l e   I ,   and  as  s t a t e d   a b o v e ,   a  

f i r s t   n i b b l e   v a l u e   of  1  to  3  i s   i n d i c a t i v e   of  Case   la  a n d  

w i t h   t h a t   f i r s t   n i b b l e   v a l u e   i n d i c a t i n g   the   p a r t i c u l a r  

c o n t r o l   code   v a l u e   fo r   c a s e   I a ,   e i t h e r   1,  2,  or  3,  and  t h e  

number   of  s u b s e q u e n t   n i b b l e s   to  be  a c c e s s e d   fo r   t he   C I S  

f o r m i n g   t h a t   p a r t i c u l a r   Case   Ia  c o n t r o l   c o d e .  

As  shown  in  T a b l e   I I ,   3  a d d i t i o n a l   n i b b l e s   a r e   r e q u i r e d  

f o r   a  t o t a l   of  4  n i b b l e s ,   i n c l u d i n g   the   f i r s t   n i b b l e ,   t o  

c o m p l e t e   the   CIS  r e s p o n s i b l e   to  a  c o n t r o l   code   v a l u e   1,  3 

a d d i t i o n a l   n i b b l e s   f o r   a  t o t a l   of  4  n i b b l e s   a r e   n e e d e d   t o  

c o m p l e t e   the   CIS  r e s p o n s i v e   to  a  c o n t r o l   code   v a l u e   of  2  a n d  



6  a d d i t i o n a l   n i b b l e s   fo r   a  t o t a l   of  7  n i b b l e s   a r e   n e e d e d   t o  
c o m p l e t e   t h e   CIS  r e s p o n s i v e   to  a  c o n t r o l   code   v a l u e   of  3 .  

Where   t h e   f i r s t   n i b b l e   v a l u e   of  a  CIS  i s   z e r o ,   t h e n  

Case   Ib  i s   i n d i c a t e d ,   as  shown  in  t h e   T a b l e   I ,   and  t h e  

a c c e s s   of  t he   n e x t   s u c c e s s i v e   n i b b l e   d i r e c t e d   fo r   c o m p l e t i o n  
of  t he   Case   Ib  i n s t r u c t i o n .   In  Case   I b ,   4  i s   added   to  t h a t  

n e x t   n i b b l e   v a l u e   to  o b t a i n   t he   c o n t r o l   code   v a l u e   f o r   c a s e  
I b .   The  c o n t r o l   code   v a l u e s   f o r   Case   Ib  a r e   shown  in  t a b l e  

I I   w i t h   t h e i r   c o r r e s p o n d i n g   p u r p o s e s .  

In  s u m m a r y ,   a  f i r s t   n i b b l e   v a l u e   of  0,  or  1  to  3 ,  
i n d i c a t e s   Case   Ia  or  Case   Ib  as  shown  a b o v e ,   and  d i r e c t s   t h e  

a c c e s s i n g   of   a  p r e d e t e r m i n e d   number   of  n i b b l e s   in  t he   c l o s e d  

d a t a   l o o p   s u c c e s s i v e   to  t he   f i r s t   n i b b l e ,   to  form  the   C I S  
f o r   t h a t   Case   and  w h i c h   is   t h e n   used   to  d e t e r m i n e   t h e  

c o n t r o l   code   v a l u e   w h i c h   in  t u r n   d i r e c t s   t he   p r o c e s s o r .   T h e  

n e x t   n i b b l e   s u b s e q u e n t   in  t he   o r d e r   of  t he   c l o s e d   d a t a   l o o p  

to  t he   l a s t   n i b b l e   of  t he   p r e v i o u s   n i b b l e   s e r i e s  

c o r r e s p o n d i n g   to  a  CIS  t h e n   b e c o m e s   a  new  f i r s t   n i b b l e   v a l u e  

and  is   used   to  i n d i c a t e   e i t h e r   an  o v e r r i d e   c o n t r o l   code   o r  
i n t e r k n o t   c o o r d i n a t e   d i s t a n c e .   F u r t h e r ,   and  as  shown  b e l o w ,  

w h e r e   t h e   f i r s t   n i b b l e   b i t   as  shown  a b o v e   i n d i c a t e s   a  C a s e  

I I ,   t he   o r d e r i n g   of  one  more  n i b b l e   fo r   a  t o t a l   of  2  n i b b l e s  

i s   r e q u i r e d   to  c o m p l e t e   t h e   CIS  and  to  p r o v i d e   t h e  

i n c r e m e n t a l   c o o r d i n a t e   d i s t a n c e .   For  Case   I I I ,   2  m o r e  

n i b b l e s   f o r   a  t o t a l   of  3  n i b b l e s   a r e   r e q u i r e d   to  c o m p l e t e  
t h e   CIS  fo r   t he   i n c r e m e n t a l   c o o r d i n a t e   d i s t a n c e .   For  C a s e  

IV,  3  more  n i b b l e s   f o r   a  t o t a l   of  4  n i b b l e s   a r e   r e q u i r e d   t o  

c o m p l e t e   t he   CIS  fo r   t he   i n c r e m e n t a l   c o o r d i n a t e   d i s t a n c e   f o r  

code   4.  Then  t h e   n e x t   s u c c e s s i v e   n i b b l e   in  t he   c l o s e d   d a t a  

l o o p   a f t e r   t he   CIS  would   be  t h e   new  f i r s t   n i b b l e   v a l u e  

i n d i c a t i v e   of  c a s e   I a ,   I b ,   I I ,   I I I ,   or  IV,  as  t he   c a s e   may 

be ,   l e a d i n g   to  an  i n d i c a t i o n   of  t he   number   of  s u c c e s s i v e  



n i b b l e s   n e e d e d   to  c o m p l e t e   t he   CIS  to  c o m p l e t e   the   c o n t r o l  
code   or  i n c r e m e n t a l   c o o r d i n a t e   d i s t a n c e .  

For  t he   o v e r r i d e   c o n t r o l   code   Case   I a ,   w h e r e   the   n e x t  
s u c c e s s i v e   k n o t   in  t he   c l o s e d   o u t l i n e   l o o p   is   to  be  d e f i n e d  

by  Case   I a ,   c o n t r o l   code   v a l u e s   1,  2  or  3,  as  shown  in  T a b l e  

I I ,   t h e n ,   t he   f i r s t   n i b b l e   v a l u e   w i l l   have   a  v a l u e   of  1,  2 

or  3  ( t h e r e b y   i n d i c a t i n g   o v e r r i d e   c o n t r o l   code   Case   I a ) ,   a n d  

w i t h   t he   c o n t r o l   code   v a l u e   b e i n g   i n d i a t e d   by  t he   s p e c i f i e d  

f i r s t   n i b b l e   v a l u e   ( i . e .   1,  2,  or  3 ) .   The  number   o f  

s u c c e s s i v e   n i b b l e s   to   be  a c c e s s e d   to  form  t he   CIS  fo r   t h a t  

Case   Ia   c o n t r o l   code   a r e   i n d i c a t e d   by  t he   v a l u e   of  t he   f i r s t  

n i b b l e   v a l u e .   Where   t he   v a l u e   of  t h a t   f i r s t   n i b b l e   v a l u e   i s  

1,  t h e n   as  shown  in  T a b l e   I I ,   t he   n e x t   t h r e e   n i b b l e s   in  t h e  

c l o s e d   d a t a   l o o p   a r e   a c c e s s e d   and  used   to  d e n o t e   h o r i z o n t a l  

or  m o t i o n   in  t h e   X  d i r e c t i o n   w i t h   t he   n e x t   k n o t   X  c o o r d i n a t e  

g i v e n   by  t he   n e x t   t h r e e   n i b b l e s ,   c o m p l e t i n g   the   n i b b l e  

s e r i e s   n e c e s s a r y   to  form  t he   C o m p l e t e d   I n f o r m a t i o n   Se t   f o r  

t h a t   c o n t r o l   c o d e .  

Where   t he   v a l u e   of  t h a t   1 s t   n i b b l e   is   2,  t h e n   as  s h o w n  

in  t a b l e   I I ,   a  v e r t i c a l   m o t i o n   in  t he   Y  d i r e c t i o n   i s  

i n d i c a t e d   w i t h   t h e   n e x t   t h r e e   n i b b l e s   in  t he   c l o s e d   d a t a  

l o o p   b e i n g   a c c e s s e d ,   to  c o m p l e t e   t he   n i b b l e   s e r i e s   n e c e s s a r y  

to  form  t he   CIS  and  i n d i c a t i n g   t he   Y  c o o r d i n a t e   v a l u e   of  t h e  

n e x t   k n o t .  

Where  t h e   v a l u e   of  t h a t   1 s t   n i b b l e   is  3,  t h e n   the   n e x t  

s i x   n i b b l e s   in  t he   c l o s e d   d a t a   l o o p   a re   a c c e s s e d   to  c o m p l e t e  

t h e   n i b b l e   s e r i e s   and  n e c e s s a r y   to  form  t he   CIS  a n d  

i n d i c a t i n g   t he   n e x t   k n o t ,   d i a g o n a l l y   r e l a t e d   to  t h e  

i m m e d i a t e   k n o t ,   and  w i t h   t he   X,Y  c o o r d i n a t e s   t h e r e f o r e   g i v e n  

in  each   of  the   n e x t   3  n i b b l e s .  



In  t he   p r e f e r r e d   e m b o d i m e n t ,   t he   l e a s t   s i g n i f i c a n t   b i t  

of  t he   c o n t r o l   c o d e s   f o r   Case   I a ,   n a m e l y   c o n t r o l   c o d e s   1,  2 ,  
and  3  i s   used   to  p r o v i d e   a  d i r e c t i o n  i n s t r u c t i o n   fo r   new  X,  
Y  or  X,Y  c o o r d i n a t e   v a l u e s   r e l a t i v e   to  t h e   p r e c e d i n g   kno t   i n  

t he   c l o s e d   o u t l i n e   l o o p .   T h a t   r e l a t i v e   d i r e c t i o n   b e t w e e n  

t h e   new  k n o t   p o s i t i o n   and  t h e   p r e c e d i n g   k n o t   is  t h e n  

f o l l o w e d   when  l o c a t i n g   t h e   p o s i t i o n s   of  s u c c e s s i v e   k n o t s  

c o r r e s p o n d i n g   to  t h e   i n f o r m a t i o n   in  a  Case   I I ,   I I I   or  I I I  

i n s t r u c t i o n   i n d i c a t i n g   t he   i n c r e m e n t a l   c o o r d i n a t e   d i s t a n c e .  

As  w i l l   be  s e e n   b e l o w ,   t he   d i r e c t i o n   may  a l s o   be  c h a n g e d   b y  

a  Case   Ib  c o n t r o l   code   5,  6  or  7  w h i c h   wou ld   n e g a t e   t h e  

e s t a b l i s h e d   X,  Y  or  XY  d i r e c t i o n .  

In  s u m m a r y ,   in  t h e   c l o s e d   o u t l i n e   l o o p   new  k n o t  

c o o r d i n a t e s   as  i n d i c a t e d   by  Case   I a ,   c o n t r o l   code   v a l u e s   1 ,  

2  or  3,  shown  in  t a b l e   I I ,   would   be  l o c a t e d   in  a  d i r e c t i o n  

c o n s i s t e n t   w i t h   a  p r e v i o u s   X  and  Y  d i r e c t i o n   i n s t r u c t i o n ,  

u n l e s s   t h e   l e a s t   s i g n i f i c a n t   b i t   of  t he   f i r s t   n i b b l e   v a l u e  

f o r   t h e   CIS  i n d i c a t e s   a  c h a n g e   in  d i r e c t i o n ,   as  in  Case   I b ,  

c o n t r o l   code   v a l u e s   5,  6  and  7 .  

In  s u m m a r y ,   t he   f i r s t   d a t a   word  v a l u e   i s   t he   v a l u e   o f  

t h e   f i r s t   d a t a   word  of  a  s e r i e s   of  d a t a   w o r d s   f o r m i n g   t h e  

C o m p l e t e d   I n f o r m a t i o n   Se t   (CIS)  of  t h e   c l o s e d   d a t a   l o o p ,  

i n d i c a t i n g   a  o v e r r i d e   c o n t r o l ,   code   as  in  c a s e   I a ,   f o r   f i r s t  

n i b b l e   v a l u e s   1,  2  and  3,  or  as  in  Case   I b ,   fo r   v a l u e   0,  o r  

t h e   i n c r e m e n t a l   c o o r d i n a t e   d i s t a n c e s   as  fo r   f i r s t   n i b b l e  

v a l u e s   4 - F ,   f o r   c a s e s   I I ,   I I I   or  I V .  

T h e n ,   as  s t a t e d   a b o v e ,   i f   t he   1 s t   d a t a   word  v a l u e ,   in  a 

n i b b l e   s i z e   d a t a   word  s e r i e s   is  a  z e r o ,   t h e n   c o n t r o l   c o d e  

c a s e   Ib  is  d e n o t e d .   Case   I b ,   d i r e c t s   t he   a c c e s s   of  a n o t h e r  

n i b b l e   of  4  b i t s   in  t he   c l o s e d   d a t a   l o o p   and ,   i f   t h a t   n i b b l e  

is   no t   e q u a l   to  0,  i t s   v a l u e   is   added   to  v a l u e   3  to  o b t a i n  



t he   p r o p e r   c o n t r o l   c o d e ,   as  shown  in  T a b l e   I I .   In  t h i s   w a y ,  
a  t o t a l   v a l u e   of  c o n t r o l   c o d e s   0  and  4  to  18  may  be  d e f i n e d .  

The  m e a n i n g s   of  e ach   of  t he   c o n t r o l   c o d e s   h a v i n g   v a l u e s   4 - 1 1  
is   shown  in  T a b l e   I I .  

I f   the   c o n t r o l   code   v a l u e   fo r   t he   a d d i t i o n a l   4  b i t s   i s  

z e r o ,   t he   end  of  the   l a s t   l o o p   is  i n d i c a t e d   ( i . e .   b i t s   4 - 7  

a r e   0  v a l u e ) .  

Code  4  i n d i c a t e s   t he   s t a r t   of  a  l o o p .  

Codes   5,  6  and  7  p r o v i d e   d i r e c t i o n   i n f o r m a t i o n   f o r   t h e  

n e x t   k n o t   in  t h e   c l o s e d   o u t l i n e   l o o p   r e l a t i v e   to  t h e  

p r e c e d i n g   k n o t .  

Codes   8,  9,  10  and  11  a r e   e d i t i n g   o v e r r i d e   c o n t r o l  

c o d e s ,   wh ich   o v e r r i d e   t h e   d e f a u l t   command  c o d e s .  

The  e d i t i n g   o v e r r i d e   c o n t r o l   c o d e s   a r e   used   to  o v e r r i d e  

t h e   d e f a u l t   command  c o d e s ,   w h i c h   would   n o r m a l l y   b e  

r e s p o n s i v e   to  and  r e s u l t   from  a  m a c h i n e   i n t e r p r e t a t i o n   o f  

t he   d a t a   pack   v a l u e s   fo r   c a s e s   I I ,   I I I   and  I V .  

Code  8  d i r e c t s   L i n e a r   I n t e r p o l a t i o n   S h a r p   K n o t .   As  

shown  in  FIG.  5,  i t   may  be  used   to  f o r c e   t he   e x i t   a n g l e   a t   a  

k n o t   ( i . e .   a   a t   k n o t   Za+1)  f o r   c u r v e   Za,  Za+1 ,   to  be  e q u a l  

to  t h e   i n t e r k n o t   a n g l e   Ba  a t   t he   e n t r a n c e   k n o t ,   Za  of  t h a t  

same  c u r v e   Za,  2 a + 1 .   As  shown  in  FIG.  5,  Code  8  f o r c e s   t h e  

c u r v e   Za,  Za+1 ,   a t   k n o t   Za+l   to  have   t he   same  e x i t   a n g l e   a t  

t h e   e x i t   k n o t   ( Z a + l )   as  t he   i n t e r k n o t   a n g l e   Ba  a t   i t s  

e n t r a n c e   k n o t   Za  and  p r o d u c e s   a  s h a r p   c u s p   a t   Z a + l .   To 

c o m p l e t e   t he   c u s p   a t   Za+1 ,   t he   e n t r a n c e   a n g l e   a + 1   f o r   c u r v e  

Za+1 .   Za+2  wou ld   be  f o r c e d   e q u a l   to  t he   i n t e r k n o t   a n g l e   Ba+1  

a t   Z a + 1 .  



Code  9  d e n o t e s   L i n e a r   I n t e r p o l a t i o n  -   Smooth   Knot  a n d  

may  be  u s e d ,   fo r   e x a m p l e ,   to  f o r c e   a  smoo th   k n o t   l o c a t e d   a t  

t h e   end  of  a  c u r v e   Za,  Za+1  wh ich   t h e n   b e c o m e s   a  s t r a i g h t  

l i n e ,   or  a t   t he   end  of   a  s t r a i g h t   l i n e ,   w h i c h   t h e n   b e c o m e s   a  

s m o o t h   c o n t i n u o u s   c u r v e .  

The  use   of  o v e r r i d e   c o n t r o l   code   9  i s   shown  in  FIG.  6 a  

w h e r e   a  k n o t   j o i n s   a  s t r a i g h t   l i n e   c u r v e   Za,  Za+1  to  a  

s m o o t h   c o n t i n u o u s   c u r v e ,   Za+1 ·   z a + 2 .   In  t h i s   c a s e ,   a + 1   i s  

s e t   e q u a l   to  B a .  

Where  a  k n o t   j o i n s   a  c u r v e   s e c t i o n   Za,  2a+1  to  a  

s t r a i g h t   l i n e   c u r v e ,   2 a + 1 ,   2 a + 2 ,   as  shown  in  FIG.   6b ,   t h e n  

a ,   t he   e x i t   a n g l e   f o r   c u r v e   Za,   Z a + 1  i s   made  e q u a l   to  B a + 1 ,  
t h e   i n t e r k n o t   a n g l e   b e t w e e n   Za+1 ,   2 a + 2 .  

I t   s h o u l d   be  u n d e r s t o o d ,   h o w e v e r ,   t h a t   i f   a  k n o t   j o i n s  

two  s t r a i g h t   l i n e s ,   t h i s   r u l e   shown  w i t h   r e s p e c t   to  FIG.  5 

i s   used   in  t he   p r e f e r r e d   e m b o d i m e n t .  

C o n t r o l   code   18  d i r e c t s   a  c u r v e   i n t e r p o l a t i o n   a t   a  

s h a r p   k n o t   and  i s   used   to  form  a  c u s p   a t   the   e n t r a n c e   k n o t  

or  t he   e x i t   k n o t   of  a  s m o o t h   c o n t i n u o u s   c u r v e   s e g m e n t   j o i n e d  

by  t h a t   k n o t   to  a  s t r a i g h t   l i n e .   Shown  in  FIG.  7a ,   a re   t w o  

e x a m p l e s ,   i . e .   t he   c u r v e   Za,  Za+l   is   f o r m e d   w i t h   a  s h a r p  

k n o t   a t   t h e   e n t r a n c e   k n o t   Za  and  the   c u r v e   Za+1,   Za+2  i s  

f o r m e d   w i t h   a  s h a r p   k n o t   a t   t he   e x i t   k n o t   2 a + 2 .   T h i s  

c o n t r o l   code   i s   u s e f u l   in  o v e r r i d i n g   a  d e f a u l t   command  c o d e  

w h i c h   would   o t h e r w i s e   r e q u i r e   t h a t   t he   s h a r p   k n o t   at   Za,  f o r  

e x a m p l e   have   an  e n t r a n c e   a n g l e   fo r   c u r v e   Za,  Za+l   e q u a l   t o  

Ba  w h i c h   would   i n t r o d u c e   a  d i s t o r t i o n   in  c u r v e   Za,  Za+1  a t  

a r e a   31,   a p p r o x i m a t e   t he   e n t r a n c e   k n o t   Za  fo r   c u r v e   Z a ,  

Za+1 ,   as  shown  in  FIG.  7b .   S i m i l a r l y ,   a  d i s t o r t i o n   would   b e  

i n t r o d u c e d   in  a  s m o o t h   c o n t i n u o u s   c u r v e   t e r m i n a t i n g   in  a 



s h a r p   k n o t .   For  e x a m p l e ,   in  c u r v e   2 a + 1 ,   Za+2  as  shown  b y  
n u m e r a l   33  in  FIG.  7b ,   a p p r o x i m a t e   t he   e x i t   k n o t   Za+2,   w h e r e  

a + 1   w o u l d  b e   f o r c e d   to  e q u a l   Ba+l   to  form  a  c u s p .   code   10 
o v e r r i d e s   the   d e f a u l t   command  code   and  f o r c e s   @  ( i . e .   ea)  t o  
be  e q u a l   t o  φ   ( i . e .   φ a ) .  

Where  a  c u s p   is   to  be  f o r m e d   a t   k n o t   Za,  t he   d e f a u l t  
command  code   would   s p e c i f y   t h a t   t he   e x i t   a n g l e ,   a   a t   k n o t  

Za  wou ld   be  e q u a l   to  t h e   i n t e r k n o t   a n g l e   Ba-1  a t   t h e  

p r e c e d i n g   k n o t   Z a - 1 ,   fo r   c u r v e   Z a - 1 ,   Za,  and  t he   e n t r a n c e  

a n g l e   a   f o r   c u r v e   7a ,   2a+1  wou ld   be  e q u a l   to  t he   i n t e r k n o t  

a n g l e   Ba  b e t w e e n   t he   e n t r a n c e   k n o t   Za  f o r   c u r v e   Za,  Za+1  a n d  
i t s   e x i t   k n o t   Za+1.   As  s t a t e d   a b o v e ,   t h i s   would   p r o d u c e   t h e  
r e s u l t   shown  in  FIG.   7b ,   and  a  d i s t o r t i o n   of  t he   s m o o t h  

c o n t i n u o u s   c u r v e   Za,  Za+l   shown  in  FIG.   7a .   With  t he   r e s u l t  
of  FIG.  7b ,   t he   d e v i a n c e   a n g l e   @a  b e t w e e n   Ba  and  a   would   b e  

z e r o   as  s t a t e d   a b o v e .   In  t h i s   c a s e ,   to  a v o i d   the   d i s t o r t i o n  

shown  by  n u m e r a l s   31,   33  in  FIG.   7b  and  to  p r o d u c e   t h e  

s m o o t h   c o n t i n u o u s   c u r v e   as  shown  in  FIG.  7a ,   @a  is   f o r c e d  

e q u a l   to  φa  t h e   d e v i a n c e   a n g l e ,   a t   e x i t   k n o t   Za+1,   as  s t a t e d  

a b o v e .   In  t he   c a s e   shown  in  FIG.   7 a ,   a r r a n g e d ,   for   the   s a k e  

of  e x p l a n a t i o n   a   i s   e q u a l   to  z e r o ,   φa  i s   e q u a l   to  B a .  

