










































PROGRAM B ; 
Input : 

- A l is t  of  the N v� r ti ce s  o f  polygons  P0 • • •  Px 
r epresent i ng a r eg i o n  R { vl i s t ) . 

- Th e l is t s  o f  r anks , c l a s s e s  and type s o utput by 
PROGRAM A .  

Output : Two l i s t s  o f  ve r t ice s  de f in i ng the  l ef t  and  r igh t 
r o ut e s  of  a pmp ( l e f t r  and r igh t r  r espe c tively ) .  

Stor age : 
- Two l is t s ,  one conta i ni n g  al l type-1 p i t s  i n  a s cendi ng 

o rde r of  ranks  ( pl is t ) and the  other  containing al l 
type- 2 pi t s  i n  a s ce nding o rde r o f  ranks  ( q l i s t ) . 

- A l is t  o f  al l type-2 pea k s  ( r l i s t ) , a s  wel l  as  a l i s t  of  
ma rke r s  a s soci ated w ith eve ry type-2 peak  ( ma r k ( . ) ) .  

- A s tack  w i th po tent i al max imum s i z e s equal to  the  
total  n umbe r of  type-2 pi ts  i n  R ,  whe r e  the stack  i s  
empty ini t i al ly ( vstack ) . 

- Two tempo r a ry var i abl e s  ( Cu r l  and C u r r )  r epresent ing  
ve r t i ce s . cur r ently unde r consi de r at ion . 

Funct i ons : 
- MINI ( a , b )  � r e tu r n s  the  l owe r o f  two ve r t i c e s  [ a ]  and [ b ] . 
- PRED ( . ) , SPCC ( . )  and CNODE ( • . • ) a s  i n  PROGRAM A .  
- TYPE2 PEAK ( x ) , t r ue i f  ver tex  [ x ]  i s  a type-2 pea k . 
- INLIST ( l i st , po int ) , t rue i f  ve r te x  [ po int ] i s  i n  [ l i s t ] . 

Proced u r e s  : 
- PROCEDURE ADDL IST ( l i s t , po int ) ; 

BEGIN  

\ code to add [ po int ] at  the end  of  [ l i s t ]  \ 
ENDPROCEDURE ; 

- PROCEDURE CUTTOLEFT ; 

B EG IN 

( *  Cut to  the l E f t  edge to  ext r act  a pmp * )  
CNODE ( PRED ( Cu r l ) , C u r l , Mi n ,  New ) ; 
ADDL IST { l e f t r , � ew ) ; 

m a r k ( Mi n ) : New ; 
ENDPROCEDURE ; 

( *  As s o c i a te Mi n w i th New * )  



- PROCEDURE CUTTORIGHT ; ( *  Cut to the r ight edge * )  
BEG IN 

CNODE ( SUCC ( Cu r r ) , C u r r ,  Min ,  New ) ; 
ADDL I ST ( r ight r , New ) ; mar k ( M i n )  : = New ; 

ENDPROCEDURE ; 
- PROCEDURE INSINUATE ( x ) ; 

BEGIN  
\ code to  check  i f  ins i n ua t i o n  o c c u r s  ( see f igure  7 )  

Al l el ement s i n  q l i s t  w i th ranks  smal l e r  than x is 
po s s ible  ins inua t i o n  po int s \ 

IF \ i ns i nua t i o n  o c c u r s \ THEN 
\ co de to r emove the ins inua t ion  po int ( Inpnt ) f r om 

q l is t  a s  a type- 2 pi t can ' i nsi nua te ' only once \ 
CNODE ( PRED ( Cu r l ) , Cur l , Inpnt , New ) ; 
ADDL IST ( le f t r , New ) ; ADDL I ST ( le f t r , Inpnt ) ; 
\ code to  push New and I npnt onto vstack  \ 
C u r l  : =  SUCC ( I npnt ) ;  

ELSE 
IF f l ag TH EN Cur l : = SUCC ( Cu r l )  
EL SE Cur r : = PRED ( Cu r r ) ; 
ENDIF ; 

ENDIF ; 
ENDPROCEDURE ; 

