
chapter 41

those way-down polygon nomenclature blues



atter when You Conceptualize 
a Data Struhre 
After I wrote the co  ns in Dr: DobbkJoumaZ that became Chapters 38-40, 

e to take me to task-and a well-deserved  kick in 
my use of non-standard polygon terminology in 
tem (XWS) defines three categories of  polygons: 
hese three categories, each  a specialized subset 

identally map  quite nicely to three increas- 
herefore,  I used the XWS names to describe 

n with each of the polygon filling techniques. 
’t accurately describe all the sorts of  polygons 

that  the  techniques  are capable of drawing. Convex  polygons are those for which no 
interior angle is greater  than 180 degrees. The “convex” drawing approach described 
in the previous few chapters actually handles  a  number of polygons that  are not 
convex; in fact, it can draw  any  polygon through which no horizontal line can be 
drawn that intersects the boundary  more  than twice. (In  other words, the  boundary 
reverses the Y direction exactly  twice, disregarding polygons that have degenerated 
into horizontal lines, which  I’m going to ignore.) 
Bill  was kind enough to send me the pages out of Computational Geometry, An Introduc- 
tion (Springer-Verlag, 1988) that describe the  correct terminology; such polygons 
are,  in fact, “monotone with respect to a vertical line” (which unfortunately makes a 
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rather  long #define variable). Actually,  to be  a tad more precise, I’d call them  “mono- 
tone with respect  to a  vertical line  and  simple,”  where  “simple”  means  “not 
self-intersecting.” Similarly, the polygon  type I called “nonconvex” is  actually “simple,” 
and I suppose what I called “complex”  should be referred to as “nonsimple,” or 
maybe just  “none of the above.” 

This  may  seem  like nit-picking, but actually, it  isn ’t; what it’s really about  is  the p tremendous importance of having a shared language. In one of his books, Richard 
Feynman describes having developed his  own  mathematical framework, complete 
with his  own notation and terminolom, in high school. When  he got to college and 
started working with other people who were at his level, he suddenly understood 
that people can’t  share ideas effectively unless  they speak the same language; 
otherwise, they waste a great deal of time on misunderstandings  and explanation. 

Or, as Bill Huber  put it, ‘You are  free to adopt your own terminology when it suits 
your purposes well. But you  risk losing or confusing those who could  be  among your 
most astute readers-those who already have been  trained in the same or a  related 
field.” Ditto. Likewise. D’uccord. And mea tuba; I shall endeavor to watch my lan- 
guage in  the  future. 

Nomenclature in Action 
Just to show  you  how much difference proper description and  interchange of ideas 
can make, consider the case  of identifylng convex  polygons. When I was writing 
about polygons in my column in DDJ a  nonfunctional  method  for identifylng such 
polygons-checking for exactly two X direction  changes and two Y direction changes 
around  the  perimeter of the polygon-crept into  the column by accident. That 
method, as I noted  in  a  later  column,  does  not work. (That’s why you won’t find  it in 
this book.) Still, a fast method of checking for convex  polygons  would be highly 
desirable, because such polygons can be drawn  with the fast code  from  Chapter 39, 
rather  than  the relatively slow, general-purpose  code  from  Chapter 40. 
Now consider Bill’s point  that we’re not limited to drawing convex  polygons in our 
“convex fill” code,  but can actually handle any simple polygon that’s monotone with 
respect to avertical line. Additionally, consider  Anton Treuenfels’s point, made back 
in Chapter 40, that life gets simpler if  we stop worrying about which edge of a poly- 
gon is the left edge and which is the  right, and instead just scan out each raster line 
starting at whichever edge is  left-most. Now, what do we have? 
What we have  is an  approach passed along by Jim Kent, of Autodesk Animator fame. 
If  we modify the low-level code to check which edge is  left-most on each scan line 
and start drawing there, as just described, then we can handle any  polygon  that’s 
monotone with respect to a vertical line regardless of whether  the edges cross. (I’ll 
call this “monotone-vertical” from now on; if anyone wants  to correct  that terminol- 
ogy, jump right  in.)  In other words, we can then  handle  nonsimple polygons that  are 
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monotone-vertical; self-intersection is no longer  a  problem. We just scan around the 
polygon's perimeter  looking  for exactly two direction reversals along the Y axis only, 
and if that proves  to be the case, we can handle  the polygon at  high  speed. Figure 
41.1 shows  polygons that can be drawn by a monotone-vertical capable filler; Figure 
41.2 shows some that  cannot. Listing 41.1 shows code  to test whether  a polygon is 
appropriately  monotone. 