A  s i m i l a r   r e s u l t   is  f o r c e d   by  u s i n g   a  code   10  t o  

c o n t r o l   t he   s h a p e   of  c u r v e   2 a + 1 ,   Za+2  at   e x i t   k n o t   2 a + 2 .   As  

s t a t e d   a b o v e ,   t he   d e f a u l t   command  code   r e s p o n s i v e   to  a  c u s p  

a t   Za+2  f o r   e x a m p l e ,   would   d i r e c t   t he   c u r v e   Za+1,   Za+2 '   t o  

t h e   s h a p e   shown  in  FIG.  7b  and  p a r t i c u l a r l y   shown  by  n u m e r a l  

33  a p p r o x i m a t e   Za+2  by  d i r e c t i n g   t h a t   t he   e x i t   a n g l e   a + 1   a t  

k n o t   Za+2  is   e q u a l   to  t he   i n t e r k n o t   a n g l e   Ba+l   a t   t h e  

e n t r a n c e   k n o t   Za+1  f o r   t h a t   same  c u r v e .   H o w e v e r ,   by  u s i n g  

c o d e   11  to  d i r e c t   t h a t   φa+1  is   e q u a l   to  @a+1,  t h e n   a t   e x i t  

k n o t   Za+2  f o r   c u r v e   Za+1,   Za+2  a + 1   is   e q u a l   to  2*Ba+1  ( 

a = 0 .   a + 1 = 0 ,   @ a + 1 = a + 1 - B a - 1   ) .  



For  t he   s a k e   of  e x p l a n a t i o n ,   a + 1   is   e q u a l   to  0,  f o r  

c u r v e   Za+1,   Z a + 2 .  

The  e f f e c t   of  code   10  i s   to  p r o d u c e   a  s m o o t h   c o n t i n u o u s  

c u r v e   f rom  or  to  a  c u s p   such   as  a t   e n t r a n c e   k n o t   Za  or  a t  

e x i t   k n o t   Za+2  and  s y m m e t r i c a l   a b o u t   t he   r e s p e c t i v e   c u r v e  

m i d p o i n t s ,   as  shown  by  n u m e r a l   35  and  n u m e r a l   3 7 ,  

r e s p e c t i v e l y   f o r   c u r v e   Za,  Za+l  and  f o r   c u r v e   2 a + 1 ,   Z a + 2 .  

C o n t r o l   c o d e   10  i s   to  o v e r r i d e   a  d e f a u l t   command  c o d e  

w h i c h   wou ld   o t h e r w i s e   s p e c i f y   a  c u s p ,   such   as  w h e r e   t h e  

e x t e r i o r   a n g l e   as  d e s c r i b e d   a b o v e   was  a b o v e   a  t h r e s h o l d   s u c h  

as  40°   as  shown  in  t h e   p r e f e r r e d   e m b o d i m e n t ,   or  t h e  

i n t e r k n o t   d i s t a n c e   was  g r e a t e r   t h a n   a  p r e d e t e r m i n e d  

d i s t a n c e ,   such   as  120  u n i t s   in  t he   p r e f e r r e d   e m b o d i m e n t .   I n  

t h i s   c a s e ,   a  s m o o t h   k n o t   wou ld   be  f o r m e d   as  d e s c r i b e d   a b o v e ,  

by  t a k i n g   t h e   a v e r a g e   of  t h e   i n t e r k n o t   a n g l e s   b e t w e e n   a  

p r e c e d i n g   k n o t   and  t h e   s u b j e c t   k n o t   and  t he   s u b j e c t   k n o t   a n d  

a  s u c c e s s i v e   k n o t   in  t h e   o u t l i n e   l o o p   d i r e c t i o n   of  t h e  

c l o s e d   o u t l i n e   l o o p .   H o w e v e r ,   as  e x p l a i n e d   a b o v e ,   i f   t h e  

a b s o l u t e   v a l u e   of  t he   i n t e r k n o t   a n g l e s   b e t w e e n   t he   p r e c e d i n g  

k n o t   and  the   s u b j e c t   k n o t   and  t h e   s u b j e c t   k n o t   and  t h e  

s u c c e s s i v e   k n o t   is  g r e a t e r   t h a n   1 8 0 ° ,   t h e n   t he   s u p p l e m e n t a l  

a v e r a g e   is  u sed   by  s u p p l e m e n t i n g   t he   a v e r a g e   a n g l e   by  1 8 0 ° .  

T h i s   is  to  o r i e n t   t he   a n g l e   in  t he   c o r r e c t   d i r e c t i o n   w h e r e  

t h e   r e l a t i o n s h i p   of  t he   a v e r a g e   a n g l e   d e s c r i b e d   a b o v e   w o u l d  

r e s u l t   in  a  r e s u l t a n t   a n g l e   1 8 0 °   ou t   of  p h a s e   w i t h   i t s  

c o r r e c t   d i r e c t i o n .  

The  a p p l i c a t i o n   of  t h e   i n v e n t i v e   p r i n c i p l e s   w i l l   f o r c e  

t h e   a n g u l a r   r e l a t i o n s h i p s   o f    ,   e  a n d  $   a t   t h e   r e s p e c t i v e  

k n o t s   to  c o n f o r m   to  t he   r u l e s   d e s c r i b e d   a b o v e ,   as  n e c e s s a r y  

to  p r o d u c e   the   d e s i r e d   c u r v e ,   s t r a i g h t   l i n e ,   c u s p ,   or  s m o o t h  

k n o t ,   w h e t h e r   d i r e c t e d   by  t he   d e f a u l t   command  c o d e s   or  b y  



t h e   o v e r r i d e   c o n t r o l   c o d e s .   I t   s h o u l d   be  n o t e d ,   h o w e v e r ,  

t h a t   w h e r e   an  o v e r r i d e   c o n t r o l   code   is   u s e d ,   i t   is   used   t o  

f o r c e   a  r e s u l t   c o n t r a r y   to  what   would   o r d i n a r i l y   be  p r o d u c e d  

u s i n g   the   d e f a u l t   command  c o d e s .   For  e x a m p l e ,   i f   t h e  

d e f a u l t   command  code   would   p r o d u c e   a  c u s p   and  a  smoo th   k n o t  

was  d e s i r e d   f o l l o w e d   by  a  s m o o t h   c o n t i n u o u s   c u r v e   o r  

p r e c e d e d   by  a  s m o o t h   c o n t i n u o u s   c u r v e ,   t h e n   a  code   10  w o u l d  

be  u s e d .   I f   t he   d e f a u l t   command  code   would   have   p r o d u c e d   a  
s m o o t h   c o n t i n u o u s   c u r v e ,   and  a  s t r a i g h t   l i n e   j o i n i n g   a  s h a r p  

k n o t   is   d e s i r e d ,   t h e n   a  code   8  would   be  s e l e c t e d .   I f   a  
s m o o t h   k n o t   i s   d e s i r e d   j o i n e d   to  a  s t r a i g h t   l i n e ,   t h e n   a  
code   9  may  be  s e l e c t e d   to  o v e r r i d e   t h e   d e f a u l t   command  

c o n t r o l .   A l l   of  t he   f o r e g o i n g   i s   shown  in  c o n n e c t i o n   w i t h  

F IGS.   5,  6,  6 a ,   7,   7a  and  8  and  in  t he   t e x t   a c c o m p a n y i n g  

t h e s e   f i g u r e s :  

A  t y p i c a l   e n c o d i n g   fo r   an  A  as  shown  in  FIG.  9  i s   s h o w n  

in  t h e   a p p e n d i x .   The  c o m p i l e r   f o r   d e c o d i n g   the   p a c k e d  

e n c o d e d   i n f o r m a t i o n   is   a l s o   shown  b e l o w ,   and  is  used   w i t h   a  

M o t o r o l a   68000  p r o c e s s o r .   As  the   d e s i r e d   o u t p u t   is  a  s e r i e s  

of  i n t e r c e p t s   at   t he   i n t e r s e c t i o n   of  t he   l o c u s   of  t h e  

c h a r a c t e r   o u t l i n e ,   and  t he   d i s p l a y   r a s t e r   l i n e s ,   t h e s e  

i n t e r c g p t s   can  be  c o n v e r t e d   i n t o   m o d u l a t i n g   i n f o r m a t i o n   f o r  

i m a g i n g   t he   c h a r a c t e r   on  an  i m a g i n g   s u r f a c e   by  any  s u i t a b l e  

w e l l - k n o w n   i m a g i n g   d e v i c e .  

For  t he   s a k e   of  e x p l a n a t i o n   and  in  t he   way  of  a n  

e x a m p l e ,   a  c l o s e d   d a t a   l o o p   f o r   t he   e n c o d e d   A  shown  i n  

FIG.   9,  i s   s e t   f o r t h   b e l o w   and  d e s c r i b e d .  

CLOSED  DATA  LOOP  FOR  THE  "A"  OF  FIG.   9 

( G i v e n   in  h e x a d e c i m a l   N o t a t i o n )  



As  s t a t e d   a b o v e ,   t he   c l o s e d   d a t a   l o o p   is   e n c o d e d   o n  
d a t a   w o r d s   of  4  b i t   or  n i b b l e   b o u n d r i e s   and  t h e   s e q u e n c e   o f  

t h e   n i b b l e s   is   as  g i v e n   b e l o w .   In  a c c o r d a n c e   w i t h   t h e  

p r e f e r r e d   e m b o d i m e n t ,   t h e   f i r s t   two  b y t e s   5B  of  t he   c l o s e d  

d a t a   l o o p   i n d i c a t e   t he   t o t a l   number   of  b y t e s   in  t h e   d a t a  

l o o p   f o r   a  c l o s e d   o u t l i n e   l o o p .   The  f i r s t   two  b y t e s ,   00  5 b  

i n d i c a t e s   t h a t   t h e r e   a r e   91  b y t e s   t o t a l   in  t h e   d a t a   l o o p   f o r  

t h e   symbol   A,  d e s c r i b i n g   o u t s i d e   c l o s e d   o u t l i n e   l o o p   31  in  , 
t h e   d i r e c t i o n   of  a r r o w s   31  and  i n s i d e  c l o s e d   o u t l i n e   l o o p   35  

in  t h e   d i r e c t i o n   of  a r r o w s   3 5 .  

In  a c c o r d a n c e   w i t h   t he   p r e f e r r e d   e m b o d i m e n t ,   t h e  

s t a r t i n g   X  and  Y  c o o r d i n a t e s   a r e   g i v e n   in  t h r e e   n i b b l e   p a c k s  
of  i n f o r m a t i o n   f o r   e a c h   r e s p e c t i v e   X  and  Y  l o c a t i o n .  

A c c o r d i n g l y ,   t h e   n e x t   t h r e e   n i b b l e s ,  6   49  r e l a t e s   to  t h e  

s t a r t i n g   X  l o c a t i o n .   In  a c c o r d a n c e   w i t h   t he   p r i n c i p l e s   o f  

t he   i n v e n t i o n   and  t h e   p r e f e r r e d   e m b o d i m e n t ,   t he   l e a s t  

s i g n i f i c a n t   b i t   of  t he   d a t a   f o r   a  new  X  or  a  new  Y  l o c a t i o n  

i s   a  s i g n   b i t   i n d i c a t i v e   of  t he   d i r e c t i o n .   A c c o r d i n g l y ,   i n  

p r o c e s s i n g   t he   d a t a   in  t he   p r e f e r r e d   e m b o d i m e n t ,   a  s h i f t   o f  

one  b i n a r y   p o s i t i o n   is  made  to  r emove   the   s i g n   b i t ,   g i v i n g   a  

d e c i m a l   d a t a   v a l u e   of   8 0 4 .   As  d e s c r i b e d   a b o v e   in  t h e  

p r e f e r r e d   e m b o d i m e n t ,   s i n c e   t he   o r i g i n   of  t he   M2  is  o f f s e t  

by  592  u n i t s ,   592  m u s t   be  s u b t r a c t e d   f rom  804  to  p r o v i d e   t h e  

c o r r e c t   X  c o o r d i n a t e   w i t h   r e f e r e n c e   to  t he   o r i g i n   of  the   M2 

of  212 .   The  s i g n   of  t he   X  d i r e c t i o n ,   w h e t h e r   p o s i t i v e   o r  

n e g a t i v e   w i t h   r e g a r d   to  t he   o r i g i n   of  t he   M2  is   g i v e n   by  t h e  

s i g n   b i t   and  is  p o s i t i v e   i f   t he   s i g n   b i t   is  z e r o ,   in  t h e  



p r e f e r r e d   e m b o d i m e n t .  

In  a c c o r d a n c e   w i t h   t he   p r i n c i p l e s   of  the   i n v e n t i o n ,   t h e  

s t a r t i n g   Y  p o s i t i o n   g i v e n   as  a  new  Y  p o s i t i o n   i s   i n d i c a t e d  

by  the   n e x t   n i b b l e   s e r i e s   of  3  n i b b l e s   or  by  5 E l ,   wh ich   i s  

d i v i d e d   by  2  to  r emove   t he   s i g n   b i t   y i e l d i n g   the   r e s u l t   o f  

7 5 0 .   In  a c c o r d a n c e   w i t h   t he   o f f s e t   of  the   M2  a t   736  u n i t s ,  
736  is   s u b t r a c t e d   f rom  752  to  y i e l d   a  Y  c o o r d i n a t e   of  1 6 .  

The  s i g n   b i t   w h i c h   is  a  1,  i n d i c a t e s   a  n e g a t i v e   d i r e c t i o n  

f o r   Y.  A c c o r d i n g l y   fo r   t he   8A8  of  FIG.   9,  t he   s t a r t   p o i n t  

x,  y  c o o r d i n a t e s   shown  as  n u m e r a l   39 ,   is  2 1 2 ,   16  w i t h   t h e  

new  d i r e c t i o n   b e i n g   x , - y .  

As  s t a t e d   in  t h e   p r e f e r r e d   e m b o d i m e n t ,   t he   d a t a   pack   i s  

d e c o d e d   b y - u s i n g   the   f i r s t   two  b y t e s   to  i n d i c a t e   the   n u m b e r  

of  b y t e s   in  t he   c l o s e d   d a t a   l o o p   c o r r e s p o n d i n g   to  t h e  

c o o r d i n a t e   p o i n t s   a r o u n d   the   c l o s e d   o u t l i n e   l o o p ,   and  b y  

t h r e e   n i b b l e s   e a c h   c o m p r i s i n g   t w e l v e   b i t s   c o r r e s p o n d i n g   t o  

t he   r e s p e c t i v e   X  and  Y  s t a r t   l o c a t i o n s .   I t   s h o u l d   be  n o t e d  

t h a t   w h e r e v e r   t he   X  c o o r d i n a t e s   a r e   d e f i n e d   by  new 
c o o r d i n a t e   v a l u e s ,   t h e   l e a s t   s i g n i f i c a n t   b i t   is  used   as  a  

s i g n   b i t   to  i n d i c a t e   t he   c o o r d i n a t e   d i r e c t i o n .   The  p r o c e s s  

p e r f o r m s   a  d i v i d e   by  two  w h i c h   s e p a r a t e s   t h a t   b i t   to  d e f i n e  

the   a f o r e s a i d   d i r e c t i o n   s i g n e d .   A d d i t i o n a l l y ,   t he   X 

p o s i t i o n   is   r e f e r e n c e d   to  t he   home  or  r e f e r e n c e   p o s i t i o n   i n  

the   M2  w h i c h   may  be  o f f s e t   w i t h   r e g a r d   to  the   o r i g i n   of  t h e  

m a s t e r   e n c o d i n g   g r i d   by  s u b t r a c t i n g   the   o f f s e t   from  a  

c o o r d i n a t e   p o s i t i o n   a c c o r d i n g l y .   With   t h i s   in  m i n d ,   t h e  

f o l l o w i n g   p r o c e s s   is   d e s c r i b e d   w h i c h   p r o d u c e s   t he   l i s t i n g   o f  

c o o r d i n a t e s   shown  b e l o w   and  in  FIG.  9 .  

As  s t a t e d ,   the   s t a r t   p o s i t i o n   is  a t   XY  c o o r d i n a t e s   2 1 2 ,  

0.  As  the   l a s t   b i t   of  d a t a   a c c e s s e d   from  the   d a t a   p a c k ,   t o  

p r o v i d e   c o m p l e t e   i n f o r m a t i o n   fo r   the   p r e c e d i n g   n i b b l e   s e r i e s  



was  t h e   t e n t h   n i b b l e   c o r r e s p o n d i n g   to  h e x a d e c i m a l   number   5 .  

The  n e x t   n i b b l e   w h i c h   f o l l o w s   a  c o m p l e t e   i n f o r m a t i o n   s e r i e s  

of  n i b b l e s   is   a  f i r s t   n i b b l e   v a l u e .  

As  shown ,   t h e   f i r s t   n i b b l e   v a l u e   2  i n d i c a t e s   a  c a s e   I a  
and  a c c o r d i n g   to  t a b l e   II   d i r e c t s   t he   a c c e s s   of  t he   n e x t  

t h r e e   n i b b l e s ,   5C0  i n d i c a t i v e   of  t h e   new  X  c o o r d i n a t e  

p o s i t i o n .   In  a c c o r d a n c e   w i t h   t he   p r o c e d u r e   a b o v e ,   a  
d i v i s i o n   by  2  r e m o v e s   t he   s i g n   b i t   and  a  s u b t r a c t i o n   p r o c e s s  
i s   p e r f o r m e d   r e l a t i v e   to  t he   M2  o f f s e t ,   to  r e f e r e n c e   t he   new 

Y  p o s i t i o n   to  t h e   M2  home  p o s i t i o n   or  a t   z e r o .   The  f i r s t  

n i b b l e   v a l u e   " 1 " ,   f o l l o w i n g   t h e   n i b b l e   s e r i e s   fo r   t h e  

c o m p l e t e d   i n f o r m a t i o n   s e t   of  5C02  t h e n   i n d i c a t e s   a  c a s e   I a  

and  a  new  X  c o o r d i n a t e .   In  a c c o r d a n c e   w i t h   t he   p r o c e s s  
d e s c r i b e d   a b o v e ,   a  b i n a r y   d i v i s i o n   of  two  is   p e r f o r m e d   t o  

i s o l a t e   t h e   s i g n   b i t ,   i n d i c a t e   t he   d i r e c t i o n   and  a  

s u b t r a c t i o n   i s   p e r f o r m e d   to  r e f e r e n c e   t h e  n e w   X  p o s i t i o n   t o  

t h e   home  p o s i t i o n .   A c c o r d i n g l y ,   t he   new  X  p o s i t i o n   is   1 6 .  

The  n e x t   c o o r d i n a t e   p o s i t i o n   of  1 6 , 1 6   i s   g i v e n   by  t h e  

c o m p l e t e   i n f o r m a t i o n   s e t   2E8,   w i t h   t he   n i b b l e   s e r i e s   f i r s t  

n i b b l e   v a l u e   8  i n d i c a t i n g   of  a  Case   I I I .   In  a c c o r d a n c e   w i t h  

t h e   f o r m a t   of  t he   d a t a   pack   as  shown  in  T a b l e   I ,   P  *   X  i s  

e q u a l   to  01110  and  Q =  y  i s   e q u a l   to  0 0 0 1 0 .   T h i s   t r a n s l a t e s  

to  14  and  2  in  d e c i m a l   r o t a t i o n   r e s p e c t i v e l y .   In  a c c o r d a n c e  

w i t h   t he   p r e f e r r e d   e m b o d i m e n t ,   as  i t   would   be  r e d u n d a n t   t o  

use   C a s e s   I I ,   I I I   and  IV,  fo r   a  t r a n s l a t i o n   of  0,  a  1  i s  

a d d e d   to  t he   r e s u l t s   of  p  .   x  and  q  =   y  to  p r o v i d e   the   new  X 

and  Y  c o o r d i n a t e   d i s t a n c e s   of  15  and  3  r e s p e c t i v e l y .   The  p  
v a l u e   is  added   to  p r e v i o u s   X  v a l u e   of  16  to  p r o v i d e   a  new  X 

v a l u e   of  31,  and  t he   q  v a l u e   is  added   to  t h e   p r e v i o u s   Y 

v a l u e   of  16  to  p r o v i d e   a  new  Y  v a l u e   of  19  a c c o r d i n g l y .  



As  a  r e m i n d e r ,   i t   s h o u l d   be  u n d e r s t o o d ,   t h a t   t h i s  

p r o c e s s   of  d e c o d i n g   the   d a t a   pack   b e i n g   d e s c r i b e d   i s  

d e s i g n e d   to  d e c o d e   t he   e n c o d e d   k n o t   c o o r d i n a t e s   o n l y .   A f t e r  

d e c o d i n g   the   i n v e n t i v e   p r i n c i p l e s   d e s c r i b e d   h e r e i n   a r e  
a p p l i e d   to  t he   k n o t s   to  e i t h e r   p r o d u c e   a  s e r i e s   of  n o d e s  

d e s c r i b i n g   a  s m o o t h   c o n t i n u o u s   c u r v e   b e t w e e n   t he   k n o t s ,   a s  
b e t w e e n   k n o t s   16,   16,   and  k n o t s   31,   19  or  a  s t r a i g h t   l i n e   a s  
b e t w e e n   k n o t   212 ,   0  and  k n o t   16,   0.  In  a c c o r d a n c e   w i t h   t h e  

p r e f e r r e d   e m b o d i m e n t ,   t he   d i r e c t i o n   of  t he   k n o t s   i n d i c a t e d  

by  t he   c o m p l e t e d   i n f o r m a t i o n   s e t   2E8  r e l a t i v e   to  t h e  

p r e v i o u s   k n o t   i s   in  a c c o r d a n c e   w i t h   t he   d i r e c t i o n  

e s t a b l i s h e d   by  t he   l a s t   p r e v i o u s   s i g n   b i t   a c c e s s e d   fo r   t h e  

r e s p e c t i v e   X  and  Y  d i r e c t i o n s   as  shown  a b o v e ,   or  by  567  a s  
d e s c r i b e d   b e l o w .  