POINT INSINUATES 

F i gu r e  7 : An ins inuation  o f  a type- 2 pi t o ccur E i 
i f  the v e r te x  l i e s  w i thin  the  col o u r ed a r ea 
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- PROCEDURE XTRACT ; 
BEG IN 

LOOP 

Min  : = MINI ( Cu r l , C u r r ) ; 
IF  Cu r l = Min  THEN'  

flag  : = t r ue ; ADDL I ST ( lef-t r , Min ) ; 
EL SE · 

flag : = fal s e ; ADDL I S T ( r igh t r , Min ) ; 
ENDI F ; 
I F  .TYPE2 ;J?EAK ( Mi n )  THEN 

IF INL I ST ( r l is t ,  Mi n )  THEN 
\ code to r emove Min  f r om rl i s t  \ 
I F  f l ag THEN CUTTORIGHT ; 
EL SE CUTTOLEFT ENDIF ;  
EXITLOOP ; 

ELSE ( *  Pea k  has  al ready been  used t o  cut  f rom * )  
New : = mark ( Mi n ) ; 
I F  f lag THEN 

ADDL I ST ( l e f t r , New ) ; 
ELSE  

ADDL I ST ( r ight r , New ) ; 
ENDIF ; 

ENDIF ; 

Curl  : = SUCC ( New ) ;  

Cu r r  : = PRED ( New ) ; 

EL SE ( *  Min  i s  no t a type-2 peak * ) 
I F  CuF l = Cur r THEN EXITLOOP 
EL SE INSINUATE ( r ank ( Mi n ) ) ENDIF ; 

ENDIF ; 

ENDLOOP ; 
ENDPROCEDURE ; 

Pro g r am blo c k  ( Exe cute  f o r  eve ry pmp t o  be ext r acted ) 
B EGIN  

IF NOT empty ( pl is c )  TH EN 
l e f t r  : = r igh t r  : = empty ; 
Cu r l  : = SUCC ( pl i s t ( l ) ) ;  C u r r : = PRED ( PL IST ( l ) ) ;  
ADDL IS T ( l e f t r , pl is t ( l ) ) ;  ADDL I S T ( r i gh t r , pl i st ( l ) ) ;  
\ code to  r emove the  f i r st  e l ement f rom pl i s t  \ 
XTRACT ; 

ELSIF  NOT empty ( v s tack ) THEN 

\ co de to po p ins inua t ion  v e r tex  Inpn t  and po int New \ 
Cu rl  : = SUCC ( New ) ; Cur r : = PRED ( I npnt ) ;  XTRACT ; 

ENDIF ; 
ENDPROGRAM ; 



POL YGON SHADI NG 

The ps e u do-mo no t o ne polygons a r e  shaded i n  way very s im il ar to the  
t e chn iq ue used  in  [ B r a s 7 9 , C r om8 4 ]  fo r shad i n g  t r apez o id s  o r  
t r i angl e s . Th e l e f t  and r i gh t  ro utes  t h a t  have be e n  i n t r oduced i n  
t h e  d i s cu s s i o n  abov e a r e  used a s  l e f t  a nd r i gh t shading l imits . 
I n s t e ad o f  in t e r s e ct ing each shad i ng l in e  w i th these  l im i t s  t o  
de te rm in e  t h e  shad i ng l in e  e nd po i nt s ,  a n  i n cr em ental 
d i s pl acement a l o ng each shad i n g  e d ge is cal c ul a ted . 

As s ume  that  a pa r t  f rom be i n g  pa r al l el to t h e  x-axi s , al l shad i n g  
l in e s  a r e  al s o  pl a c e d  o n  i n t e ge r y- ax i s  val ue s .  ( I f thi s  i s  no t 
t r ue ,  al l ve r t i ce s  o f  pol ygo ns  P0 • • •  Px can  a lway s be s ca l ed 
a c co r d i n gly ) . Co n s i de r the l e f t  r o ut e  of  a hypo t h e t i cal  pmp a s  
i l l u s t r a ted i n  f ig u r e  8 a .  Le t L i deno t e  l ef t  end po i n t s  o f  shad i ng 
l in e s . Then by cal c ul a t i n g  x ( L