The  n e x t   n i b b l e   f o l l o w i n g   t he   n i b b l e   s e r i e s   fo r   t h e  

c o m p l e t e d   i n f o r m a t i o n   s e t   a b o v e   has   the   f i r s t   n i b b l e   v a l u e  
of   8  w h i c h   is  a  Case   I I I ,   d i r e c t i n g   t he   a c c e s s   of  t he   n e x t  

two  n i b b l e s   f o r   p r o v i d i n g   t he   n i b b l e   s e r i e s   for   c o m p l e t e  
i n f o r m a t i o n   s e t   of  3C8  c o r r e s p o n d i n g   to  a  p  -   x  v a l u e   of  13 

and  a  q  =   y  v a l u e   of  4  in  a c c o r d a n c e   w i t h   the   f o r m a t   s h o w n  
in  T a b l e   I I .   In  a c c o r d a n c e   w i t h   t he   p r e f e r r e d   e m b o d i m e n t ,  
t h e   d i r e c t i o n   of  t he   k n o t   d e n o t e d   by  t h i s   c o m p l e t e  
i n f o r m a t i o n   s e t   f o l l o w s   t he   l a s t   p r e v i o u s   d i r e c t i o n  

i n d i c a t i o n   g i v e n   and  is  a c c o r d i n g l y   added   to  t he   p r e v i o u s  
c o o r d i n a t e s   of  31  and  19  to  p r o v i d e   new  c o o r d i n a t e s   of  44 

and  2 3 .  

In  a c c o r d a n c e   w i t h   t he   f o r e g o i n g ,   the   n e x t   n i b b l e   b e i n g  

a  f i r s t   n i b b l e   v a l u e   is  8  w h i c h   a c c o r d i n g l y   d i r e c t s   t h e  

a c c e s s   of  t he   n e x t   two  n i b b l e s   to  p r o v i d e   a  c o m p l e t e  

i n f o r m a t i o n   s e t   of  398  p r o d u c i n g   new  c o o r d i n a t e   v a l u e s   o f  

54,   27 ,   a c c o r d i n g l y .  



The  n e x t   n i b b l e   c o r r e s p o n d i n g   to  a  f i r s t   n i b b l e   v a l u e  

of  8,  as  d e s c r i b e d   a b o v e ,   i n d i c a t e s   a  c a s e   8  and  d i r e c t s   t h e  

a c c e s s   of  the   n e x t   two  n i b b l e s   to  form  t h e   n i b b l e   s e r i e s  

c o r r e s p o n d i n g   to  t he   c o m p l e t e   i n f o r m a t i o n   s e t   of  h e x a d e c i m a l  

7C8  and  a c c o r d i n g   to  t he   p r o c e s s i n g   d e s c r i b e d   a b o v e   d e c o d i n g  
t h e   new  c o o r d i n a t e s   of  67 ,   3 5 .  

As  can  be  s e e n ,   t he   s m o o t h   c o n t i n u o u s   c u r v e   b e t w e e n  

k n o t   end  p o i n t s   1 6 , 1 6   and  p a s s i n g   t h r o u g h   k n o t s   31,   19  a n d  

44 ,   23  and  54 ,   27  a n d ,   67 ,   35  a r e   f o r m e d   a c c o r d i n g   to  t h e  

p r i n c i p l e s   of  t he   i n v e n t i o n   to  form  a  s m o o t h   c o n t i n u o u s  

c u r v e .  

The  n e x t   f i r s t   n i b b l e   v a l u e   of  t h e   n e x t   c o m p l e t e  
i n f o r m a t i o n   s e t   is   z e r o   i n d i c a t i n g   Case   Ib  w h i c h   d i r e c t s   t h e  

a c c e s s   of  a n o t h e r   n i b b l e   to  form  a  two  n i b b l e   s e r i e s  

c o m p l e t e   i n f o r m a t i o n   s e t .   As  the   n e x t   n i b b l e   was  8,  f o r  

Case   I b ,   a  v a l u e   of  3  i s   added   t h e r e t o   f o r m i n g   a  v a l u e   o f  

11,   i n d i c a t i v e   of  c o n t r o l   code   11  d i r e c t i n g   a  s m o o t h  

c o n t i n u o u s   c u r v e   be  f o r m e d   b e t w e e n   t h e   l a s t   k n o t   h a v i n g  

c o o r d i n a t e   67 ,   35  and  t he   n e x t   k n o t   w h i c h   i s   to  be  i n d i c a t e d  

by  the   n e x t   c o m p l e t e   i n f o r m a t i o n   s e t   a c c e s s e d   f rom  t h e  

c l o s e d   d a t a   l o o p .  

As  t he   f i r s t   n i b b l e   v a l u e   of  t he   n e x t   c o m p l e t e  

i n f o r m a t i o n   s e t   is   B  i n d i c a t i n g   Case   I I I ,   3  n i b b l e s   a r e  

a c c e s s e d   f o r m i n g   a  4  n i b b l e   s e r i e s   d e s c r i b i n g   t he   n e x t  

c o m p l e t e   i n f o r m a t i o n   s e t   and  p r o d u c i n g   t h e   n e w  c o o r d i n a t e s  

of  85 ,   5 9 .  

The  n e x t   f i r s t   n i b b l e   v a l u e   of  t he   n e x t   n i b b l e   s e r i e s  

f o r   t h e   n e x t   c o m p l e t e   i n f o r m a t i o n   s e t   is  3  i n d i c a t i n g   C a s e  

I a ,   c o n t r o l   code   3,  shown  in  T a b l e   I I ,   and  w h i c h   d i r e c t s   t h e  

a c c e s s   of  a  p a i r   of  t h r e e   n i b b l e s   each   w h i c h   a r e   i n d i c a t i v e  



of  t he   n e x t   X  and  Y  p o s i t i o n s   and  d i r e c t i o n s   t h e r e o f  
r e l a t i v e   to  t h e   p r e v i o u s   k n o t .   In  a c c o r d a n c e   w i t h   t h e  

p r o c e s s   d e s c r i b e d   a b o v e ,   t he   new  X  and  Y  p o s i t i o n   is   3 4 9 ,  
606  and  as  t he   d i s t a n c e   b e t w e e n   t h i s   new  k n o t   and  t h e  

p r e v i o u s   k n o t   is   g r e a t e r   t h a n   128  u n i t s ,   t he   d e f a u l t   command  

c o d e   d i r e c t s   l i n e a r   i n t e r p o l a t i o n .   I n  

a c c o r d a n c e   w i t h   t h e   a b o v e ,   t he   h e x a d e c i m a l   v a l u e   75A 

c o r r e s p o n d s   to  t he   new  X  p o s i t i o n   and  A7D  c o r r e s p o n d s   to  t h e  

new  Y  p o s i t i o n .   As  s t a t e d   a b o v e ,   t he   l e a s t   s i g n i f i c a n t   b i t  

of  e a c h   of  t he   a b o v e   3  n i b b l e s   c o r r e s p o n d s   to  t he   r e l a t i v e  

d i r e c t i o n   of  t he   new  X  and  Y  p o i n t s .  

The  f i r s t   n i b b l e   v a l u e   of  t he   n e x t   n i b b l e   s e r i e s   f o r  

t h e   n e x t   c o m p l e t e   i n f o r m a t i o n   s e t   is   1  i n d i c a t i n g   a  Case   I a  

and  d i r e c t i n g   the   a c c e s s   of  t he   n e x t   t h r e e   n i b b l e s   of  7A8  t o  

r e p l a c e   t he   X  c o o r d i n a t e   w i t h   372  and  a  new  s e t   o f  ,  
c o o r d i n a t e s   3 7 2 ,   6 0 6 .  

The  n e x t   f i r s t   n i b b l e   v a l u e   f o r   t he   n e x t   n i b b l e   s e r i e s  

is   a  3  c o r r e s p o n d i n g   to  a  c a s e   I a ,   a  c o n t r o l   code   3  and  t h e  

a c c e s s   of  a  p a i r   of  3  n i b b l e s ,   i . e .   968 ,   c o r r e s p o n d i n g   t o  

t h e   new  X  p o s i t i o n   and  675 ,   c o r r e s p o n d i n g   to  the   new  Y 

p o s i t i o n s   and  new  X,  Y  c o o r d i n a t e s   of  6 1 2 ,   98  r e s p e c t i v e l y .  

The  n e x t   f i r s t   n i b b l e   v a l u e   f o l l o w i n g   the   n i b b l e   s e r i e s  

f o r   t he   c o m p l e t e   i n f o r m a t i o n   s e t   a b o v e   is  D,  c o r r e s p o n d i n g  

to  Case   IV  w h i c h   d i r e c t s   t he   a c c e s s   of  t h e   n e x t   t h r e e  

n i b b l e s   to  form  t he   4  n i b b l e   s e r i e s   254 ,   and  w h i c h   a c c o r d i n g  

to  t he   form  shown  in  T a b l e   I  p r o v i d e s   a  p  =   x  v a l u e   o f  2 0  

and  a  q  *   y  v a l u e   of  37 .   A c c o r d i n g   to  t he   p r o c e s s   d e s c r i b e d  

a b o v e ,   a  1  i s   added   to  t he   p  =  x  v a l u e   and  t he   q  =   y  v a l u e  

to  form  d e c i m a l   c o o r d i n a t e   v a l u e s   of  21  and  38.   F o l l o w i n g  

t h e   most   r e c e n t   X,  Y  c o o r d i n a t e   d i r e c t i o n   i n s t r u c t i o n s  



g i v e n ,   t he   X  i n c r e m e n t a l   v a l u e   is   added   to  t he   p r e v i o u s  

c o o r d i n a t e   612  p r o v i d i n g   t he   new  X  c o o r d i n a t e   of  633  and  t h e  

Y  i n c r e m e n t a l   v a l u e   is  s u b t r a c t e d   f rom  the   p r e v i o u s   Y  of  90  

to  p r o v i d e   a  new  Y  c o o r d i n a t e   v a l u e   of  5 2 .  

The  n e x t   f i r s t   n i b b l e   v a l u e   of  t he   n e x t   n i b b l e   s e r i e s  

f o r   t he   n e x t   c o m p l e t e   i n f o r m a t i o n   s e t   is  a  B  c o r r e s p o n d i n g  

to  Case   I I I   w h i c h   d i r e c t s   t he   a c c e s s   of  two  more  n i b b l e s   t o  

form  a  t h r e e   n i b b l e   s e r i e s ,   c o m p l e t e   i n f o r m a t i o n   s e t ,   a n d  

p r o d u c i n g   the   n e x t   c o o r d i n a t e   v a l u e s   of  6 5 0 ,   32  f o r   X  and  Y 

r e s p e c t i v e l y .  

The  n e x t   f i r s t   n i b b l e   of  t he   n e x t   n i b b l e   s e r i e s   f o r   t h e  

n e x t   c o m p l e t e   i n f o r m a t i o n   s e t   is   8  c o r r e s p o n d i n g   to  a  C a s e  

I I I ,   c a u s i n g  t h e   a c c e s s   of  t he   n e x t   two  n i b b l e s   to  p r o d u c e   a  

t h r e e   n i b b l e   i n f o r m a t i o n   s e t   and  new  c o o r d i n a t e   v a l u e s   o f  

6 5 9 ,   25  f o r   X  and  Y  r e s p e c t i v e l y .  

The  n e x t   f i r s t   n i b b l e   v a l u e   is  a  9  c o r r e s p o n d i n g   t o  

c a s e   I I I   and  d i r e c t i n g   t h e   a c c e s s   of  t he   n e x t   two  n i b b l e s   o f  

77  and  c o r r e s p o n d i n g   to  new  X  and  Y  c o o r d i n a t e   6 8 3 ,   1 7 .  

The  n e x t   f i r s t   n i b b l e   v a l u e   is   a  9  c a u s i n g   t h e   a c c e s s  

of  t he   n e x t   two  n i b b l e s   04  and  c o r r e s p o n d i n g   to  t he   new  X,  Y 

c o o r d i n a t e s   w i t h   7 0 4 ,   1 6 .  

The  n e x t   new  f i r s t   v a l u e   is   2  c o r r e s p o n d i n g   to  Case   I a  

and  d i r e c t i n g   t he   a c c e s s   of  t he   n e x t   t h r e e   n i b b l e s  

c o r r e s p o n d i n g   to  t he   5C0  c o r r e s p o n d i n g   to  a  new  Y  v a l u e   w i t h  

t he   d i r e c t i o n   i n d i c a t e d   by  the   f i r s t   s i g n i f i c a n t   b i t   t h e r e i n  

and  p r o d u c i n g   new  XY  c o o r d i n a t e s   of  7 0 4 ,   0  r e s p e c t i v e l y .  



The  n e x t   f i r s t   n i b b l e   v a l u e   of  the   n e x t   n i b b l e   s e r i e s  
f o r   t he   n e x t   c o m p l e t e   i n f o r m a t i o n   s e t   is  1  c o r r e s p o n d i n g   t o  

a  Case  Ia  and  d i r e c t i n g   t he   a c c e s s   of  t he   n e x t   two  n i b b l e s  

f o r m i n g   a  t h r e e   n i b b l e   s e r i e s   c o m p l e t e   i n f o r m a t i o n   s e t   8 2 4  

and  c o r r e s p o n d i n g   to  t he   new  X,  Y  l o c a t i o n   of  450 ,   w i t h  

r e s p e c t   to  t h e   l a s t   p r e v i o u s   d i r e c t i o n   g i v e n   fo r   t he   a x i a l  

d i r e c t i o n s   X  and  Y .  

The  n e x t   f i r s t   n i b b l e   v a l u e   4,  t he   n e x t   c o m p l e t e  
i n f o r m a t i o n   s e t   is   2  c o r r e s p o n d i n g   to  c a s e   Ia  and  t o  

c o m p l e t e   i n f o r m a t i o n   s e t s   5E0  c o r r e s p o n d i n g   to  new  XY 

c o o r d i n a t e s   4 5 8 ,   1 6 .  

The  n e x t   f i r s t   n i b b l e   v a l u e   i s   8  c o r r e s p o n d i n g   to  C a s e  

I I I   and  as  d e s c r i b e d   a b o v e   c o r r e s p o n d i n g   to  c o m p l e t e  
i n f o r m a t i o n   s e t   0E8  and  new  XY  c o o r d i n a t e s   465 ,   1 7 .  

The  n e x t   f i r s t   n i b b l e   v a l u e   i s   9  c o r r e s p o n d i n g   to  C a s e  

I I I   and  c o m p l e t e   i n f o r m a t i o n   s e t   389  and  new  XY  c o o r d i n a t e s  

4 9 0 , 2 1 .  

The  n e x t   f i r s t   n i b b l e   v a l u e   i s   8  c o r r e s p o n d i n g   to  C a s e  

I I I   and  c o m p l e t e   i n f o r m a t i o n   s e t   38A  and  new  XY  c o o r d i n a t e s  

5 0 1 , 2 5 .  

The  n e x t   f i r s t   n i b b l e   v a l u e   is   7  c o r r e s p o n d i n g   to  C a s e  

I I   w h i c h   d i r e c t s   t he   a c c e s s   of  a n o t h e r   n i b b l e   and  a c c o r d i n g  

to  t he   f o r m a t   shown  in  T a b l e   I I   p r o v i d e s   a  p  =   x  v a l u e   o f  

b i n a r y   101  c o r r e s p o n d i n g   to  a  d e c i m a l   v a l u e   of  5  to  w h i c h  

one  is  added   in  a c c o r d a n c e   w i t h   t he   p r o c e d u r e   above   t o  

p r o v i d e   a  d e c i m a l   v a l u e   of  6  fo r   t he   new  X  c o o r d i n a t e  

i n c r e m e n t a l   d i s t a n c e .   S i m i l a r l y ,   t he   q  =  y  v a l u e   is   b i n a r y  

011  w h i c h   c o r r e s p o n d s   to  a  d e c i m a l   v a l u e   of  3,  to  wh ich   o n e  

is   added   in  a c c o r d a n c e   w i t h   the   p r o c e s s   a b o v e   to  p r o v i d e   a  



new  v a l u e   of  4  c o r r e s p o n d i n g   to  t he   i n c r e m e n t a l   Y  c o o r d i n a t e  

d i s t a n c e .   The  new  XY  c o o r d i n a t e s   a r e   t h e r e f o r e   5 0 7 , 2 9  

a c c o r d i n g l y   to  t h e   d i r e c t i o n s   g i v e n   in  t he   l a s t   p r e v i o u s  

d i r e c t i o n   i n s t r u c t i o n .  

The  n e x t   f i r s t   n i b b l e   v a l u e   i s   8  c o r r e s p o n d i n g   to  C a s e  

I I I   and  t h e   a c c e s s   of  two  more  n i b b l e s   to  form  t h e   c o m p l e t e  

i n f o r m a t i o n   s e t   A88  and  XY  c o o r d i n a t e s   516 ,   4 0 .  

The  n e x t   f i r s t   n i b b l e   v a l u e   i s   8  c o r r e s p o n d i n g   to  C a s e  

I I I ,   t he   a c c e s s   of  t h e   n e x t   two  n i b b l e s   form  a  c o m p l e t e  

i n f o r m a t i o n   s e t   C18  and  new  c o o r d i n a t e s   XY  of  5 1 8 ,   5 3 .  

The  n e x t   f i r s t   n i b b l e   v a l u e   i s   z e r o   c o r r e s p o n d i n g   t o  

c a s e   Ib  w h i c h   d i r e c t s   t he   a c c e s s   of  t he   n e x t   n i b b l e   t o ,  

w h i c h   3  i s   added   in  a c c o r d a n c e   w i t h   p r o c e d u r e s   d e s c r i b e d  

a b o v e   to  form  t he   c o n t r o l   code   5.  As  shown  in  T a b l e   II   i s  

an  X  N e g a t e   w h i c h   c h a n g e s   t he   X  d i r e c t i o n   f rom  i t s   p r e v i o u s  

d i r e c t i o n .   The  n e x t   f i r s t   n i b b l e   v a l u e   is   an  8 

c o r r e s p o n d i n g   to  Case   I I I   and  in  a c c o r d a n c e   w i t h   t h e  

f o r e g o i n g   new  X,  Y  c o o r d i n a t e s   5 1 5 ,   6 7 .  

The  n e x t   f i r s t   n i b b l e   v a l u e   is  8  c o r r e s p o n d i n g   to  c a s e  

I I I   and  new  c o o r d i n a t e s   of  X,  Y  of  5 0 8 ,   86 ,   r e s p e c t i v e l y   i n  

a c c o r d a n c e   w i t h   t he   a b o v e   p r o c e d u r e .  

The  n e x t   f i r s t   n i b b l e   v a l u e   is   a  0  c o r r e s p o n d i n g   t o  

c a s e   Ib  w h i c h   d i r e c t s   t he   a c c e s s   of  t he   n e x t   n i b b l e   6  t o  

w h i c h   3  i s   a d d e d   a c c o r d i n g   to  t he   a b o v e   p r o c e d u r e   to  p r o v i d e  

a  c o n t r o l   code   of  9.  9  as  shown  in  T a b l e   II   is   a  l i n e  

s m o o t h   d i r e c t i o n .  



The  n e x t   f i r s t   n i b b l e   v a l u e   is  F  c o r r e s p o n d i n g   to  C a s e  

IV  and  in  a c c o r d a n c e   w i t h   t he   p r o c e d u r e   above   c a u s e s   t h e  

a c c e s s   of  t h r e e   more  n i b b l e s   f o r m i n g   t he   c o m p l e t e  

i n f o r m a t i o n   s e t   600F  and  new  X,  Y  c o o r d i n a t e s   4 5 9 ,   196  i n  

a c c o r d a n c e   w i t h   d i r e c t i o n s   as  g i v e n .  

The  n e x t   f i r s t   n i b b l e   v a l u e   is   1  c o r r e s p o n d i n g   to  C a s e  

Ia   w h i c h   d i r e c t s   t h e   a c c e s s   of  t he   n e x t   t h r e e   n i b b l e s ,   6 2 F  

i n d i c a t i v e   of  an  X  c o o r d i n a t e   p o i n t   in  a c c o r d a n c e   w i t h   t h e  

l a s t   p r e v i o u s   d i r e c t i o n s   g i v e n .   A c c o r d i n g l y ,   t he   new  X,  Y 

c o o r d i n a t e s   a r e   199 ,   1 9 6 .  

The  n e x t   f i r s t   n i b b l e   v a l u e   is   z e r o   c o r r e s p o n d i n g   t o  

Case   Ib  and  d i r e c t s   in  t h e   a c c e s s   of  t he   n e x t   n i b b l e   h a v i n g  

a  v a l u e   of  6  t o   w h i c h   3  i s   a d d e d   in  a c c o r d a n c e   w i t h   t h e  

a b o v e   p r o c e d u r e   to  p r o d u c e   a  9  c o r r e s p o n d i n g   to  c o n t r o l   c o d e  

9.  A  n e x t   f i r s t   n i b b l e   v a l u e   is  z e r o   once   a g a i n  

c o r r e s p o n d i n g   to  Case   Ib  w h i c h   d i r e c t s   the   a c c e s s   of  a  n e x t  

n i b b l e   w h i c h   is  3  to  w h i c h   3  i s   added   g i v i n g   t he   c o n t r o l  

code   v a l u e   6  w h i c h   means   n e g a t e   Y .  