1 ) a Qd y ( L1 } o nce f o r  each shad i ng 
l im i t ,  w i th r epea ted add i t i o n s  o f  ax a n d  dy , 

X ( L2 ) - X ( L1 ) 

= y ( L2 ) y ( L1 ) = 1 ( f rom the  a s s umpt i on ) , 

i t  i s  s impl e and f a s t  t o  de te rm ine  · he o t h e r  val u e s  o f  L i L e t  
DX=x ( B ) - x ( A ) a n d DY=y ( B ) -y ( A ) , then  

and 

y ( L1 ) = CE IL ING ( y ( A ) ) 
x ( L1 ) = x ( A )  + ( y ( L1 ) - y ( A ) ) *D: /DY 

IC = DX/DY 

r = I .  
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Hence , the shadi ng 1 ine end po int s a r e  : 

x ( L i ) = x ( L i-l )  + dx 
y ( Li ) = y ( L i-1 )  + 1 ,  

fo r i = 2 . • •  COUNT ,  whe r e  
COUNT = FLOOR ( y ( B ) ) - CE IL ING ( y ( A ) ) + 1 

A s im i l a r  approach i s  taken  to  dete rm ine po s i t ions  o n  a concept ual  
shad :j. ng 1 ine  fo r the pl acement o f  do t s  or  symbol s [ Sche8 6 a ] • Us ing 
the pa r amete r s  i l l us t r ated in  f ig u r e  8 b  ( de ns i ty , inde nta t i on and 
dis tance be twe en consecut ive  shad ing  l ines ) , it is po s sibl e to  
constr uct many d i f f e r ent do t and symbol pa tter ns ( s ee  f ig ur es  9 
and 1 0 ) . 

• • 
DOTS OR SYMBOLS 

DENSITY C. 
_ .... _ ... ____  -.- -

- + - ... - ._ _._ ---- -
I I 

- + + ... _ .... _.,_ -&-- -

I I 
I

t 
I 

INDENTATION 

F i g u r e  8 : ( a )  De te rm in i ng shad i ng l ine end  po i n t s  
( b )  Pa r amete r s  to  co nt r ol t h e  shad i n g  us i ng 

do t s  o r  symbol s  
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IMPLEMENTATION 

The shad ing  techniq ue de s cr ibed above has been impl emented on a 
PERKIN- ELMER ( 3 2 0 0 - s e r i e s ) mini- compute r i n  a local ly developed 
procedur al l anguage cal l ed  SCRAP . Us ing  s t o r age management 
faci l i t i es , it was po s s i bl e  to  pr ov ide f o r  r eg i ons w i th any n umbe r 
of i s l a nds and any n umb e r  of  ver t ices  ( only rest r i cted by the 
s to r age ava i l abl e ) . Th i s  fac i l i ty is r eq u i r ed in  a ca r togr aphi c  
sy s tem cu r r ently be ing  devel oped w he r e  ge og r aph i cal  regions  o f te n  
conta in  a l a rge  numbe r o f  i s l ands , and t h e  total  numbe r o f  
ve r t i ce s  de s c r i b i ng a r eg ion  can be i n  the  o r de r  of  tho usands . 

The pr o ced u r e  f i r st  e l im ina tes  dupl ica te  ve r t i ce s  o n  the  
bo unda r ie s  o f  polygons  r ep r e sent i ng the  r eg i o n ,  and  then 
pr o ce s s e s  the  i s l and bo unda r i e s  by reorde r ing them in an o ppo s i te 
di r e c t i o n  to  the o r de r  of  the outl ine bo unda ry . Depending on  the  
r eq ui red pa r amete r s  fo r shad i ng , whethe r  for  shad ing l ines o r  do t 
pa tte r n s , the bo unda ry ve r t i ce s  a r e  s ca l ed and rota ted so  that 
conceptua l  shad i ng l ine segment s a r e  always ho r i z ontal and fal l 
on  in tege r y- coo rdina te s . Fo l low ing t h i s , the  in i t i al i z a t ion 
phase  r eq ui res  a s ingl e O ( n LOG n )  so r t  on y- coo rdinates . These  
s o r ted coo rdina tes  a r e used  t o  cl a s s i fy pea k , pi t and 
non- c r i t i cal ve r t i ce s  of al l polygons  i n  an  o rde r O ( n )  process . 