The  n e x t   f i r s t   n i b b l e   v a l u e   is   F  c o r r e s p o n d i n g   to  C a s e  

IV  and  in  a c c o r d a n c e   w i t h   t he   a b o v e   p r o c e d u r e   c a u s e s   t h e  

a c c e s s   of  the   n e x t   t h r e e   n i b b l e s   to  c o m p l e t e   t he   i n f o r m a t i o n  

s e t   7D2F  and  p r o d u c i n g   new  X,  Y  c o o r d i n a t e s   of  148 ,   70  w h i c h  

i s   c o n n e c t e d   to  t he   p r e v i o u s   X,  Y  c o o r d i n a t e s   199 ,   6 6 ,  

a c c o r d i n g   to  t he   o v e r r i d e   c o n t r o l   code   9  and  in  t he   new  Y 

d i r e c t i o n .  

The  new  f i r s t   n i b b l e   v a l u e   is  z e r o   c o r r e s p o n d i n g   t o  

c a s e   Ib  and  d i r e c t i n g   t he   a c c e s s   of  the   n e x t   n i b b l e   h a v i n g   a  

v a l u e   of  7  to  w h i c h   3  i s   added   to  g i v e   i t   the   c o n t r o l   c o d e  

1 0 .  



The  n e x t   f i r s t   n i b b l e   v a l u e   is   a n  A   c o r r e s p o n d i n g   t o  

Case   I I I   and  d i r e c t i n g   the   a c c e s s   of  t he   n e x t   two  n i b b l e s   t o  

g i v e   the   c o m p l e t e   i n f o r m a t i o n   s e t   13A  and  new  X  and  Y 

c o o r d i n a t e s   144 ,   52  r e s p e c t i v e l y .  

The  n e x t   f i r s t   n i b b l e   v a l u e   is  z e r o   c o r r e s p o n d i n g   t o  

Case   Ib  w h i c h   d i r e c t s   t he   a c c e s s   of  a n o t h e r   n i b b l e   h a v i n g   a  

v a l u e   8  to  w h i c h   3  i s   a d d e d   in  a c c o r d a n c e   w i t h   t he   a b o v e  

p r o c e d u r e   to  p r o v i d e   t he   c o n t r o l   code   1 1 .  

The  n e x t   f i r s t   n i b b l e   v a l u e   i s   z e r o   c o r r e s p o n d i n g   t o  

Case   Ib  d i r e c t i n g   t h e   a c c e s s   of  a n o t h e r   n i b b l e   h a v i n g   t h e  

v a l u e   2  to  w h i c h   3  i s   a d d e d   g i v i n g   t h e   c o n t r o l   code   5  w h i c h  

n e g a t e s   t he   p r e v i o u s   X  d i r e c t i o n .  

The  n e x t   f i r s t   n i b b l e   v a l u e   i s  A   c o r r e s p o n d i n g   to  C a s e  

I I I   and  t he   a c c e s s   of  two  a d d i t i o n a l   n i b b l e s   g i v i n g   t h e  

c o m p l e t e   i n f o r m a t i o n   s e t   B08  and  new  XY  c o o r d i n a t e s   145 ,   4 0 .  

The  n e x t   f i r s t   n i b b l e   v a l u e   is   z e r o   c o r r e s p o n d i n g   t o  

c a s e   Ib  in  a c c o r d a n c e   w i t h   t he   above   p r o c e d u r e   c o n t r o l   c o d e '  

1 1 .  

The  n e x t   f i r s t   n i b b l e   v a l u e   is  8  c o r r e s p o n d i n g   to  C a s e  

I I I ,   c o m p l e t e   i n f o r m a t i o n   s e t   858  and  new  XY  c o o r d i n a t e s  

151 ,   3 1 .  

The  n e x t   f i r s t   n i b b l e   v a l u e   is   8  c o r r e s p o n d i n g   to  C a s e  

I I I ,   c o m p l e t e   i n f o r m a t i o n   s e t   7B8  and  new  XY  c o o r d i n a t e s  

1 6 3 , 2 3 .  

The  n e x t   f i r s t   n i b b l e   v a l u e   is   9  c o r r e s p o n d i n g   to  C a s e  

I I I ,   c o m p l e t e   i n f o r m a t i o n   s e t   599  and  new  XY  c o o r d i n a t e s  

1 8 9 , 1 7 .   The  n e x t   f i r s t   n i b b l e   v a l u e   is   9  c o r r e s p o n d i n g   t o  



c o m p l e t e   i n f o r m a t i o n   s e t   069  and  c o o r d i n a t e s   212 ,   1 6 .  

The  a b o v e   XY  c o o r d i n a t e s   2 1 2 , 1 6   b r i n g   t he   t r a v e r s e   o f  

t he   c l o s e d   d a t a   l o o p   b r i n g i n g   i t   back   to  t he   s t a r t i n g   p o i n t .  

The  n e x t   f i r s t   n i b b l e   v a l u e   is  z e r o   i n d i c a t i n g   Case   I b  

w i t h   t he   n e x t   a c c e s s   n i b b l e   I  to  wh ich   3  i s   added   p r o d u c i n g  

t h e   c o n t r o l   code   v a l u e   4  i n d i c a t i n g   the   end  of  c l o s e d   d a t a  

l o o p .  

In  a c c o r d a n c e   w i t h   t he   p r e f e r r e d   e m b o d i m e n t ,   a  r o u t i n e  

i s   a d d e d ,   no t   shown ,   w h i c h   wou ld   be  known  to  one  s k i l l e d   i n  

t h e   a r t   to  e n s u r e   t h a t   t he   c l o s e d   d a t a   l o o p   d e c o d i n g   c l o s e s  

upon  t he   s t a r t   l o c a t i o n   of  t he   c l o s e d   d a t a   l o o p   a n d  

c o m p l e t e s   t he   c l o s e d   o u t l i n e   l o o p   by  e n d i n g   a t   t he   s t a r t  

p o i n t   e n c o d i n g   of  t he   c l o s e d   d a t a   l o o p   wh ich   r e p r e s e n t s   t h e  

s t a r t   of  the   c l o s e d   o u t l i n e   l o o p .  

The  s e c o n d   c l o s e d   o u t l i n e   l o o p ,   shown  by  n u m e r a l   35  a n d  

a r r o w s   37,   of  t h e  A   now  s t a r t s   at  t he   c l o s e d   d a t a   l o o p   c o d e d  

h e x a d e c i m a l   n u m b e r s   7 9 0 ,   650  c o r r e s p o n d i n g   to  new  X  and  Y "  

c o o r d i n a t e   v a l u e s   2 1 6 ,   232  and  the   X  and  Y  d i r e c t i o n s ,  

d e r i v e d   a c c o r d i n g   to  t he   p r o c e s s   g i v e n   above   w i t h   t he   r e g a r d  

to  t he   s t a r t   p o i n t s   fo r   t h e   f o r e g o i n g   l o o p ,   3 1 .  

The  n e x t   f i r s t   n i b b l e   v a l u e   is   1  c o r r e s p o n d i n g   to  C a s e  

Ia  and  d i r e c t i n g   t h e   a c c e s s   of  the   n e x t   t h r e e   n i b b l e s   8 1 5  

and  new  XY  c o o r d i n a t e s   4 4 2 ,   2 3 2 .  

The  n e x t   f i r s t   n i b b l e   v a l u e   is   a  3  c o r r e s p o n d i n g   to  a 

Case   I a ,   d i r e c t i n g   the   a c c e s s   of  a  p a i r   of  t h r e e   n i b b l e s  

7 3 5 ,   and  97B  c o r r e s p o n d i n g   to  new  X  and  Y  c o o r d i n a t e s   of  330  

and  477  in  t he   n e g a t i v e   X  and  n e g a t i v e   Y  d i r e c t i o n s  

a c c o r d i n g l y .  



The  n e x t   f i r s t   n i b b l e   v a l u e   is   1  c o r r e s p o n d i n g   to  C a s e  

Ia  d i r e c t i n g   the   a c c e s s   of  the   n e x t   t h r e e   n i b b l e s   7 3 1  

c o r r e s p o n d i n g   to  X  c o o r d i n a t e   3 2 8 ,   Y  c o o r d i n a t e   477  in  t h e  

n e g a t i v e   X  and  n e g a t i v e   Y  d i r e c t i o n s   a c c o r d i n g l y .  

The  n e x t   f i r s t   n i b b l e   v a l u e   is   3  c o r r e s p o n d i n g   to  C a s e  

Ia  d i r e c t i n g   t h e   a c c e s s   of  a  p a i r   of  t h r e e   n i b b l e s   e a c h  

c o r r e s p o n d i n g   to  h e x a d e c i m a l   v a l u e   690  and  798  and  X  and  Y 

p o s i t i o n s   2 1 6 ,   2 3 2 ,   r e s p e c t i v e l y .   As  216 ,   232  a r e   t he   s t a r t  

p o i n t s ,   t he   c l o s e d   d a t a   l o o p   r e p r e s e n t i n g   t h e   c l o s e d   o u t l i n e  

l o o p   35  has   been   c o m p l e t e d   and  t he   n e x t   f i r s t   n i b b l e   v a l u e  

i s   z e r o   i n d i c a t i n g   Case   Ib  w i t h   t h e   l a s t   n i b b l e   a c c e s s e d  

a c c o r d i n g l y   b e i n g   z e r o   i n d i c a t i n g   t he   end  of  l o o p .   O n c e  

a g a i n ,   t he   r o u t i n e   d e s c r i b e d   a b o v e   is   used   to  i n s u r e   t h a t  

t h e   c l o s e d   d a t a   l o o p   e n d s   a t   i t s   s t a r t   p o i n t .  

The  a b o v e   is  a  r e p r e s e n t a t i v e   e n c o d i n g   of  a  l e t t e r   u s e d  

in  t h e   p r o c e s s   to  d e r i v e   the   c o o r d i n a t e   v a l u e s   a r o u n d   t h e  

o u t l i n e   of  the   c h a r a c t e r   a n d   any  o v e r r i d e   c o n t r o l   c o d e s  

w h i c h   may  be  u s e d   to  r e p l a c e   d e f a u l t   command  c o d e s .  

H o w e v e r ,   i t   s h o u l d   be  u n d e r s t o o d   t h a t   c h a n g e s   to  t he   c o d i n g s  

c o u l d   be  u sed   c o n s i s t e n t   w i t h   t he   p r i n c i p l e s   of  t h i s  

i n v e n t i o n ,   as  c l a i m e d   h e r e i n ,   and  t h a t   t he   i n v e n t i o n   s h o u l d  

n o t   be  r e s t r i c t e d   to  t he   c o d i n g   or  d e c o d i n g   p r o c e s s   s h o w n  

a b o v e ,   w i t h   r e s p e c t   to  t he   p r e f e r r e d   e m b o d i m e n t .  



AUTOSCALING  LINEAR  INTERPOLATION 

L i n e a r   i n t e r p o l a t i o n   is  a  w e l l - k n o w n   t e c h n i q u e   and  i s  

n o t   c l a i m e d   as  an  i n v e n t i o n   in  t h i s   a p p l i c a t i o n .   T h e  

a u t o s c a l i n g   l i n e a r   i n t e r p o l a t i o n   w h i c h   is  c l a i m e d   and  w h i c h  

i s   d e s c r i b e d   b e l o w   is   a  m e t h o d   of  i n c r e a s i n g   t he   p r e c i s i o n  

of  a  m a c h i n e   i n t e r p o l a t i o n   p r o c e d u r e   w h i c h   u s e s   as  a  s t a r t  

p o i n t ,   a  f i r s t   s e t   of  c o o r d i n a t e s   a n d  a s   an  e n d i n g   p o i n t   a  
s e c o n d   s e t   of  c o o r d i n a t e s .   The  c o o r d i n a t e s   a r e   u s u a l l y  

e x p r e s s e d   in  r e s p e c t i v e   c o o r d i n a t e   d i r e c t i o n s   s u c h   as  x  a n d  

y,  f o r   e x a m p l e .   In  t h e   p r e f e r r e d   e m b o d i m e n t ,   t he   p r o c e s s   o f  

l i n e a r   i n t e r p o l a t i o n   i s   f o r   t he   p u r p o s e   of  p r o d u c i n g  
c o o r d i n a t e   p o i n t s   a l o n g   a  s t r a i g h t   l i n e   b e t w e e n   the   f i r s t  

and  s e c o n d   end  p o i n t s ,   w h i c h   c o i n c i d e   w i t h   a  s e c o n d  

c o o r d i n a t e   s y s t e m   s u c h   as  t he   i n t e r c e p t s   in  a  r a s t e r  

d i s p l a y .   Each  of  t he   c o o r d i n a t e s   a r e   f ound   by  d e t e r m i n i n g  

t h e   s l o p e   of  t he   s t r a i g h t   l i n e   b e t w e e n   t he   two  end  p o i n t s  

w h i c h   is   e q u a l   to  t h e   i n c r e m e n t a l   d i s t a n c e   in  a  f i r s t  

c o o r d i n a t e   d i r e c t i o n   d i v i d e d   by  the   i n c r e m e n t a l   d i s t a n c e   i n  

a  s e c o n d   c o o r d i n a t e   d i r e c t i o n   ( i . e .   Y 2 - Y l / X 2 - X 1 ) .   T h a t  

f i r s t   c o o r d i n a t e   i n c r e m e n t a l   d i s t a n c e   is   e x p r e s s e d   in  a n  
e n c o d e d   m a c h i n e   v a l u e   as  a  f i r s t   d a t a   w o r d ,   ( i . e .  Y 2 - Y 1 ) ,  

in  a  f i r s t   m a c h i n e   l o c a t i o n .   The  s e c o n d   c o o r d i n a t e  

i n c r e m e n t a l   d i s t a n c e   b e t w e e n   t h e   two  end  p o i n t s   in  t h e  

s e c o n d   c o o r d i n a t e   d i r e c t i o n   ( i . e .   X 2 - X 1 ) ,   is  a l s o   e x p r e s s e d  

as  a  m a c h i n e   v a l u e   and  p l a c e d   in  a  s e c o n d   m a c h i n e   l o c a t i o n .  

The  m a c h i n e   l o c a t i o n   l i m i t s   t h e   p r e c i s i o n   by  wh ich   a  d a t a  

word  may  be  e x p r e s s e d .   For  e x a m p l e ,   and  as  is  w e l l - k n o w n ,  

e a c h   m a c h i n e   is   b a s e d   upon  r a d i x ,   w h i c h   is   a  number   b a s e .  

The  most   common  m a c h i n e   number   b a s e   i s   t h e   b i n a r y   n u m b e r  

b a s e .   Each  d a t a   word  a c c o r d i n g l y ,   has   a  number   of  b i t  

p o s i t i o n s   w i t h   each   s p e c i f i e d   b i t   p o s i t i o n   b e i n g   a  s p e c i f i e d  

power   of  t h a t   r a d i x   ( i . e .  2 4 ,  2 3 ,  2 2 ,  2 1 ,  2 0 ,   2 - 1 ,   2 - 2 , ) .  

A c c o r d i n g l y ,   a  s h i f t   of  a  d a t a   word  in  a  d i r e c t i o n   of  t h e  



most   s i g n i f i c a n t   b i t s   c o r r e s p o n d i n g   to  h i g h e r   e x p o n e n t i a l  
v a l u e s   or  h i g h e r   o r d e r s   of  t he   m a c h i n e   r a d i x ,   r e s u l t s   in  a n  
i n c r e a s e   in  t he   s c a l e   or  v a l u e   of  t he   d a t a   w o r d .   F u r t h e r ,  
e a c h   s h i f t   in  t he   d i r e c t i o n   of  t h e   mos t   s i g n i f i c a n t   b i t s ,  
r e s u l t s   in  an  e f f e c t i v e   m u l t i p l i c a t i o n   of  t he   d a t a   w o r d  

v a l u e   by  a  s c a l e   f a c t o r   of  t h e   m a c h i n e   r a d i x   r a i s e d   to  a n  

e x p o n e n t i a l   power   c o r r e s p o n d i n g   to  t h e   number   of  b i t s  

s h i f t e d   ( i . e .   13  b i t   p o s i t i o n s   s h i f t e d   is  e q u a l   to  a  s c a l e  

f a c t o r   of  213  in  a  b i n a r y   m a c h i n e   or  e q u i v a l e n t   of  8 1 9 6 ,   i n  

d e c i m a l   n o t a t i o n .   C o n v e r s e l y ,   e ach   s h i f t   of  a  d a t a   w o r d ,  

t o w a r d s   t he   l e a s t   s i g n i f i c a n t   b i t s ,   c o r r e s p o n d i n g   to  l o w e r  

e x p o n e n t i a l   v a l u e s   or  o r d e r s   of  t h a t   m a c h i n e   r a d i x ,  

c o r r e s p o n d s   to  an  e f f e c t i v e   d i v i s i o n   by  t h e   m a c h i n e   r a d i x  

v a l u e   and  c o n v e r s e l y   to  a  r e d u c i n g   s c a l e   f a c t o r .   F u r t h e r ,  

m a c h i n e   l o c a t i o n s   f o r   s t o r i n g   d a t a   w o r d s   a r e   l i m i t e d   in  t h e  

number   of  b i t s   a v a i l a b l e .   As  t he   p r e c i s i o n   of  a  d a t a   w o r d  

i s   a  f u n c t i o n   of  t he   d a t a   s p a c e   and  t he   number   of  b i t s  

a v a i l a b l e   fo r   s t o r i n g   t h a t   d a t a   w o r d ,   an  i n c r e a s e d   p r e c i s i o n  

f o r   e x p r e s s i n g   a  d a t a   word  a r e   o b t a i n a b l e   by  e x t e n d i n g   t h e  

number   of  b i t s   or  s i z e   of  a  m a c h i n e   l o c a t i o n   a v a i l a b l e   f o r  ,  

s p e c i f y i n g   a  d a t a   w o r d .   For  e x a m p l e ,   as  is   w e l l - r e c o g n i z e d ,  :  

in  a  d e c i m a l   s y s t e m ,   t he   number   5 . 6 3 2 4 9 8   i s   a  more  p r e c i s e  

v a l u e   t h a n   5 . 3 6 2 4   w h i c h   l a c k s   t h e   l a s t   t h r e e   s i g n i f i c a n t  

p l a c e s   ( i . e . . 0 0 0 0 9 8 ) ,   of  t he   f o r m e r   n u m b e r .   In  b i n a r y ,  

t h e   number   1 0 1 1 1 . 1 0 1   i s   a  more  p r e c i s e   e x p r e s s i o n   t h a n   t h a t  

number   t r u n c a t e d   or  r o u n d e d   to  1 0 1 1 1 . 0 0 0 ,   as  t h e   l a t t e r  

number   is   m i s s i n g   t h e   b i t s   .101   and  is   t h e r e f o r e   l e s s  

p r e c i s e .   H o w e v e r ,   t he   f o r m e r   b i n a r y   e x p r e s s i o n   r e q u i r e s   a  

l a r g e r   m a c h i n e   l o c a t i o n   f o r   s p e c i f y i n g   a l l   t he   r e l e v a n t   b i t s  

in  t h a t   e x p r e s s i o n .   The  " p o i n t "   in  t he   a b o v e   b i n a r y   a n d  

d e c i m a l   v a l u e s   a r e   used   to  i n d i c a t e   t he   p o s i t i o n s ,   a c c o r d i n g  

to  t h e   r a d i x   s y s t e m   u s e d ,   to  i n d i c a t e   p o s i t i o n   v a l u e s   e q u a l  

to  or  g r e a t e r   t h a n   1  ( d e c i m a l )   and  l e s s   t h a n   1 

( d e c i m a l ) ( i . e .   i n t e g e r   and  f r a c t i o n a l   v a l u e s ) .  



The  e f f e c t   of  s h i f t i n g   to  i n c r e a s e   t he   s c a l e   of  the   Y 
i n c r e m e n t   is   to  e l i m i n a t e   the   b i n a r y   p o i n t   in  a  t h i r d   d a t a  

word  r e p r e s e n t i n g   t he   s l o p e   or  Y  i n c r e m e n t a l   v a l u e   a n d  

t h e r e b y   a v o i d i n g   f l o a t i n g   p o i n t   a r i t h m e t i c   o p e r a t i o n s .   T h e  

p o i n t   s e p a r a t e s   t he   b i t   p o s i t i o n s   in  t h e   r a d i x   s y s t e m  
s e l e c t e d ,   s e p a r a t i n g   f r a c t i o n a l   f rom  i n t e g e r   v a l u e s   in  a 
d a t a   word  h a v i n g   v a l u e s   e q u a l   to  or  g r e a t e r   t h a n   1  and  l e s s  

t h a n   1  ( i .   e.  b e t w e e n   the   b i t   p o s i t i o n s   "20"  and  " 2 - 1 " .  

The  b i n a r y   p o i n t   is  e q u i v a l e n t   to  t he   d e c i m a l   p o i n t   in  a  
r a d i x   18  s y s t e m   and  e q u i v a l e n t   to  a  " p o i n t "   b e t w e e n   t h o s e  

m a c h i n e   p o s i t i o n s   h a v i n g   a  v a l u e   e q u a l   to  or  g r e a t e r   t h e n   1 

and  l e s s   t h e n   1  in  any  s y s t e m   and  as  s t a t e d ,   s e p a r a t i n g   t h e  

f r a c t i o n a l   v a l u e s   from  the   i n t e g e r   v a l u e s   in  t he   s l o p e   or  Y 

i n c r e m e n t   v a l u e .   By  s h i f t i n g   a  m a c h i n e   r e p r e s e n t a t i o n   of  a  
number   in  t h e   d i r e c t i o n   of  more  s i g n i f i c a n t   b i t s ,   t he   s c a l e  

of  t he   number   i s   i n c r e a s e d ,   t h e r e b y   moving   the   " p o i n t "  

e f f e c t i v e l y   in  t he   d i r e c t i o n   of  t h e   l e s s   s i g n i f i c a n t   b i t s .  

I f   a  s u f f i c i e n t   number   of  b i t   p o s i t i o n s   a r e   s h i f t e d ,   t h e  

b i n a r y   p o i n t   is  e l i m i n a t e d   f rom  t he   n u m b e r .   In  t h i s   w a y ,  

f l o a t i n g   p o i n t   a r i t h m e t i c   is  a v o i d e d .  

A c c o r d i n g   to  t he   i n v e n t i o n ,   l i n e a r   i n t e r p o l a t i o n  

p r o c e e d s   a c c o r d i n g   to  t he   known  m e t h o d   by  d e t e r m i n i n g   t h e  

c o o r d i n a t e   d i s t a n c e   in  a  f i r s t   c o o r d i n a t e   d i r e c t i o n   and  in  a  

s e c o n d   c o o r d i n a t e   d i r e c t i o n   b e t w e e n   a  s e t   of  end  p o i n t s .  

The  m e t h o d   is   u sed   in  t he   m a c h i n e   h a v i n g   a  r a d i x   " r "  

c o o r e s p o n d i n g   to  t h e   v a l u e s   of  d e s i g n a t e d   b i t   p o s i t i o n s   i n  

t h e   e n c o d e d   w o r d s   used   w i t h i n   t he   m a c h i n e .   The  p r o c e s s  

c o n t i n u e s   by  e n c o d i n g   a  f i r s t   d a t a   word  on  "N"  b i t s  

c o r r e s p o n d i n g   to  t he   d i s t a n c e   b e t w e e n   the   f i r s t   and  s e c o n d  

end  p o i n t s   in  t he   f i r s t   c o o r d i n a t e   ( i . e .   Y 2 - Y 1 ) ,   and  t h e n  

p l a c i n g   t h a t   f i r s t   d a t a   word  in  a  f i r s t   m a c h i n e   l o c a t i o n .  

To  c o m p l e t e   t he   p r o c e s s   of  c a l c u l a t i o n   the   s l o p e ,   a c c o r d i n g  

to  the   i n t e r p o l a t i o n   m e t h o d ,   a  s e c o n d   d a t a   word  of  M  b i t s  



c o r r e s p o n d i n g   to  t he   d i s t a n c e   b e t w e e n   the   f i r s t   and  s e c o n d  

end  p o i n t s   ( i . e .   X2-Xl )   in  a  s e c o n d   c o o r i n d a t e   d i r e c t i o n   i s  

e n c o d e d   and  p l a c e d   in  a  s e c o n d   l o c a t i o n .   The  m a c h i n e   is  now 

r e a d y   to  use  t he   d a t a   v a l u e   in  t he   f i r s t   l o c a t i o n   and  a  d a t a  

word  v a l u e   in  t he   s e c o n d   l o c a t i o n   in  a  p r o c e s s   of  d i v i s i o n  

to  p r o d u c e   a  t h i r d   d a t a   word  c o r r e s p o n d i n g   to  t he   s l o p e   o f  

t h e   s t r a i g h t   l i n e   b e t w e e n   t he   f i r s t   and  s e c o n d   end  p o i n t s  

( i . e .   Y 2 - Y 1 / X 2 - X 1 ) .   To  i n c r e a s e   t he   p r e c i s i o n   or  r e s o l u t i o n  

of  t he   t h i r d   d a t a   word  a c c o r d i n g   to  t he   i n v e n t i v e   p r o c e s s ,  
t h e   s c a l e   of  t he   f i r s t   d a t a   word  ( i . e .   Y 2 - Y 1 ) ,   is  i n c r e a s e d  

by  d e t e r m i n i n g   t he   t he   number   of  a v a i l a b l e   p o s i t i o n s   b e t w e e n  

t h e   mos t   s i g n i f i c a n t   p o s i t i o n   of  t he   f i r s t   d a t a   word  and  t h e  

m o s t   s i g n i f i c a n t   p o s i t i o n   of  t he   f i r s t   m a c h i n e   l o c a t i o n .  

The  f i r s t   d a t a   word  is  t h e n   s h i f t e d   in  a  f i r s t   d i r e c t i o n  

t o w a r d s   t h e - m o s t   s i g n i f i c a n t   p o s i t i o n s   in  t h a t   f i r s t   m a c h i n e  

l o c a t i o n ,   u t i l i z i n g   t h o s e   more  s i g n i f i c a n t   p o s i t i o n s   w h i c h  

w e r e   u n u s e d ,   when  e x p r e s s i n g   t h e   f i r s t   d a t a   w o r d .   The  s c a l e  

of  t h e   f i r s t   d a t a   word  is   a g a i n   i n c r e a s e d   by  s h i f t i n g   a 

s e c o n d   t i m e   in  t he   same  f i r s t   d i r e c t i o n   of  the   m o s t  

s i g n i f i c a n t   p o s i t i o n s   by  a  number   of  p o s i t i o n s   c o o r e s p o n d i n g  

to  t he   number   of  b i t   p o s i t i o n s   used   to  e n c o d e   the   s e c o n d -  

d a t a   word  ( i . e .   X 2 - X l ) .   In  t h e   p r e f e r r e d   e m b o d i m e n t ,   t h e  

f i r s t   m a c h i n e   l o c a t i o n   is   e x p a n d e d   to  a c c o m m o d a t e   t h i s  

a d d i t i o n a l   s h i f t .   I t   s h o u l d   be  n o t e d   t h a t   t he   i n v e n t i v e  

p r i n c i p l e   is  no t   l i m i t e d   to  t he   s i z e   of  a v a i l a b l e   d a t a   s p a c e  
in  any  one  m a c h i n e   or  to  any  m a c h i n e   r a d i x .  

In  t he   p r e f e r r e d   e m b o d i m e n t ,   t he   s e c o n d   s h i f t i n g  

o p e r a t i o n   d e s c r i b e d   a b o v e   o c c u r s   in  an  e x t e n s i o n   to  t h e  

f i r s t   m a c h i n e   l o c a t i o n .   The  q u o t i e n t   c o r r e s p o n d i n g   to  t h e  

s l o p e   ( i . e .   Y 2 - Y 1 / X 2 - X 1 )   p r o d u c e d   as  the   t h i r d   d a t a   word  b y  

d i v i s i o n   of  the   f i r s t   d a t a   word  by  the   s e c o n d   d a t a   word  w i l l  

r e d u c e   the   f i r s t   d a t a   word  to  a  s i z e   c o e x t e n s i v e   w i t h   t h e  

f i r s t   m a c h i n e   l o c a t i o n .   As  a  r e s u l t   t h e n ,   the   d a t a   word  may 



be  r a i s e d   by  a  s c a l e   f a c t o r   c o r r e s p o n d i n g   to  a  s h i f t   in  t h e  
d i r e c t i o n   of  the   most   s i g n i f i c a n t   p o s i t i o n s   c o r r e s p o n d i n g   t o  

t he   number   of  s i g n i f i c a n t   p o s i t i o n s   u sed   to  e x p r e s s   t h e  

d e n o m i n a t o r   ( i . e .   X2-Xl )   or  s e c o n d   d a t a   w o r d ,   as  t he   n e x t  
d i v i s i o n   s t e p   c a n c e l s   t h a t   s a i d   s h i f t   of  t he   f i r s t   d a t a  

v a l u e   by  the   s a i d   number   of  b i t   p o s i t i o n s   in  t h e   s e c o n d   d a t a  

word  and  c o o r e s p o n d i n g   r e d u c e s   i t s   p o s i t i o n   l e n g t h   to  t h e  

s i z e   of  the   f i r s t   m a c h i n e   l o c a t i o n .  

The  t h i r d   e n c o d e d   d a t a   word  ( i . e .   t he   Y  i n c r e m e n t a l  

v a l u e   f o r   e ach   X  i n c r e m e n t )   i s   t h e n   s t o r e d   and  added   to  t h e  

f i r s t   d a t a   word  ( i . e .   Y l ) .   The  s e c o n d   d a t a   word  ( i . e .   X1) 
i s   i n c r e m e n t e d   a  c o o r d i n a t e   word  v a l u e   c o r r e s p o n d i n g   to  t h e  

f i r s t   and  s e c o n d   c o o r d i n a t e   p o s i t i o n s   of  a  p o i n t   a l o n g   t h e  

l i n e   a r e   t h e n   s t o r e d .   In  T a b l e   I I I   a r e   g i v e n   t he   c o o r d i n a t e  

X,  Y  v a l u e s ;   t he   v a l u e   of  Y  i n c r e m e n t e d   a t   i t s   h i g h e s t  

p r e c i s i o n   and  s c a l e   f a c t o r   fo r   t he   e x a m p l e   s h o w n .  

In  t he   i t e r a t i v e   p r o c e s s ,   t he   t h i r d   e n c o d e d   d a t a   w o r d  

a t   t he   h i g h e r   r e s o l u t i o n ,   p r o d u c e d ,   c o r r e s p o n d i n g   to  t h e  

s l o p e   p r o d u c e d   a c c o r d i n g   to  the   a b o v e ,   is  used   i t e r a t i v e l y  

as  a  Y  i n c r e m e n t a l   v a l u e   to  d e r i v e   a  c u m u l a t i v e   Y  

i n c r e m e n t a l   v a l u e   r e l a t e d   to  a  r e s p e c t i v e   X  c o o r d i n a t e   v a l u e  

in  t he   f i r s t   d i r e c t i o n   ( i . e .   Y)  and  s t o r e d   as  a  c u m u l a t i v e  

Y.  As  no  c h a n g e   has  been   made  to  t he   p r e c i s i o n   ( i . e .   t h e  

number   of  p o s i t i o n s   used   to  e x p r e s s   t he   t h i r d   d a t a   w o r d ) ,  

t he   p r e c i s i o n   of  t he   t h i r d   d a t a   word  is  t he   same  as  t h e  

f i r s t   d a t a   w o r d ,   p r o d u c e d   by  s h i f t i n g   the   f i r s t   d a t a   w o r d  

and  i n c r e a s i n g   i t s   s c a l e ,   as  d e s c r i b e d .  

As  i n t e r p o l a t i o n   is   an  i t e r a t i v e   p r o c e s s ,   t he   d a t a   w o r d  

( i . e .   t h e  ' Y   i n c r e m e n t a l   v a l u e   a t   t h e   s a i d   h i g h e r  

p r e c i s i o n ) ,   is   used   to  p r o d u c e   the   c u m u l a t i v e   Y,  r e l a t e d   t o  

t he   Y  c o o r d i n a t e   fo r   a  r e s p e c t i v e   X  c o o r d i n a t e .  



As  t he   p u r p o s e   of  p r o d u c i n g   d a t a   word  v a l u e s  

c o r r e s p o n d i n g   to  p o i n t s   a l o n g   a  s t r a i g h t   l i n e ,   is   to  p r o d u c e  

i n t e r c e p t s   on  a  d i s p l a y   c o o r d i n a t e   s y s t e m ,   t h e   s c a l e  

c u m u l a t i v e   Y  w o r d s   a r e   r e d u c e d   to  t he   s c a l e   used   to  e x p r e s s  
t he   end  p o i n t   c o o r d i n a t e   v a l u e s ,   by  t h e   s t e p   of  t r u n c a t i n g  

or  r o u n d i n g .   T r u n c a t i n g   may  be  a c c o m p l i s h e d   by  d i s c a r d i n g   a  

p r e d e t e r m i n e d   number   of  l e a s t   s i g n i f i c a n t   b i t s   or  r o u n d i n g  

may  be  u s e d   by  a  s h i f t   in  t h e   d i r e c t i o n   of  t he   l e a s t  

s i g n i f i c a n t   b i t s ,   m i n u s   o n e ,   a d d i n g   a  b i t   c o r r e s p o n d i n g   t o  

t h e   r o u n d i n g   v a l u e   such   as  .5  ( d e c i m a l )   and  d i s c a r d i n g   a n y  
b i t s   h a v i n g   v a l u e s   l e s s   t h a n   t he   l e a s t   s i g n i f i c a n t   b i t   v a l u e  

of  i n t e r e s t .   In  t he   p r e f e r r e d   e m b o d i m e n t ,   t r u n c a t i n g   o r  

r o u n d i n g   i s   to  t he   p o s i t i o n   of  t he   l o w e s t   i n t e g e r   v a l u e   i n  

t h e   r a d i x   2  s y s t e m   ( i . e .   to  b i t   p o s i t i o n   2 ° ) .  

In  t he   f o r e g o i n g   m a n n e r ,   t he   s c a l e   of  c u m u l a t i v e   Y  i s  

t h e n   r e d u c e d   to  f i t   s c a l e   of  t he   d a t a   w o r d s   fo r   the   e n d  

p o i n t   c o o r d i n a t e s .   In  t h e   p r e f e r r e d   e m b o d i m e n t ,   t h e  

o r i g i n a l   p r e c i s i o n   is   t h a t   of  t he   c o o r d i n a t e s   on  a  d i s p l a y  

w h i c h   a r e   t he   d i s p l a y   i n t e r c e p t s ,   shown  as  X,  Y  in  T a b l e  

I I I .   The  r e s u l t   of  u s i n g   t h i s   m e t h o d   is   to  a v o i d   t h e  

i n c r e m e n t a l   e r r o r   i n t r o d u c e d   i n t o   each   c u m u l a t i v e   Y  v a l u e   b y  

summing   Y  i n c r e m e n t a l   a t   a  l o w e r   s c a l e .  

The  i n c r e m e n t a l   v a l u e   a t   t he   i n c r e a s e d   s c a l e   f a c t o r   may  

be  u s e d   to  d e r i v e   a  c u m u l a t i v e   Y  f o r   e a c h   r e s p e c t i v e  

c o o r d i n a t e   X  v a l u e s   by  i t e r a t i v e l y   i n c r e m e n t i n g   Y  i n c r e m e n t  

by  Y  i n c r e m e n t   to  p r o d u c e   a  f i r s t   c u m u l a t i v e   Y  and  t h e n  

i n c r e m e n t i n g   t h a t   f i r s t   c u m u l a t i v e   Y  w i t h   t he   Y  i n c r e m e n t a l  

v a l u e   and  so  on  to  p r o d u c e   a  s e r i e s   of  d i s t i n c t   c u m u l a t i v e   Y 

v a l u e s   a t   t he   h i g h e r   s c a l e   f a c t o r   fo r   e a c h   X  c o o r d i n a t e .  

The  d i s c r e t e   c u m u l a t e   Y  v a l u e s   may  t h e n   be  r e d u c e d   by  t h e  

s c a l e   f a c t o r   to  t he   s c a l e   of  t h e   n u m e r a t o r   (dx)  b e f o r e  

s h i f t i n g   and  a d d e d   to  t he   i n i t i a l   Y  c o o r d i n a t e   v a l u e   t o  



p r o d u c e   t h e   c o r r e c t   Y  c o o r d i n a t e   f o r   e a c h   r e s p e c t i v e   X 
c o o r d i n a t e .   By  p r o d u c i n g   the   c u m u l a t i v e   Y  u s i n g   Y  i n c r e m e n t  

a t   t he   i n c r e a s e d   s c a l e   f a c t o r ,   c u m u l a t i v e   e r r o r s   in  t he   Y 
c o o r d i n a t e   v a l u e   due  to  an  e r r o r   in  t he   c u m u l a t i v e   Y  v a l u e  

due  to  t he   l o w e r   s c a l e   f a c t o r   of  Y  i n c r e m e n t s   a r e   a v o i d e d .  

An  e x a m p l e   is   shown  in  T a b l e   I I I .   In  t he   p r e f e r r e d  

e m b o d i m e n t ,   a  r a d i x   2  m a c h i n e   i s   used   w i t h   l o c a t i o n s   of  16 

b i t s   each   used   and  w i t h   t h e   mos t   s i g n i f i c a n t   or  16 th   b i t  

b e i n g   used   f o r   a  s i g n   b i t .   The  Y  r e g i s t e r ,   t h e r e f o r e ,  

c o r r e s p o n d i n g   to  a  f i r s t   d a t a   word  of  120  would   be  0000  0 0 0 0  

0111  1 0 0 0 .   As  t he   l e f t m o s t   or  mos t   s i g n i f i c a n t   b i t   of  t h e  

r e g i s t e r   i s   no t   a v a i l a b l e   f o r   i n d i c a t i n g   the   n u m e r i c a l  

v a l u e ,   as  i t - i s   a  s i g n   b i t   in  t he   p r e f e r r e d   e m b o d i m e n t ,   t h e n  

t h e   f i r s t   d a t a   word  e x p r e s s e d   in  b i n a r y ,   may  be  s h i f t e d   t o  

t h e   l e f t   in  t he   d i r e c t i o n   of  t he   mos t   s i g n i f i c a n t   b i t s ,   a  

t o t a l   of  e i g h t   p l a c e s   c o r r e s p o n d i n g   to  t he   e i g h t   z e r o s   o r  

u n u s e d   b i n a r y   b i t   p o s i t i o n s   to  t he   l e f t   of  "111  1 0 0 0 . "   T h e  

u p d a t e d   f i r s t   d a t a   w o r d ,   as  shown  in  t he   r e g i s t e r   is   now 

0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0   c o r r e s p o n d i n g   to  a  d e c i m a l   v a l u e   o f  

3 0 , 7 2 0 .  

The  d e n o m i n a t o r   c o r r e s p o n d i n g   to  t he   d i s t a n c e   b e t w e e n  

t h e   end  p o i n t s   in  a  s e c o n d   c o o r d i n a t e   d i r e c t i o n   and  to  t h e  

s e c o n d   d a t a   word  is   the   b i n a r y   word  0000  0000  0011  0 0 1 0  

e q u a l   to  a  d e c i m a l   v a l u e   of  50.   The  q u o t i e n t   p r o d u c e d   b y  

t h e   d i v i s i o n   of  t he   d i v i d e n d   or  f i r s t   d a t a   word  by  t h e  

d e n o m i n a t o r   or  s e c o n d   d a t a   word  p r o d u c e s   a  q u o t i e n t   h a v i n g   a 

number   of  b i t s   r e l a t e d   to  t he   number   of  b i t s   in  t he   d i v i d e n d  

r e d u c e d   by  the   number   of  b i t s   in  t he   d i v i s o r   or  d e n o m i n a t o r .  

In  the   d i v i s o r ,   the   mos t   s i g n i f i c a n t   b i t   is  in  t he   6 th   b i t  

p o s i t i o n   c o r r e s p o n d i n g   to  a  d e c i m a l   25  or  d e c i m a l   of  3 2 .  

The  n u m e r a t o r   c o r r e s p o n d i n g   to  t he   f i r s t   d a t a   word  a n d  

e x p r e s s e d   as  t he   16  b i t   b i n a r y   word  0111  1000  0000  0000  may  



be  r a i s e d   by  an  o r d e r   of  t he   r a d i x ,   ( i . e .   25)  c o r r e s p o n d i n g  
to  t he   o r d e r   of  t he   most   s i g n i f i c a n t   b i t   p o s i t i o n   of  t h e  

d e n o m i n a t o r ,   w i t h   t he   a s s u r a n c e   t h a t   t he   q u o t i e n t   w i l l   f i t  

w i t h i n   t he   r e g i s t e r   s i z e   c o n t a i n i n g   t h e   f i r s t   d a t a   w o r d  

a f t e r   s h i f t i n g   a b o v e   and  w i t h o u t   l o s s   of  any  s i g n i f i c a n t  

b i t s   in  t h e   q u o t i e n t ,   such   a s ,   f o r   e x a m p l e ,   b i t  

c o r r e s p o n d i n g   to  t h e   r e m a i n d e r .  

To  s u m m a r i z e   t h e   f o r e g o i n g ,   the   p r e c i s i o n   of  d a t a   w o r d  

f o r   t h e   n u m e r a t o r   v a l u e ,   used   in  d e r i v i n g   t he   s l o p e   can  b e  

r a i s e d   w i t h i n   t h e   s p a c e   a l l o t t e d   by  a  m a c h i n e   r e g i s t e r   b y  

s h i f t i n g   t he   s i g n i f i c a n t   b i t s   of  t h a t   d a t a   word  to  t he   l e f t  

or  t o w a r d s   t he   mos t   s i g n i f i c a n t   b i t   in  t he   r e g i s t e r   e q u a l   t o  

t h e   number   of  u n u s e d   b i t s   in  t he   r e g i s t e r   or  in  t he   e x a m p l e  

b e t w e e n   the   mos t   s i g n i f i c a n t   b i t   p o s i t i o n   fo r   t he   f i r s t   d a t a  

word  shown ,   or  s e v e n t h   b i t   p o s i t i o n   and  the   mos t   s i g n i f i c a n t  

b i t   p o s i t i o n   a v a i l a b l e   in  t he   r e g i s t e r .   T h i s   c a u s e s   t h e  

b i n a r y   word  c o r r e s p o n d i n g   to  t he   n u m e r a t o r   to  be  s t a t e d   a t  

i t s   h i g h e s t   v a l u e   t h e r e b y   a v o i d i n g   f l o a t i n g   p o i n t  

a r i t h m e t i c .   The  p r e c i s i o n   of  t he   s l o p e   used   in  l i n e a r  

i n t e r p o l a t i o n   may  be  f u r t h e r   i n c r e a s e d   by  e x p a n d i n g   t h e '  

r e g i s t e r   s p a c e   a v a i l a b l e   fo r   s t o r i n g   t h a t   b i n a r y   word  a n d  

s h i f t i n g   h a t   f i r s t   d a t a   word  to  t he   l e f t ,   e f f e c t i v e l y  

r a i s i n g   i t   by  a  power   of  t he   r a d i x   u s e d ,   c o r r e s p o n d i n g   t o  

t h e   number   of  s i g n i f i c a n t   b i t s   in  t he   d e n o m i n a t o r   o r  

d i v i s o r .   As  s t a t e d   a b o v e ,   as  the   s l o p e   is   t he   q u o t i e n t  

p r o d u c e d   by  t he   d i v i s i o n   of  t he   d i v i d e n d   or  n u m e r a t o r   ( f i r s t  

d a t a   v a l u e ) ,   by  t he   d i v i s o r   or  d e n o m i n a t o r   ( s e c o n d   d a t a  

v a l u e ) ,   a  s h i f t   of  t he   n u m e r a t o r   by  the   number   o f  

s i g n i f i c a n t   b i t s   in  t he   d e n o m i n a t o r ,   a f t e r   d i v i s i o n   p r o d u c e s  

a  q u o t i e n t   h a v i n g   a  number   of  s i g n i f i c a n t   b i t s   no  g r e a t e r  

t h a n   t he   d i v i d e n d .   In  t h i s   way,   t he   p r e c i s i o n   of  t h e  

q u o t i e n t   or  i n c r e m e n t a l   v a l u e   in  t he   f i r s t   c o o r d i n a t e  

d i r e c t i o n   is   m a i n t a i n e d   e q u a l   to  t he   p r e c i s i o n   of  a 



n u m e r a t o r .  