The r eg i o n  t o  be shade d i s  then pa r t i ti oned into  pse udo-monotone 
polygo ns  that can be shaded in 1 inea r time . Note  that in the  above 
d i s cuss i o n ,  no r ef e r ence has bE en made to the  fact  that shading 
l ine segment s should  be rota ted and s caled  bac k  to  the o r ig inal 
coo r d inate  sy s t em . Th i s  is  no t ne ce s s a ry a s  the  shad ing l ine end 
po int s  can  be cal c ul a t 2d d i rectly in  the  o r i g i nal coo rdina te 
system ( s e e  [ S che8 6 a ] ) .  

Compa r ing  th is  techniq ue w ith the B r a s sel-Fegeas  al go r i thm , i t  i s  
obv ious that  the pmp pa r t i t i oning  al go r i thm i s  mo r e  effective . 

Apa r t  f rom only r eq u i r i ag  a s ingl e so r t  ( a s appo sed to  two so r ts 
in  the  Brassel-Fe gea s ::1.l go r ithrn ) , th i s  al go r i thm pa r t i t i ons a 

r egio n into  

N ( pmp ' s )  = N ( type- : �  pits  and  pea k s ) + l - N ( i s l ands ) . 
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The B r assel-Fegeas al go r i thm on the other  hand , pa r t i t i ons the 
same r egion  into  N t r apez o ids , whe r e  

N ( t r apezo ids ) = N ( ve r t i ce s ) - l + N ( i s l ands ) ,  

The r eduction  in  the n umbe r of  s ubpa r ts that  a pa r t i t i oning 
process  r eq u i res  fo rms the  s t r enght of  the new al go r i thm as  the 
numbe r of  s ubpa r ts may be conside r ed a s  an over head of the 
algo r i thm ( see [ Lee8 l ]  ) • 

Fur the rmo r e ,  the B r as sel-Fegeas  a l go r i thm use s  al l o utl ine 
ve r ti ce s  to  �est fo r i n s i n ua t io n ,  mak ing  i t  a v e ry time i ntensive 
pr o ce s s . In  the pr esent al go r i thm ;  which uses  the  cl a s s i f ica tions  
o f  ve r t i ce s ,  the te s t  for  i n s i n uation  i s  h i ghly opt im i z ed a s  the  
ve r ti ce s  to  be  cons ide red each t ime are  l im ited . 

CROSS- SECTIONS 

SOLIDS 

F i g u r e 9 Exampl e : ' o f  di ffer ent do t pa tte r n  shad i ng 

I  
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Fi g u r e  1 0 a : Exampl e s  of  r e s ul t s  obtained w i th the pmp 
pa r t i tioning al go r i thm 
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F i g u r e 1 0b : Exampl e s  of  res ul t s obta i ned w i th the pmp 

par t i t ioning al gor i thm 
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. CONCL UDI NG REMARKS 

An e f f ici ent techniq ue for  shadi ng r e g i ons  o n  vect o r  type .dev ices  
h as been pr esented . Th i s  a l go r i thm uses  the  topol ogy of  the r eg ion  
to  pa r t i tion  i t  into  l e s s  compl ex  s ubpa r t s  that  are  then  shaded by 
means o f  a fast  pr o cedur e .  

Us ing shad ing  pa r amete r s ,  many d i f f e r ent r egular  shad ing patterns  
may be  const r u cted , mak i ng this  t e chnique  ve ry usef ul in a numbe r 
of di f fe r ent compute r g r aph i c s  appl ica t ions . Al tho ugh the 
algo r i thm has  been de s i gned spe c i f ical ly fo r vecto r type dev ice s , 
i t  can a l s o  be used fo r shad ing o n  r aste r type dev ices , whe r e  

shading  1 ine s may be  v iewe d  a s  s can  1 ines . 
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