To  c o n t i n u e   w i t h   t he   e x a m p l e   a b o v e ,   as  t he   d i v i s o r  
c o n t a i n s   6  s i g n i f i c a n t   b i t s   c o r r e s p o n d i n g   in  b i n a r y   n o t a t i o n  
to  i t   25  or  32  t h e n   the   n u m e r a t o r   may  be  s h i f t e d   to  the   l e f t  
f o r   a  t o t a l   of  13  p l a c e s   by  i n c r e a s i n g   the   s c a l e ,   r a i s i n g  
t h e   v a l u e   of  t he   f i r s t   d a t a   word  by  a  s c a l e   f a c t o r   of  2 1 3 .  

As  213  e q u a l s   d e c i m a l   8 1 9 2 ,   t he   a r i t h m e t i c   a c c o m p l i s h e d   i n  

b i n a r y   form  and  e x p r e s s e d   in  d e c i m a l   i s  

d e c .  

The  f i r s t   c o o r d i n a t e   or  Y  i n c r e m e n t a l   v a l u e   i s  

e x p r e s s e d  4 n   d e c i m a l   as  1 9 6 6 0 / 8 1 9 2  -   2 . 3 9 9 9 0 2   or  4CCC  i n  

HEX.  The  a c t u a l   i n c r e m e n t a l   v a l u e   d e f i n e d   by  t he   c o o r d i n a t e  
end  p o i n t s   is   1 2 0 / 5 0  -   2 . 4 .   The  d i f f e r e n c e   b e t w e e n   the   Y 
i n c r e m e n t a l   v a l u e ,   e x p r e s s e d   as  a  t h i r d   d a t a   word  and  t h e  

a c t u a l   s l o p e   is  4x10-3%  e r r o r .   As  shown  in  T a b l e   I I I ,   the   Y 
i n c r e m e n t a l   p r o d u c e d   a t   t he   h i g h e r   p r e c i s i o n   i s   used   t o  

i t e r a t i v e l y   i n c r e m e n t   Y,  w h i c h   is   t h e n   r e d u c e d   in  s c a l e  

a c c o r d i n g l y   and  added   to  t he   f i r s t   end  p o i n t   in  t he   f i r s t  

c o o r d i n a t e   d i r e c t i o n   (Y  d i r e c t i o n )   and  t h a t   Y  c o o r d i n a t e  

v a l u e   is  s t o r e d .   In  r e d u c i n g   t he   s c a l e ,   the   Y  v a l u e   may  b e  

t r u n c a t e d   or  r o u n d e d ,   to  p r o d u c e   an  i n t e r c e p t   v a l u e ,   f o r  

e x a m p l e .   As  shown  in  T a b l e   I I I   b e l o w ,   t he   i n t e r c e p t   v a l u e  

is   shown  as  p r o d u c e d   by  t r u n c a t i o n   and  r o u n d i n g .  

A d d i t i o n a l l y ,   to  i n c r e a s e   t he   s p e e d   of  t he   p r o c e s s ,   t h e  

v a l u e   of  the   f i r s t   d a t a   word  or  n u m e r a t o r   may  be  c o m p a r e d   t o  

s u c c e s s i v e   e n t r i e s   in  an  o r d e r e d   s e t   of  v a l u e s .   By  a 

c o m p a r i s o n   of  t he   v a l u e   of  the   f i r s t   d a t a   word  i t   c a n  

q u i c k l y   be  d e t e r m i n e d   w h e t h e r   t he   c o o r d i n a t e   d i f f e r e n c e  

( i . e .   Y2-Yl )   is   g r e a t e r   or  l e s s e r   t h a n   a  v a l u e   in  a 

p a r t i c u l a r   p o s i t i o n   of  the   s e t   of  v a l u e s .   A c c o r d i n g l y ,   t h e  



s e t   of  v a l u e s   may  be  a r r a n g e d   in  d e c r e a s i n g   o r d e r s   of  t h e  

m a c h i n e   r a d i x ,   ( i . e .   213 ,   2 1 2 ,  . . .   2 9 ) .   By  a  s u c c e s s i v e  

p r o c e s s   of  c o m p a r i s o n   in  t he   d e c r e a s i n g   o r d e r ,   i t   can  e a s i l y  
be  d e t e r m i n e d   w h e r e   in  t h i s   p r o c e d u r e ,   t he   f i r s t   d a t a   w o r d  
in  t he   f i r s t   m a c h i n e   l o c a t i o n   i s   l e s s   t h a n   a  v a l u e   in  t h e  

s e t   of  v a l u e s .   Then  t h a t   p a r t i c u l a r   v a l u e   in  t h e   s e t   o f  

v a l u e s   c o u l d   be  r e f e r e n c e d   to  an  i n d e x   v a l u e   to  i n d i c a t e   t h e  

number   of  b i t s   a v a i l a b l e   in  t h e   n u m e r a t o r   r e g i s t e r   f o r  

s h i f t i n g   t h e   f i r s t   d a t a   w o r d .   I t   s h o u l d   be  n o t e d   t h a t  

a c c o r d i n g   to  t h e   p r i n c i p l e s   of  t h e   i n v e n t i o n ,   i t   i s   n o t  

n e c e s s a r y   w h e r e   t he   d e n o m i n a t o r   i s   a  power   of  two,   such   a s  
two  or  f o u r ,   to  d i v i d e ,   s a v i n g   a d d i t i o n a l   t i m e ,   as  s h i f t i n g  
of  t he   n u m e r a t o r   a c c o m p l i s h e s   t h e   same  r e s u l t .  

A c c o r d i n g l y ,   t he   a b o v e   p r o c e s s   is   e q u a l l y   v a l i d   fo r   t h e  

r e v e r s e   p r o c e s s   w h e r e   t h e   s e t   of  v a l u e s   is   in  i n c r e a s i n g  
o r d e r   and  t h e   c o m p a r i s o n   is   in  t h e   i n c r e a s i n g   o r d e r   w i t h   t h e  

p a r t i c u l a r   v a l u e   of  i n t e r e s t   in  t he   s e t   b e i n g   the   f i r s t  

g r e a t e r   t h a n   t h e   f i r s t   d a t a   w o r d .  

In  t h i s   way,   i t   is  p o s s i b l e   to  a v o i d   f l o a t i n g   p o i n t  

a r i t h m e t i c   by  i n c r e a s i n g   t he   v a l u e   of  t he   n u m e r a t o r   a n d  

c o r r e s p o n d i n g   to  t he   number   of  u n u s e d   b i t s   a v a i l a b l e   in  t h e  

r e g i s t e r   f o r   s h i f t i n g   w h i l e   f u r t h e r   i n c r e a s i n g   the   v a l u e   o f  

t h e   n u m e r a t o r   c o r r e s p o n d i n g   to  t h e   number   of  s i g n i f i c a n t  

b i t s   in  t h e   d e n o m i n a t o r   to  m a i n t a i n   t he   power   of  two  of  t h e  

mos t   s i g n i f i c a n t   b i t   of  t he   q u o t i e n t   e q u a l   to  t h e   power   o f  

two  of  t he   mos t   s i g n i f i c a n t   b i t   of  t h e   d i v i d e n d   and  t h e r e b y  

i n c r e a s i n g   t he   p r e c i s i o n   of  t he   q u o t i e n t   and  the   a n s w e r .  

A d d i t i o n a l l y ,   i t   is  p o s s i b l e   to  use  a  s e t   of  v a l u e s   such  a s  

a  l o o k   up  t a b l e   f o r   e x a m p l e ,   to  c o m p a r e   t he   v a l u e   of  t h e  

n u m e r a t o r   to  v a l u e s   in  t he   d e n o m i n a t o r ,   s e l e c t i n g   as  a n  

i n d e x   number   r e l a t e d   to  a  v a l u e   in  s a i d   s e t   of  v a l u e s   t o  

i n d i c a t i n g   t he   number   of  p o s i t i o n s   a v a i l a b l e   fo r   s h i f t i n g  



t h e   n u m e r a t o r   by  a r r a n g i n g   the   s e t   of  v a l u e s   in  an  o r d e r   o f  

v a l u e s   c o r r e s p o n d i n g   to  d e c r e a s i n g   or  i n c r e a s i n g   o r d e r s   o f  
t he   r a d i x   and  s u c c e s s i v e l y   c o m p a r i n g   the   n u m e r a t o r   v a l u e   i n  

t he   o r d e r   of  s a i d   d e c r e a s i n g   or  i n c r e a s i n g   p o w e r s   of  t h e  

r a d i x   u n t i l   a  p a r t i c u l a r   v a l u e  i s   f o u n d   w h i c h   is   g r e a t e r   o r  

l e s s ,   r e s p e c t i v e l y   t h a n   t he   n u m e r a t o r   v a l u e .   T h a t  

p a r t i c u l a r   v a l u e   can  t h e n   c o r r e s p o n d   to  an  i n d e x   v a l u e  

c o r r e s p o n d i n g   to  t he   power   of  two  a v a i l a b l e   in  t he   r e g i s t e r  

f o r   s h i f t i n g   the   n u m e r a t o r   and  i n c r e a s i n g   i t s   v a l u e   by  a  

power   of  t w o .  

As  would   be  a p p a r e n t   to  t h o s e   s k i l l e d   in  t he   a r t ,   t h e  

i n v e n t i v e   p r i n c i p l e s   can  be  a p p l i e d   to  any  r a d i x   s y s t e m   o r  

to  any  c o o r d i n a t e   s y s t e m .  







The  e f f e c t   of  s h i f t i n g   to  i n c r e a s e   t he   s c a l e   of  the   Y 
i n c r e m e n t   i s   to  e l i m i n a t e   t he   b i n a r y   p o i n t   in  a  t h i r d   d a t a  

word  r e p r e s e n t i n g   the   s l o p e   and  Y  i n c r e m e n t   and  t h e r e b y  

a v o i d i n g   f l o a t i n g   p o i n t   a r i t h m e t i c   o p e r a t i o n s .   The  b i n a r y  

p o i n t   s e p a r a t e s   t he   b i t   l o c a t i o n s   s e p a r a t i n g   f r a c t i o n a l   f r o m  

i n t e g e r   v a l u e s   in  a  d a t a   word  ( i . e .   h a v i n g   v a l u e s   e q u a l   t o  

or  g r e a t e r   t h a n   1  and  l e s s   t h a n   1  ( i . e .   b e t w e e n   t h e   b i t  

p o s i t i o n s   "20"   and  " 2 - 1 " .   The  b i n a r y   p o i n t   is   e q u i v a l e n t   t o  

t h e   d e c i m a l   p o i n t   in  a  r a d i x   10  s y s t e m   and  e q u i v a l e n t   to  a  

" p o i n t "   b e t w e e n   t h o s e   m a c h i n e   p o s i t i o n s   h a v i n g   a  v a l u e   e q u a l  

to  or  g r e a t e r   t h a n   1  and  l e s s   t h a n   one  in  any  s y s t e m   a n d  

s e p a r a t i n g   t h e   f r a c t i o n a l   v a l u e s   f rom  t he   i n t e g e r   v a l u e s   i n  

t h e   s l o p e   or  Y  i n c r e m e n t   v a l u e .  

By  s h i f t i n g   in  t he   d i r e c t i o n   of  more  s i g n i f i c a n t   b i t s ,  

t h e   s c a l e   f a c t o r   of  Y  i n c r e m e n t   is  i n c r e a s e d ,   t h e r e b y   m o v i n g  

t h e   " p o i n t "   e f f e c t i v e l y   in  t he   d i r e c t i o n   of   t he   l e s s  

s i g n i f i c a n t   b i t s .   I f   a  s u f f i c i e n t   number   of  b i t   p o s i t i o n s  

a r e   s h i f t e d ,   t h e   b i n a r y   p o i n t   is  e l i m i n a t e d   f rom  Y 

i n c r e m e n t .   In  t h i s   way,   f l o a t i n g   p o i n t   a r i t h m e t i c   i s  

a v o i d e d .   The  v a l u e   of  Y  i n c r e m e n t   a t   t he   i n c r e a s e d   s c a l e  

f a c t o r   may  be  used   to  d e r i v e   a  c u m u l a t i v e   Y  f o r   e a c h  

r e s p e c t i v e   c o o r d i n a t e   X  v a l u e s   by  i t e r a t i v e l y   i n c r e m e n t i n g   Y 

i n c r e m e n t   by  Y  i n c r e m e n t   to  p r o d u c e   a  f i r s t   c u m u l a t i v e   Y  a n d  

t h e n   i n c r e m e n t i n g   t h a t   f i r s t   c u m u l a t i v e   Y  w i t h   Y  i n c r e m e n t  

and  so  on  to  p r o d u c e   a  s e r i e s   of  d i s t i n c t   c u m u l a t i v e   Y 

v a l u e s   a t   t he   h i g h e r   s c a l e   f a c t o r   fo r   e a c h   X  c o o r d i n a t e .  

The  d i s c r e t e   c u m u l a t e   Y  v a l u e s   may  t h e n   be  r e d u c e d   by  t h e  

s c a l e   f a c t o r   to  t he   s c a l e   of  t he   n u m e r a t o r   (dx)  b e f o r e  

s h i f t i n g   and  a d d e d   to  t h e   i n i t i a l   Y  c o o r d i n a t e   v a l u e   t o  

p r o d u c e   the   c o r r e c t   Y  c o o r d i n a t e   f o r   e a c h   r e s p e c t i v e   X 

c o o r d i n a t e .   By  p r o d u c i n g   the   c u m u l a t i v e   Y  u s i n g   Y  i n c r e m e n t  

a t   t he   i n c r e a s e d   s c a l e   f a c t o r ,   e r r o r s   in  t h e   Y  c o o r d i n a t e  

v a l u e   due  to  an  e r r o r   in  t he   c u m u l a t i v e   Y  i n c r e m e n t   due  t o  



t he   l o w e r   s c a l e   f a c t o r   of  Y  i n c r e m e n t   a re   a v o i d e d .  

The  c o m p i l e r   used   in  t he   p r e f e r r e d   e m b o d i m e n t   t o  

p e r f o r m   t h e   m e t h o d   d e s c r i b e d   h e r e i n   i s   shown  in  t h e  

f o l l o w i n g   p r o g r a m   l i s t i n g s   w r i t t e n   in  M o t o r o l a   6 8 0 0 0  

a s s e m b l e r   l a n g u a g e   and  c o n t a i n e d   w i t h i n   s i x   m o d u l e s .  

The  f i r s t   m o d u l e   is   t he   main   p r o g r a m   u t i l i z i n g   t h e  

c o n t r o l   m o d u l e s   shown  as  m o d u l e s   2 - 7 .   I t s   f u n c t i o n   is  t o  

a c c e s s   t he   pack   d a t a   and  i n t e r p r e t   t he   k n o t   l o c a t i o n s   a n d  

c o n t r o l   c o d e s   t h e r e i n .  

M o d u l e   2  i s   a  s u b s e t   of  m o d u l e   1  and  is   used   t o  

e v a l u a t e   e a c h   c o m p l e t e   i n f o r m a t i o n   s e t ,   i d e n t i f y i n g   the   C a s e  

and  c o n t r o l   code   v a l u e   t h e r e o f .  

Modu le   3  is  t he   c o m p i l e r   d e s c r i b e d   e a r l i e r ,   w h i c h  

f u n c t i o n s   a c c o r d i n g   to  e q u a t i o n s   3 .1  and  3 . 2 .   and  w h i c h  

c o m p i l e s   t he   k n o t   l o c a t i o n s ,   t he   a n g l e s   of  t h e   c u r v e   a t   t h e  

k n o t s ,   and  t h e   r e l a t e d   v a l u e s   of  t he   p a r a m e t e r   t  to  p r o d u c e  
t h e   node   l o c a t i o n s   on  t he   c u r v e   s e g m e n t   l o c u s .  

M o d u l e   4  i s   t h e   c o m p i l e r   w h i c h   o p e r a t e s   a c c o r d i n g   t o  

t h e   m e t h o d   of  a u t o - s c a l i n g   l i n e a r   i n t e r p o l a t i o n   s h o w n  

h e r e i n .  

Modu le   5  i s   a  m o d u l e   w h i c h   r e c e i v e s   c u r v e   c o o r d i n a t e  

d a t a ,   c o r r e s p o n d i n g   to  t he   d i s p l a y   c o o r d i n a t e   s y s t e m   a n d  

s o r t s   t h i s   d a t a   in  t he   o r d e r   of  t he   r a s t e r   l i n e s   on  t h e  

d i s p l a y ,   so  t h a t   t he   d i s p l a y   d a t a   is  a c c e s s e d   in  t i m e d  

r e l a t i o n   to  t he   g e n e r a t i o n   of  t he   r a s t e r   l i n e s ,   w i t h   d a t a  

f o r   d i s p l a y   on  any  one  p a r t i c u l a r   r a s t e r   l i n e   a c c e s s e d   i n  

t i m e   w i t h   the   l o c a t i o n   of  t he   i m a g i n g   beam  at   t h a t   r a s t e r  

l i n e .  



Module   6  is  a  g e n e r a l   p u r p o s e   memory  a l l o c a t i o n   and  r e l e a s e  

m e c h a n i s m   fo r   b u f f e r   and  r a s t e r   l i n e   d a t a .  

Module   7  is   an  a p p a r a t u s   for   p e r f o r m i n g   g e n e r a l  

t r i g o n o m e t r y .  

As  s a i d ,   t h e s e   m o d u l e s   a re   w r i t t e n   in  68000  a s s e m b l e r   c o d e  

as  used   in  the   p r e f e r r e d   e m b o d i m e n t   to  p e r f o r m   the   i n v e n t i o n   a s  

d e s c r i b e d .   The  l a n g u a g e   fo r   the   p r e f e r r e d   e m b o d i m e n t   is  f u r t h e r  

c o m p i l e d   i n t o   m a c h i n e   o b j e c t   l a n g u a g e   fo r   use  on  the   M o t o r o l a  

6 8 0 0 0 .  

Wi th   r e s p e c t   to  t he   s y s t e m   g e n e r a l l y   shown  in  F i g u r e   1 0 ,  

t h e r e   is  i l l u s t r a t e d   a  g e n e r a l   t y p e   of  a p p a r a t u s   w i t h   wh ich   t h e  

i n v e n t i o n   can  be  p r a c t i c e d .   More  p a r t i c u l a r l y ,   in  one  a s p e c t   t h e  

CPU  1  is  a  m i c r o p r o c e s s o r   a r r a n g e m e n t   made  up  o f ,   for   e x a m p l e ,   a  

M o t o r o l a   68000  p r o c e s s o r .   The  p r o c e s s o r   w i l l   be  used   to  c o n t r o l  

the   e n c o d e d   i n f o r m a t i o n   in  d a t a   s t o r e   5.  The  d a t a   s t o r e   c a n  
r e s i d e   in  p a r t ,   f o r   e x a m p l e ,   M a g n e t i c   D i s c ,   CD  ROM,  M a g n e t i c  

T a p e ,   ROM,  RAM,  N e t w o r k e d   Da ta   Base   S y s t e m s ,   o t h e r   m a g n e t i c   m e d i a  

or  the   l i k e   e n c o d a b l e   m e d i a .   I t   is  to  be  u n d e r s t o o d   t h a t   t h e  

a b o v e - i d e n t i f i e d   s p e c i f i c   e l e m e n t s   a re   e n c o m p a s s e d   in  s a i d   d a t a  

s t o r e   5.  C o n t r o l   and  i n i t i a t i o n   of  the   p r o c e s s   can  be  e f f e c t e d ,  

for   e x a m p l e ,   by  a  k e y b o a r d   3  t h r o u g h   w h i c h   i n s t r u c t i o n s   can  b e  

g i v e n .   The  p r o c e s s o r   c o n t r o l s   the   i m a g i n g   a p p a r a t u s   7 .  

In  a  s p e c i f i c   a s p e c t ,   t he   a r r a n g e m e n t   d e s c r i b e d   i s  

e s p e c i a l l y   a d a p t e d   fo r   use  as  a  p h o t o t y p s e t t e r   of  t he   t ype   u s i n g  

c o n v e n t i o n a l   l a s e r   r a s t e r   s c a n   t e c h n o l o g y .   A l t e r n a t i v e l y ,   t h e  

s y s t e m   of  F i g u r e   10  can  a l s o   c o r r e s p o n d   to  a  d e s k t o p   c o m p u t e r  
w i t h   CRT  d i s p l a y .  















































































































































1.  A  m e t h o d   of  e n c o d i n g   d a t a   on  an  e n c o d a b l e   m e d i u m ,  

r e p r e s e n t i n g   k n o t s   on  an  o u t l i n e   d e f i n e d   r e l a t i v e  

to  a  c o o r d i n a t e   p l a n e ,   and  fo r   d e c o d i n g   s a i d  

e n c o d i n g   d a t a   for   use  in  a  d i s p l a y   p r o c e s s   t o  

p r o d u c e   i m a g e s   of  s a i d   o u t l i n e   r e p r e s e n t e d   by  s a i d  

e n c o d e d   d a t a ,   the   m e t h o d   c o m p r i s i n g   the   s t e p s   o f :  

a)  s e l e c t i n g   s e t s   of  c o o r d i n a t e s   on  s a i d   o u t l i n e ,  

to  r e p r e s e n t   s a i d   k n o t s ,  

b)  e s t a b l i s h i n g   a  s u c c e s s i v e   o r d e r   of  s a i d   k n o t s ,  

c)  e n c o d i n g   s a i d   k n o t s   on  an  e n c o d a b l e   medium  i n  

a  d a t a   o r d e r   i n d i c a t i v e   of  s a i d   kno t   o r d e r ,  

s a i d   s t e p   c)  of  e n c o d i n g   i n c l u d i n g   e n c o d i n g   a  

c o m p l e t e   i n f o r m a t i o n   s e t   of  d a t a   p r o v i d i n g   a  

c o n t r o l   code   i n d i c a t i v e   a t   l e a s t   one  of  i)  t h e  

c o o r d i n a t e   l o c a t i o n s   of  s a i d   k n o t s ,   i i )   a  

k n o t ' s   d i r e c t i o n   r e l a t i v e   to  o t h e r s   of  s a i d  

k n o t s ,   i i i )   a  p r e d e t e r m i n e d   s h a p e   of  s a i d  

o u t l i n e   b e t w e e n   a  p a i r   of  s a i d   k n o t s ,   iv)  d a t a  

i n d i c a t i v e   of  the   s h a p e   of  s a i d   o u t l i n e   at   a  

k n o t ,   and  v)  p r o v i d i n g   d a t a   i n d i c a t i v e   of  t h e  

c o o r d i n a t e   d i s t a n c e s   b e t w e e n   a d j a c e n t   k n o t s ,  

d)  d e c o d i n g   s a i d   c o m p l e t e   i n f o r m a t i o n   s e t s   in  a  

d e c o d i n g   o r d e r   r e l a t e d   to  s a i d   d a t a   o r d e r ,  

e)  r e s p o n s i v e   to  s a i d   c o m p l e t e   i n f o r m a t i o n   s e t s  

b e i n g   i n d i c a t i v e   of  the   c o o r d i n a t e   d i s t a n c e s  

b e t w e e n   a d j a c e n t   k n o t s ,   p r o d u c i n g   an  image  o f  

a  s m o o t h   c o n t i n u o u s   c u r v e d   o u t l i n e   or  a  

s t r a i g h t   l i n e   b e t w e e n   s a i d   a d j a c e n t   k n o t s   o r ,  

f)  r e s p o n s i v e   to  s a i d   c o m p l e t e   i n f o r m a t i o n   s e t s  

b e i n g   i n d i c a t i v e   of  a  c o n t r o l   c o d e ,   p r o d u c i n g  



an  image  of  a  s m o o t h   c o n t i n u o u s   c u r v e d   o u t l i n e  

or  a  s t r a i g h t   l i n e   a c c o r d i n g   to  s a i d  

c o o r d i n a t e   l o c a t i o n s   of  s a i d   k n o t s   r e l a t i v e   t o  

a d j a c e n t   k n o t s   in  s a i d   s u c c e s s i v e   k n o t   o r d e r  

or  p r o d u c i n g   an  image  of  s a i d   o u t l i n e   b e i n g  

s m o o t h   a t   r e s p e c t i v e   k n o t s   or  b e i n g   s h a r p   a n d  

f o r m i n g   c u s p s   a t   r e s p e c t i v e   k n o t s .  

2.  A  m e t h o d   as  in  c l a i m   1,  w h r e i n   s a i d   s t e p   e )  

i n c l u d e s   the   s t e p   g)  of  e v a l u a t i n g   the   c o o r d i n a t e  

d i s t a n c e   and  the   i n t e r k n o t   a n g l e   b e t w e e n   a d j a c e n t  

k n o t s ,   c o m p a r i n g   s a i d   e v a l u a t e d   c o o r d i n a t e   d i s t a n c e  

of  i n t e r k n o t   a n g l e   to  a  p r e d e t e r m i n e d   c o o r d i n a t e  

d i s t a n c e   or  to  a  p r e d e t e r m i n e d   i n t e r k n o t   a n g l e   a n d ,  

p r o d u c i n g   a  s t r a i g h t   l i n e   b e t w e e n   r e s p e c t i v e  

a d j a c e n t   k n o t s   in  r e s p o n s e   to  s a i d   c o m p a r i s o n   t o  

s a i d   p r e d e t e r m i n e d   c o o r d i n a t e   d i s t a n c e   or  to  s a i d  

p r e d e t e r m i n e d   i n t e r k n o t   a n g l e .  

3.  A  m e t h o d   as  in  c l a i m   2,  w h e r e i n   s a i d   s t e p   g )  
i n c l u d e s   the   s t e p   of  p r o d u c i n g   a  s t r a i g h t   l i n e   i n  

r e s p o n s e   to  s a i d   c o m p a r i s o n   i n d i c a t i n g   a  d e f a u l t  

c o n d i t i o n   when  s a i d   c o o r d i n a t e   d i s t a n c e   or  s a i d  

i n t e r k n o t   a n g l e   i s   g r e a t e r   t h a n   s a i d   p r e d e t e r m i n e d  

c o o r d i n a t e   d i s t a n c e   or  i n t e r k n o t   a n g l e  

r e s p e c t i v e l y .  

4.  A  m e t h o d   as  in  c l a i m   1,  w h e r e i n   s a i d   s t e p   f)  o f  

p r o d u c i n g   a  s t r a i g h t   l i n e   i n c l u d e s   the   s t e p   h)  o f  

l i n e a r   i n t e r p o l a t i o n   b e t w e e n   f i r s t   and  s e c o n d   k n o t  

end  p o i n t s ,   to  p r o d u c e   c o o r d i n a t e s   on  a  s t r a i g h t  

l i n e   o u t l i n e ,   and  where   s a i d   c o o r d i n a t e s   a r e  

l o c a t e d   on  a  c o o r d i n a t e   s y s t e m   h a v i n g   a  f i r s t  



c o o r d i n a t e   d i r e c t i o n   and  s e c o n d   c o o r d i n a t e  

d i r e c t i o n   and  e n c o d e d   in  a  m a c h i n e ,   r e a d a b l e   d a t a  

words   of  a  r a d i x   " r " ,   c o r r e s p o n d i n g   to  the   o r d e r  

and  v a l u e   of  d e s i g n a t e d   p o s i t i o n s   in  s a i d   d a t a  

w o r d s ,   c o m p r i s i n g   the   s t e p s   o f :  

i)  e n c o d i n g   a  f i r s t   d a t a   word  of  "N"  p o s i t i o n s  

c o r r e s p o n d i n g   to  the  d i s t a n c e   b e t w e e n   the   s a i d  

f i r s t   and  s e c o n d   kno t   end  p o i n t s   in  s a i d   f i r s t  

c o o r d i n a t e   d i r e c t i o n   and  p l a c i n g   s a i d   f i r s t  

d a t a   word  i n t o   a  f i r s t   m a c h i n e   l o c a t i o n ,  

i i )   e n c o d i n g   a  s e c o n d   d a t a   word  of  "M"  b i t s  

c o r r e s p o n d i n g   to  the   d i s t a n c e   b e t w e e n   s a i d  

f i r s t   and  s e c o n d   kno t   end  p o i n t s   in  s a i d  

s e c o n d   c o o r d i n a t e   d i r e c t i o n   and  p l a c i n g   s a i d  

s e c o n d   d a t a   word  i n t o   a  s e c o n d   m a c h i n e  

l o c a t i o n ,  

i i i )   d e t e r m i n i n g   the   number   of  a v a i l a b l e   p o s i t i o n s ,  

b e t w e e n   the   most   s i g n i f i c a n t   p o s i t i o n   of  s a i d  

f i r s t   d a t a   word  and  the  mos t   s i g n i f i c a n t  

p o s i t i o n   of  s a i d   f i r s t   m a c h i n e   l o c a t i o n ,  

a v a i l a b l e   for   s h i f t i n g   s a i d   f i r s t   d a t a   word  i n  

a  f i r s t   d i r e c t i o n   of  the   most   s i g n i f i c a n t  

p o s i t i o n s   of  s a i d   f i r s t   m a c h i n e   l o c a t i o n ,  

iv)  s h i f t i n g   s a i d   f i r s t   d a t a   word  by  a  m a x i m u m  

number   of  p o s i t i o n s ,   e q u a l   to  s a i d   number   o f  

a v a i l a b l e   p o s i t i o n s   in  s a i d   f i r s t   d i r e c t i o n  

and  the   number   of  p o s i t i o n s   c o r r e s p o n d i n g   t o  

the   number   of  s i g n i f i c a n t   p o s i t i o n s   used   t o  

e n c o d e   s a i d   s e c o n d   d a t a   w o r d ,   and  i n c r e a s i n g  

the   s c a l e   of  s a i d   f i r s t   d a t a   word  by  a  s c a l e  

f a c t o r   r e l a t e d   to  the  number   of  s a i d   p o s i t i o n s  

s h i f t e d ,  



v)  d e r i v i n g   a  t h i r d   d a t a   word  i n d i c a t i v e   of  s a i d  

s e c o n d   d a t a   word  in  s a i d   s e c o n d   m a c h i n e  

l o c a t i o n   d i v i d e d   i n t o   s a i d   f i r s t   d a t a   w o r d  

s h i f t e d   a c c o r d i n g   to  s t e p   d ) ,  

v i )   e n c o d i n g   d a t a   words   i n d i c a t i v e   of  t h e  

c o o r d i n a t e   of  s a i d   s t r a i g h t   l i n e   in  s a i d  

s e c o n d   c o o r d i n a t e   d i r e c t i o n ,  

v i i   for   r e s p e c t i v e   o n e s   of  s a i d   d a t a   words   e n c o d e d  

a c c o r d i n g   to  s t e p   v i ) ,   e n c o d i n g   a  m u l t i p l e   o f  

s a i d   t h i r d   d a t a   w o r d ,   wh ich   a re   r e l a t e d   to  a  

r e s p e c t i v e   c o o r d i n a t e   in  s a i d   f i r s t   c o o r d i n a t e  

d i r e c t i o n ,   on  s a i d   s t r a i g h t   l i n e ,  

v i i i   r e d u c i n g   the   s c a l e   of  s a i d   m u l t i p l e s   of  s a i d  

t h i r d   d a t a   words   p r o d u c e d   in  s t e p   v i i )   to  t h e  

s c a l e   of  t he   f i r s t   d a t a   word  of  s t e p   i ) ,   p r i o r  

to  s a i d   s h i f t i n g   of  s t e p   i v ) ,   a n d  

ix  e n c o d i n g   s a i d   t h i r d   d a t a   words   p r o d u c e d   i n  

s t e p   v i i i )   w i t h   r e s p e c t i v e   c o o r d i n a t e s   in  s a i d  

s e c o n d   c o o r d i n a t e   d i r e c t i o n   to  p r o d u c e   s a i d  

c o o r d i n a t e s   on  s a i d   s t r a i g h t   l i n e .  

5.  A  m e t h o d   as  in  c l a i m   4,  w h e r e i n   s a i d   s t e p   v i i i )   o f  

r e d u c i n g   the   s c a l e   i n c l u d e s   the   s t e p   x)  o f  

t r u n c a t i n g .  

6.  A  m e t h o d   as  in  c l a i m   4,  w h e r e i n   s a i d   s t e p   v i i i )   o f  

r e d u c i n g   the   s c a l e   i n c l u d e s   the   s t e p   xi)   o f  

r o u n d i n g .  

7.  A  m e t h o d   as  in  c l a i m   5,  w h e r e i n   s a i d   s t e p   x)  o f  

t r u n c a t i n g   i n c l u d e s   the   s t e p   x i i )   of  s h i f t i n g   s a i d  

d a t a   words   of  s t e p   v i i )   by  t he   number   of  p o s i t i o n s  

s h i f t e d   in  s t e p   i v ) .  

8.  A  m e t h o d   as  in  c l a i m   6,  w h e r e i n   s a i d   s t e p   x i )  

i n c l u d e s   the   s t e p   x i i i )   of  s h i f t i n g   s a i d   d a t a   w o r d s  



of  s t e p   v i i )   by  the   number   of  p o s i t i o n s   s h i f t e d   i n  

s t e p   i v ) ,   l e s s   one  p o s i t i o n ,   to  r e d u c e   the   s c a l e   o f  

s a i d   w o r d s ,   and  a d d i n g   a  d a t a   word  c o r r e s p o n d i n g   t o  

a  r o u n d i n g   v a l u e ,   to  s a i d   r e s p e c t i v e   d a t a   w o r d s ,  

and  s h i f t i n g   s a i d   r e s p e c t i v e   d a t a   words   a n  

a d d i t i o n a l   p o s i t i o n   to  round   s a i d   d a t a   words   to  t h e  

s c a l e   of  t he   f i r s t   d a t a   word  of  s t e p   i ) ,   p r i o r   t o  

s a i d   s h i f t i n g   of  s t e p   i v ) .  

9.  A  m e t h o d   as  in  c l a i m   2,  w h e r e i n   s a i d   s t e p s   e)  or  f )  

of  p r o d u c i n g   a  s m o o t h   c o n t i n u o u s   c u r v e   i n c l u d e s   t h e  

s t e p   i)  of  g e n e r a t i n g   a  s e r i e s   of  s i g n a l s  

r e p r e s e n t i n g   n o d e s   on  a  l o c u s   of  a  c u r v e   p a r t i a l l y  

d e f i n e d   by  a  s e t   of  r e l a t e d   k n o t s ,   e n c o d e d   as  d a t a ,  

w i t h   s a i d   k n o t s   d e f i n i n g   the   end  p o i n t s   o f  

r e s p e c t i v e   s e g m e n t s   of  s a i d   c u r v e   l o c u s   and  w i t h  

s a i d   k n o t s   b e i n g   in  a  s u c c e s s i v e   o r d e r   in  r e l a t i o n  

to  s a i d   l o c u s ,   and  fo r   e n c o d i n g   s a i d   node  s i g n a l s  

as  d a t a   for   use  when  r e p r e s e n t i n g   s a i d   c u r v e  

s e g m e n t s   in  a  s e p a r a t e   a d d i t i o n a l   p r o c e s s  

r e s p o n s i v e   to  the   s h a p e   of  s a i d   c u r v e   l o c u s ,   a s  

r e p r e s e n t e d   by  s a i d   e n c o d e d   node  s i g n a l s ,  

c o m p r i s i n g   the   s t e p s   o f :  

i)  fo r   a  f i r s t   k n o t ,   ( Z a ) ,   r e p r e s e n t i n g   a  f i r s t  

end  p o i n t   of  a  f i r s t   c u r v e   s e g m e n t ,   d e r i v i n g   a  

f i r s t   a n g l e ,   i n d i c a t i v e   of  the   a v e r a g e   of  t h e  

i n t e r k n o t   a n g l e s   b e t w e e n   s a i d   f i r s t   kno t   ( Z a ) ,  
and  s e l e c t e d   r e l a t e d   k n o t s ,   and  e n c o d i n g   a s  

d a t a ,   s i g n a l s   i n d i c a t i v e   of  s a i d   f i r s t   a n g l e ,  

i i )   at  a  s e c o n d   of  s a i d   k n o t s   ( Z b ) ,   r e p r e s e n t i n g   a  

s e c o n d   end  p o i n t   of  s a i d   f i r s t   c u r v e   s e g m e n t ,  

e s t a b l i s h i n g   a  s e c o n d   a n g l e   for   s a i d   f i r s t  

c u r v e   s e g m e n t ,   and  e n c o d i n g   as  d a t a ,   s i g n a l s  



i n d i c a t i v e   of  s a i d   s e c o n d   a n g l e ,  

i i i )   c o m p i l i n g   d a t a   in  a  c o m p i l e r   a c c o r d i n g   to  a  
c u b i c   p a r a m e t r i c   p o l y n o m i a l   r e l a t i o n s h i p  

b e t w e e n   a  p a r a m e t e r   " t " ,   s a i d   k n o t s   and  a n g l e s  
a t   s a i d   end  p o i n t s   of  a  s a i d   c u r v e   s e g m e n t   a n d  

the   l o c u s   of  s a i d   c u r v e   s e g m e n t ,  

iv)  the   v a l u e   for   p a r a m e t e r   " t "   f a l l i n g   w i t h i n   a  

r a n g e   of  v a l u e   " R " ,  

v)  a p p l y i n g   s a i d   s i g n a l s   i n d i c a t i v e   of  s a i d  

l o c a t i o n s   of  s a i d   f i r s t   and  s e c o n d   k n o t s   o f  

s a i d   f i r s t   c u r v e   s e g m e n t ,   to  s a i d   c o m p i l e r ,  

vi)   a p p l y i n g   s a i d   s i g n a l s   i n d i c a t i v e   of  the   s a i d  

f i r s t   and  s e c o n d   a n g l e s   of  s a i d   f i r s t   c u r v e  

s e g m e n t   to  s a i d   c o m p i l e r ,  

v i i )   a p p l y i n g   a  s i g n a l   i n d i c a t i v e   of  a  d i s t i n c t  

s e l e c t e d   v a l u e   of  s a i d   p a r a m e t e r   " t "   w i t h i n  

s a i d   r a n g e   "R" ,   to  s a i d   c o m p i l e r   to  d e r i v e   a  

s i g n a l   i n d i c a t i v e   of  a  r e s p e c t i v e   n o d e  

l o c a t i o n   on  s a i d   f i r s t   c u r v e   s e g m e n t ,  

v i i i )   r e p e a t i n g   s t e p   v i i )   by  a p p l y i n g   s i g n a l s  

i n d i c a t i v e   of  a d d i t i o n a l   d i s t i n c t   s e l e c t e d  

v a l u e s   of  s a i d   p a r a m e t e r   " t " ,   w i t h i n   s a i d  

r a n g e   "R" ,   to  d e r i v e   a  p l u r a l i t y   of  s i g n a l s  

i n d i c a t i v e   of  r e s p e c t i v e   node  l o c a t i o n s   o n  

s a i d   l o c u s   of  s a i d   f i r s t   c u r v e   s e g m e n t   f o r  

r e s p e c t i v e   d i s t i n c t   s e l e c t e d   v a l u e s   of  s a i d  

p a r a m e t e r   " t " ,   a n d  

ix)  e n c o d i n g   s a i d   s i g n a l s   d e r i v e d   in  s t e p   v i i )   a n d  

v i i i ) ,   in  a  d a t a   b a s e   to  r e p r e s e n t   s a i d   f i r s t  

c u r v e   s e g m e n t .  

10.  A  m e t h o d   as  in  c l a i m   9,  i n c l u d i n g   the   s t e p   x)  o f  

r e p e a t i n g   s t e p s   i)  t h r o u g h   ix)  for   at   l e a s t   a  



s e c o n d   c u r v e   s e g m e n t   w i t h i n   s a i d   l o c u s   of  s a i d  

c u r v e .  

11.  A  m e t h o d   as  in  c l a i m   9,  w h e r e i n   s a i d   c o m p i l e r   is  i n  

the   H e r m i t e   f o r m .  

12.  A  m e t h o d   as  in  c l a i m   1,  w h e r e i n   s a i d   s t e p   f)  o f  

p r o d u c i n g   an  image  of  s a i d   o u t l i n e   f o r m i n g   a  c u s p  

a t   r e s p e c t i v e   k n o t s   i n c l u d e s   the   s t e p   j)  o f  

e n c o d i n g   s a i d   c o n t r o l   v a l u e   as  i n d i c a t i v e   of  a  c u s p  
f o r m e d   at   a  f i r s t   k n o t ,   and  w h e r e i n   the   e x i t   a n g l e  

(4)  of  s a i d   o u t l i n e   at  s a i d   f i r t   kno t   i s  

s u b s t a n t i a l l y   t he   i n t e r k n o t   a n g l e   (B)  b e t w e e n   a  

p r e c e d i n g   k n o t   in  s a i d   kno t   o r d e r   and  s a i d   f i r s t  

k n o t ,   and  the   o u t l i n e   b e t w e e n   s a i d   kno t   and  s a i d  

p r e c e d i n g   kno t   is  a  s t r a i g h t   l i n e .  

13.  A  m e t h o d   as  in  c l a i m   1,  w h e r e i n   s a i d   s t e p   f)  o f  

p r o d u c i n g   a  s m o o t h   o u t l i n e   a t   a  kno t   i n c l u d e s   t h e  

s t e p   k)  of  e n c o d i n g   s a i d   c o n t r o l   code   v a l u e   a s  

i n d i c a t i v e   of  a  s m o o t h   o u t l i n e   a t   a  f i r s t   k n o t ,   a n d  

w h e r e i n   the   e n t r a n c e   a n g l e   (a)  of  s a i d   o u t l i n e   a t  

s a i d   f i r s t   kno t   is  s u b s t a n t i a l l y   the   i n t e r k n o t  

a n g l e   (B)  b e t w e e n   a  p r e c e d i n g   kno t   and  s a i d   f i r s t  

k n o t ,   and  s a i d   o u t l i n e   b e t w e e e n   s a i d   p r e c e d i n g   k n o t  

a t   s a i d   f i r s t   kno t   is  a  s t r a i g h t   l i n e ,   and  s a i d  

o u t l i n e   b e t w e e n   s a i d   f i r s t   kno t   and  a  s u c c e e d i n g  

k n o t   is  a  s m o o t h   c o n t i n u o u s   c u r v e .  

14.  A  m e t h o d   as  in  c l a i m   1,  w h e r e i n   s a i d   s t e p   f)  o f  

p r o d u c i n g   a  s m o o t h   o u t l i n e   at   a  f i r s t   kno t   i n c l u d e s  

the   s t e p   1)  of  e n c o d i n g   s a i d   c o n t r o l   code   v a l u e   a s  

i n d i c a t i v e   of  a  smoo th   kno t   o u t l i n e   a t   a  f i r s t  

k n o t ,   and  w h e r e i n   the  e x i t   a n g l e   (4)  of  s a i d  

o u t l i n e   is  s u b s t a n t i a l l y   t he   i n t e r k n o t   a n g l e  

b e t w e e n   s a i d   f i r s t   kno t   and  a  s u c c e s s i v e   k n o t ,   a n d  

s a i d   o u t l i n e   b e t w e e n   s a i d   f i r s t   kno t   and  s a i d  



s u c c e s s i v e   kno t   is  a  s t r a i g h t   l i n e ,   and  s a i d  

o u t l i n e   b e t w e e n   s a i d   f i r s t   k n o t   and  a  p r e c e d i n g  

k n o t   i s   a  s m o o t h   c o n t i n u o u s   c u r v e .  

15.  A  m e t h o d   as  in  c l a i m   1,  w h e r e i n   s a i d   s t e p   f)  o f  

p r o d u c i n g   a  c u s p   at   f i r s t   k n o t   i n c l u d e s   t he   s t e p   m) 

of  e n c o d i n g   s a i d   c o n t r o l   code   v a l u e   as  i n d i c a t i v e  

of  a  c u s p   a t   a  f i r s t   k n o t ,   and  w h e r e i n   s a i d   o u t l i n e  

is   a  s m o o t h   c o n t i n u o u s   c u r v e   b e t w e e n   s a i d   f i r s t  

k n o t   and  a  s u c c e s s i v e   k n o t ,   and  the   e n t r a n c e   a n g l e  

(  8)  of  s a i d   s m o o t h   c o n t i n u o u s   c u r v e   o u t l i n e   a t  

s a i d   f i r s t   kno t   is  s u b s t a n t i a l l y   t he   e x i t   a n g l e  

(  ¢)  of  s a i d   o u t l i n e   at  s a i d   s u c c e s s i v e   k n o t ,   w i t h  

r e s p e c t   to  the   i n t e r k n o t   a n g l e   (B)  b e t w e e n   s a i d  

f i r s t   kno t   and  s a i d   s u c c e s s i v e   k n o t ,   and  s a i d  

o u t l i n e   b e t w e e n   s a i d   f i r s t   k n o t   and  a  p r e c e d i n g  

kno t   i s   a  s t r a i g h t   l i n e .  

16.   A  m e t h o d   as  in  c l a i m   1,  w h e r e i n   s t e p   f)  o f  

p r o d u c i n g   a  c u s p   a t   a  f i r s t   k n o t   i n c l u d e s   the  s t e p  

n)  of  e n c o d i n g   s a i d   c o n t r o l   code   v a l u e   i n d i c a t i v e  

of  a  c u s p   at   a  f i r s t   k n o t ,   w h e r e i n   s a i d   o u t l i n e   i s  

a  s m o o t h   c o n t i n u o u s   c u r v e   b e t w e e n   s a i d   f i r s t   k n o t  

and  a  p r e c e d i n g   k n o t ,   and  a  s t r a i g h t   l i n e   b e t w e e n  

s a i d   f i r s t   kno t   and  a  s u c c e e d i n g   k n o t ,   and  the   e x i t  

a n g l e   (  ¢)  of  s a i d   s m o o t h   c o n t i n u o u s   o u t l i n e   a t  

s a i d   f i r s t   kno t   is   s u b s t a n t i a l l y   t h a t   of  t h e  

e n t r a n c e   a n g l e   (  8)  of  s a i d   o u t l i n e   at   s a i d  

p r e c e d i n g   k n o t ,   w i t h   r e s p e c t   to  the  i n t e r k n o t   a n g l e  

(B)  b e t w e e n   s a i d   p r e c e d i n g   k n o t   and  s a i d   f i r s t  

k n o t .  

17.  A  m e t h o d   of  e n c o d i n g   d a t a   on  an  e n c o d a b l e   m e d i u m ,  

r e p r e s e n t i n g   k n o t s   on  an  o u t l i n e   l o o p   d e f i n e d  

r e l a t i v e   to  a  c o o r d i n a t e   p l a n e ,   fo r   p r o d u c i n g   a  

d i s p l a y   image   of  s a i d   o u t l i n e ,   and  d e c o d i n g  



r e s p o n s i v e   to  the  i n t e r r e l a t i o n s h i p   of  s a i d   k n o t s  

on  s a i d   o u t l i n e   l o o p ,   and  i m a g i n g   s a i d   o u t l i n e   l o o p  

w i t h   i m a g i n g   means   r e s p o n s i v e   to  s a i d   d e c o d e d   d a t a ,  

the   m e t h o d   c o m p r i s i n g   the   s t e p s   o f :  

a)  s e l e c t i n g   s e t s   of  c o o r d i n a t e s   on  s a i d   o u t l i n e  

l o o p ,   to  r e p r e s e n t   s a i d   k n o t s ,  

b)  e s t a b l i s h i n g   a  s u c c e s s i v e   o r d e r   of  s a i d   k n o t s ,  

c)  e n c o d i n g   on  an  e n c o d a b l e   m e d i u m ,   s a i d   k n o t s   i n  

a  d a t a   o r d e r   i n d i c a t i v e   of  s a i d   kno t   o r d e r ,  

s a i d   s t e p   c ) ,   of  e n c o d i n g   i n c l u d i n g   the   s t e p  

d ) ,   of  e n c o d i n g   a  c o m p l e t e   i n f o r m a t i o n   s e t   o f  

d a t a   i n d i c a t i v e   of  t he   c o o r d i n a t e   d i s t a n c e s  

and  i n t e r k n o t   a n g l e s   b e t w e e n   a d j a c e n t   k n o t s ,  

e)  c o m p a r i n g   the   r e l a t i v e   p o s i t i o n s   of  s u c c e s s i v e  

k n o t s   to  at  l e a s t   a  f i r s t   i n t e r k n o t   c r i t e r i o n ,  

f)  r e s p o n s i v e   to  s a i d   s t e p   e ) ,   of  c o m p a r i n g ,   i )  

p r o d u c i n g   a  f i r s t   i n d i c a t i o n   t h a t   a  s e t   o f  

s a i d   s u c c e s s i v e   k n o t s   is   w i t h i n   s a i d  

c r i t e r i o n ,   or  i i )   p r o d u c i n g   a  s e c o n d  

i n d i c a t i o n   t h a t   a  s e t   of  s a i d   s u c c e s s i v e   k n o t s  

i s   o u t s i d e   s a i d   c r i t e r i o n ,   a n d  

g)  i)  r e s p o n s i v e   to  s a i d   f i r s t   i n d i c a t i o n ,  

i m a g i n g ,   w i t h   i m a g i n g   m e a n s ,   s a i d   o u t l i n e   l o o p  

in  the   form  of  a  s m o o t h   c o n t i n u o u s   c u r v e ,   o r  

i i )   r e s p o n s i v e   t o . s a i d   s e c o n d   i n d i c a t i o n ,  

i m a g i n g   s a i d   o u t l i n e   l o o p   in  the   form  of  a  

s t r a i g h t   l i n e ,   b e t w e e n   s a i d   s e t   of  s u c c e s s i v e  

k n o t s .  

18.  A  m e t h o d   as  in  c l a i m   17,   w h e r e i n   s a i d   i n t e r k n o t  

c r i t e r i o n   is   a  p r e d e t e r m i n e d   d i s t a n c e   b e t w e e n   s a i d  

k n o t s   or  a  p r e d e t e r m i n e d   i n t e r k n o t   a n g l e   b e t w e e n  



s a i d   k n o t s   and  s a i d   s t e p   f ) ,   i)  of  p r o d u c i n g   s a i d  

f i r s t   i n d i c a t i o n ,   p r o d u c e s   s a i d   f i r s t   i n d i c a t i o n   i n  

r e s p o n s e   to  s a i d   i n t e r k n o t   d i s t a n c e   b e t w e e n   s a i d  

k n o t s ,   or  s a i d   i n t e r k n o t   a n g l e   b e t w e e n   s a i d   k n o t s  

b e i n g   l e s s   t h a n   a  p r e d e t e r m i n e d   i n t e r k n o t   d i s t a n c e  

or  the  i n t e r k n o t   a n g l e   r e s p e c t i v e l y ,   and  s a i d   s t e p  

f ) ,   i i )   of  p r o d u c i n g   s a i d   s e c o n d   i n d i c a t i o n  

p r o d u c e s   s a i d   s e c o n d   i n d i c a t i o n   in  r e s p o n s e   to  t h e  

i n t e r k n o t   d i s t a n c e   or  s a i d   i n t e r k n o t   a n g l e   b e i n g  

g r e a t e r   t h a n   a  p r e d e t e r m i n e d   i n t e r k n o t   d i s t a n c e   o r  

i n t e r k n o t   a n g l e ,   r e s p e c t i v e l y .  

19.  A  m e t h o d   as  in  c l a i m   18,  w h e r e i n   s a i d   s t e p   g ) ,   i )  

i n c l u d e s   t he   s t e p - h ) ,   of   g e n e r a t i n g   a  s e r i e s   o f  

s i g n a l s   r e p r e s e n t i n g   n o d e s   on  a  o u t l i n e   l o o p   c u r v e  

p a r t i a l l y   d e f i n e d   by  a  s e t   of  s e t   s u c c e s s i v e   k n o t s ,  

w i t h   s a i d   k n o t s   d e f i n i n g   the   end  p o i n t s   of  s a i d  

c u r v e   o u t l i n e   l o o p ,   and  e n c o d i n g   s a i d   node  s i g n a l s  

as  d a t a   fo r   use  when  r e p r e s e n t i n g   s a i d   c u r v e  

o u t l i n e   l o o p ,   a n d  

i)  fo r   a  f i r s t   kno t   of  s a i d   s u c c e s s i v e   k n o t s ,  

( Z a ) ,   r e p r e s e n t i n g   a  f i r s t   end  p o i n t   of  s a i d  

c u r v e   o u t l i n e   l o o p ,   d e r i v i n g   a  f i r s t   a n g l e ,  

i n d i c a t i v e   of  t he   a v e r a g e   of  the   i n t e r k n o t  

a n g l e s   b e t w e e n   s a i d   f i r s t   k n o t   (Za)  a n d  

s e l e c t e d   r e l a t e d   k n o t s ,   and  e n c o d i n g   as  d a t a ,  

s i g n a l s   i n d i c a t i v e   of  s a i d   f i r s t   a n g l e ,  

i i )   a t   a  s e c o n d   of  s a i d   s u c c e s s i v e   k n o t s   ( Z b )  ,  

r e p r e s e n t i n g   a  s e c o n d   end  p o i n t   of  s a i d   f i r s t  

c u r v e   o u t l i n e   l o o p ,   e s t a b l i s h i n g   a  s e c o n d  

a n g l e   fo r   s a i d   f i r s t   c u r v e   o u t l i n e   l o o p   a n d  

e n c o d i n g   as  d a t a ,   s i g n a l s   i n d i c a t i v e   of  s a i d  

s e c o n d   a n g l e ,  



i i i )   c o m p i l i n g   d a t a   in  a  c o m p i l e r   a c c o r d i n g   to  a  

c u b i c   p a r a m e t r i c   p o l y n o m i a l   r e l a t i o n s h i p  

b e t w e e n   a  p a r a m e t e r   " t " ,   s a i d   k n o t s   and  a n g l e s  

at  s a i d   end  p o i n t s   of  a  s a i d   c u r v e   s e g m e n t   a n d  

the   l o c u s   of  a  s a i d   c u r v e   s e g m e n t ,  

iv)  m a i n t a i n i n g   p a r a m e t e r   " t "   w i t h i n   a  r a n g e   "R"  

of  v a l u e s   for   s a i d   p a r a m e t e r   " t " ,  

v)  a p p l y i n g   s a i d   s i g n a l s   i n d i c a t i v e   of  s a i d  

l o c a t i o n s   of  s a i d   f i r s t   and  s e c o n d   k n o t s   o f  

s a i d   f i r s t   c u r v e   o u t l i n e   l o o p ,   to  s a i d  

c o m p i l e r ,  

v i )   a p p l y i n g   s a i d   s i g n a l s   i n d i c a t i v e   of  the   s a i d  

f i r s t   and  s e c o n d   a n g l e s   of  s a i d   f i r s t   c u r v e  

o u t l i n e   l o o p   to  s a i d   c o m p i l e r ,  

v i i )   a p p l y i n g   a  s i g n a l   i n d i c a t i v e   of  a  d i s t i n c t  

s e l e c t e d   v a l u e   of  s a i d   p a r a m e t e r   " t "   w i t h i n  

s a i d   r a n g e   "R" ,   to  s a i d   c o m p i l e r   to  d e r i v e   a  

s i g n a l   i n d i c a t i v e   of  a  r e s p e c t i v e   n o d e  

l o c a t i o n   on  s a i d   f i r s t   c u r v e   o u t l i n e   l o o p ,  

v i i i )   r e p e a t i n g   s t e p   vi)   by  a p p l y i n g   s i g n a l s  

i n d i c a t i v e   of  a d d i t i o n a l   d i s t i n c t   s e l e c t e d  

v a l u e s   of  s a i d   p a r a m e t e r   " t " ,   w i t h i n   s a i d  

r a n g e   "R" ,   to  d e r i v e   a  p l u r a l i t y   of  s i g n a l s  

i n d i c a t i v e   of  r e s p e c t i v e   node  l o c a t i o n s   o n  

s a i d   l o c u s   of  s a i d   f i r s t   c u r v e   s e g m e n t   f o r  

r e s p e c t i v e   d i s t i n c t   s e l e c t e d   v a l u e s   of  s a i d  

p a r a m e t e r   " t " ,   a n d  

ix)  e n c o d i n g   s a i d   s i g n a l s   d e r i v e d   in  s t e p   v i i ) ,  

and  v i i i ) ,   in  a  d a t a   b a s e   to  r e p r e s e n t   s a i d  

f i r s t   c u r v e   s e g m e n t .  

20.  A  m e t h o d   as  in  c l a i m   19,   i n c l u d i n g   the  s t e p   i ) ,   o f  

r e p e a t i n g   s t e p s   h ) ,   i)  t h r o u g h   h ) ,   ix)  fo r   at  l e a s t  



a  s e c o n d   c u r v e   o u t l i n e   l o o p .  

21.  A  m e t h o d   as  in  c l a i m   19,  w h e r e i n   s a i d   c o m p i l e r   i s  

in  the  H e r m i t e   f o r m .  

22.  A  m e t h o d   as  in  c l a i m   19,  w h e r e i n   s t e p   h ) ,   i)  a n d  

h ) ,   i i )   i n c l u d e s   the   s t e p   h)  xi)   of  r e f e r e n c i n g  

s a i d   f i r s t   and  s e c o n d   a n g l e s   of  s a i d   f i r s t   c u r v e  

s e g m e n t ,   to  a  f i r s t   of  s a i d   i n t e r k n o t   a n g l e s  

b e t w e e n   s a i d   s e c o n d   k n o t   ( Z b ) ,   and  s a i d   f i r s t   k n o t  

( Z a ) .  
23.   A  m e t h o d   as  in  c l a i m   18,  w h e r e i n   s a i d   s t e p   g ) ,   i i )  

i n c l u d e s   t he   s t e p   1)  of  l i n e a r   i n t e r p o l a t i o n   o f  

c o o r d i n a t e   p o i n t s   b e t w e e n   s a i d   s u c c e s s i v e   k n o t s   t o  

p r o d u c e   c o o r d i n a t e s   on  a  s t r a i g h t   l i n e   o u t l i n e ,   a n d  

whe re   s a i d   c o o r d i n a t e s   a re   l o c a t e d   on  a  c o o r d i n a t e  

s y s t e m   h a v i n g   a  f i r s t   c o o r d i n a t e   d i r e c t i o n   a n d  

s e c o n d   c o o r d i n a t e   d i r e c t i o n ,   and  e n c o d e d   in  a  

m a c h i n e ,   r e a d a b l e   d a t a   words   of  a  r a d i x   " r " ,  

c o r r e s p o n d i n g   to  the  o r d e r   and  v a l u e   of  d e s i g n a t e d  

p o s i t i o n s   in  s a i d   d a t a   w o r d s ,   c o m p r i s i n g   the   s t e p s  

o f :  

i)  e n c o d i n g   a  f i r s t   d a t a   word  of  "N"  p o s i t i o n s  

c o r r e s p o n d i n g   to  t he   d i s t a n c e   b e t w e e n   t h e  

f i r s t   and  s e c o n d   s u c c e s s i v e   k n o t s   in  s a i d  

f i r s t   c o o r d i n a t e   d i r e c t i o n   and  p l a c i n g   s a i d  

f i r s t   d a t a   word  i n t o   a  f i r s t   m a c h i n e   l o c a t i o n ,  

i i )   e n c o d i n g   a  s e c o n d   d a t a   word  of  "M"  b i t s  

c o r r e s p o n d i n g   to  the   d i s t a n c e   b e t w e e n   s a i d  

f i r s t   and  s e c o n d   s u c c e s s i v e   k n o t s   in  s a i d  

s e c o n d   c o o r d i n a t e   d i r e c t i o n   and  p l a c i n g   s a i d  

s e c o n d   d a t a   word  i n t o   a  s e c o n d   m a c h i n e  

l o c a t i o n ,  

i i i )   d e t e r m i n i n g   the   number   of  a v a i l a b l e   p o s i t i o n s ,  



b e t w e e n   the   most   s i g n i f i c a n t   p o s i t i o n   of  s a i d  

f i r s t   d a t a   word  and  the   most   s i g n i f i c a n t  

p o s i t i o n   of  s a i d   f i r s t   m a c h i n e   l o c a t i o n ,  

a v a i l a b l e   for   s h i f t i n g   s a i d   f i r s t   d a t a   word  i n  

a  f i r s t   d i r e c t i o n   of  t he   most   s i g n i f i c a n t  

p o s i t i o n s   of  s a i d   f i r s t   m a c h i n e   l o c a t i o n ,  

iv)  s h i f t i n g   s a i d   f i r s t   d a t a   word  by  a  m a x i m u m  

number   of  p o s i t i o n s ,   e q u a l   to  t he   s a i d   n u m b e r  

of  a v a i l a b l e   p o s i t i o n s   in  s a i d   f i r s t   d i r e c t i o n  

and  the   number   of  p o s i t i o n s   c o r r e s p o n d i n g   t o  

the   number   of  s i g n i f i c a n t   p o s i t i o n s   used   t o  

e n c o d e   s a i d   s e c o n d   d a t a   w o r d ,   and  i n c r e a s i n g  

the   s c a l e   of  s a i d   f i r s t   d a t a   word  by  a  s c a l e  

f a c t o r   r e l a t e d   to  the   number   of  s a i d   p o s i t i o n s  

s h i f t e d ,  

v)  d e r i v i n g   a  t h i r d   d a t a   word  i n d i c a t i v e   of  s a i d  

s e c o n d   d a t a   word  in  s a i d   s e c o n d   m a c h i n e  

l o c a t i o n   d i v i d e d   i n t o   s a i d   f i r s t   d a t a   w o r d  

s h i f t e d   a c c o r d i n g   to  s t e p   d )  ,  

v i )   e n c o d i n g   d a t a   words   i n d i c a t i v e   of  t h e  

c o o r d i n a t e   of  s a i d   s t r a i g h t   l i n e   in  s a i d  

s e c o n d   c o o r d i n a t e   d i r e c t i o n ,  

v i i )   for   r e s p e c t i v e   o n e s   of  s a i d   d a t a   words   e n c o d e d  

a c c o r d i n g   to  s t e p   f ) ,   e n c o d i n g   m u l t i p l e s   o f  

s a i d   t h i r d   d a t a   w o r d ,   wh ich   a re   r e l a t e d   to  a  

r e s p e c t i v e   c o o r d i n a t e   in  s a i d   f i r s t   f i r s t  

c o o r d i n a t e   d i r e c t i o n ,   on  s a i d   s t r a i g h t   l i n e ,  

v i i i )   r e d u c i n g   the  s c a l e   of  s a i d   m u l t i p l e s   of  s a i d  

t h i r d   d a t a   words   p r o d u c e d   in  s t e p   v i ) ,   to  t h e  

s c a l e   of  the   f i r s t   d a t a   word  of  s t e p   i ) ,   p r i o r  

to  s a i d   s h i f t i n g   of  s t e p   i v ) ,  

ix)   e n c o d i n g   s a i d   t h i r d   d a t a   words   p r o d u c e d   i n  

s t e p   v i i i ) ,   w i t h   r e s p e c t i v e   c o o r d i n a t e s   i n  



s a i d   s e c o n d   c o o r d i n a t e   d i r e c t i o n   to  p r o d u c e  
s a i d   c o o r d i n a t e s   on  s a i d   s t r a i g h t   l i n e .  

24.  A  m e t h o d   as  in  c l a i m   23,  w h e r e i n   s a i d   s t e p ,   v i i i ) ,  

of  r e d u c i n g   the   s c a l e   i n c l u d e s   the   s t e p ,   x)  o f  

t r u n c a t i n g   s a i d   d a t a   words   of  s t e p   v i i ) .  

25.  A  m e t h o d   as  in  c l a i m   2 3  ,   w h e r e i n   s a i d   s t e p ,   v i i i ) ,  

of  r e d u c i n g   the   s c a l e ,   i n c l u d e s   t he   s t e p   x i ) ,   o f  

r o u n d i n g   s a i d   d a t a   words   of  s t e p   v i i ) .  

26.  A  m e t h o d   as  in  c l a i m   24,  w h r e i n   s a i d   s t e p   x ) ,   o f  

t r u n c a t i n g ,   i n c l u d e s   the   s t e p   x i i ) ,   of  s h i f t i n g  

s a i d   d a t a   words   of  s t e p   v i i ) ,   by  t he   number   o f  

p o s i t i o n s   s h i f t e d   in  s t e p   i v ) .  

27.  A  m e t h o d   as  in  c l a i m   25,  w h e r e i n   s a i d   s t e p   x i ) ,  

i n c l u d e s   the   s t e p   x i i i ) ,   of  s h i f t i n g   s a i d   d a t a  

w o r d s   of  s t e p   v i i ) ,   by  the   number   of  p o s i t i o n s  

s h i f t e d   in  s t e p   i v ) ,   l e s s   one  p o s i t i o n ,   to  r e d u c e  

the   s c a l e   of  s a i d   w o r d s ,   and  a d d i n g   a  d a t a   w o r d  

c o r r e s p o n d i n g   to  a  r o u n d i n g   v a l u e ,   to  s a i d  

r e s p e c t i v e   d a t a   w o r d s ,   and  s h i f t i n g   s a i d   r e s p e c t i v e  

d a t a   words   an  a d d i t i o n a l   p o s i t i o n   to  r o u n d   s a i d  

d a t a   words   to  the   s c a l e   of  t he   f i r s t   d a t a   word  o f  

s t e p   i ) ,   p r i o r   to  s a i d   s h i f t i n g   of  s t e p   i v ) .  
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