LISTING 41.1 L41-1.C 
/*  Re tu rns  1 i f  p o l y g o n   d e s c r i b e d   b y   p a s s e d - i n   v e r t e x   l i s t   i s   m o n o t o n e   w i t h  
r e s p e c t   t o  a v e r t i c a l   l i n e ,  0 o t h e r w i s e .   D o e s n ' t   m a t t e r  i f  po lygon  i s   s i m p l e  
( n o n - s e l f - i n t e r s e c t i n g )   o r   n o t .   T e s t e d   w i t h   B o r l a n d  C++ i n   s m a l l   m o d e l .  * /  

#i ncl   ude  "po lygon.  h" 

# d e f i n e  SIGNUM(a1 ( ( a > O ) ? l : ( ( a < O ) ? - l : O ) )  

i n t  PolygonIsMonotoneVertical(struct P o i n t L i s t H e a d e r  * V e r t e x L i s t )  

i n t  i, Length ,   De l taYSign .   Prev iousDel taYSign :  
i n t  NumYReversals - 0: 
s t r u c t   P o i n t   * V e r t e x P t r  - V e r t e x L i s t - > P o i n t P t r :  

/ *  T h r e e   o r   f e w e r   p o i n t s   c a n ' t  make a n o n - v e r t i c a l - m o n o t o n e   p o l y g o n  */  
i f  ((Length-VertexList->Length) < 4 )  r e t u r n ( 1 ) :  

/ *  Scan t o   t h e   f i r s t   n o n - h o r i z o n t a l  edge * I  
Prev iousDe l taYS ign  - SIGNUM(VertexPtr[Length-1l.Y - VertexPtrCO1.Y): 
i - 0: 
w h i l e   ( ( P r e v i o u s D e l t a Y S i g n  - 0 )  && (i < ( L e n g t h - 1 ) ) )  I 

Prev iousDe l taYS ign  - SIGNUM(VertexPtrCi1.Y - V e r t e x P t r [ i + l l . Y ) ;  
i++: 

1 

i f  

I*  

do 

(i - ( L e n g t h - 1 ) )   r e t u r n ( 1 ) :  / *  p o l y g o n   i s  a f l a t   l i n e  */  

Now coun t  Y r e v e r s a l s .   M i g h t   m i s s   o n e   r e v e r s a l ,   a t   t h e   l a s t   v e r t e x ,   b u t  
b e c a u s e   r e v e r s a l   c o u n t s   m u s t   b e   e v e n ,   b e i n g   o f f   b y   o n e   i s n ' t  a problem */  
I 
i f  ( (De l taYS ign  - SIGNUM(VertexPtrCi1.Y - V e r t e x P t r C i + l ] . Y ) )  

!- 0 )  I 

/*  Swi tched Y d i r e c t i o n :   n o t   v e r t i c a l - m o n o t o n e  i f  
r e v e r s e d  Y d i r e c t i o n  as many a s  t h r e e   t i m e s  * I  

i f  ( t tNumYReversals  > 2 )  r e t u r n ( 0 ) :  
P rev iousDe l taYS ign  - De l taYS ign :  

i f  (De l taYS ign  !- Prev iousDe l taYS ign )  [ 

1 
1 

) w h i l e  (i++ < ( L e n g t h - 1 ) ) :  
r e t u r n ( 1 ) :  / *  i t ' s  a v e r t i c a l - m o n o t o n e   p o l y g o n  * /  

1 

Listings 41.2 and 41.3 are variants of the fast  convex  polygon  fill code  from  Chapter 
39, modified to be able to handle all  monotone-vertical  polygons, including  nonsimple 
ones;  the  edge-scanning  code (Listing 39.4 from  Chapter 39) remains  the same, and 
so is not shown again here. 
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Sample  monotone-vertical  polygons 

Monotone-vertical polygons. 
Figure 41.1 

Sample  nonmonotone-vertical  polygons 

Non-monotone-vertical polygons. 
Figure 4 1.2 

LISTING 41.2  L41-2.C 
/*  C o l o r - f i l l s  a convex  po lygon.  All v e r t i c e s   a r e   o f f s e t   b y   ( X O f f s e t .   Y O f f s e t ) .  
"Convex" means "monotone w i t h   r e s p e c t   t o  a v e r t i c a l   l i n e " :   t h a t   i s ,   e v e r y  
h o r i z o n t a l   l i n e   d r a w n   t h r o u g h   t h e   p o l y g o n  a t  any p o i n t   w o u l d   c r o s s   e x a c t l y   t w o  
a c t i v e   e d g e s   ( n e i t h e r   h o r i z o n t a l   l i n e s   n o r   z e r o - l e n g t h   e d g e s   c o u n t   a s   a c t i v e  
edges:   bo th   a re   acceptab le   anywhere  i n   t h e   p o l y g o n ) .   R i g h t  & l e f t  edges may 
c ross   (po l ygons  may b e   n o n s i m p l e ) .   P o l y g o n s   t h a t   a r e   n o t   c o n v e x   a c c o r d i n g   t o  
t h i s   d e f i n i t i o n   w o n ' t  be  drawn  proper ly.   (Yes.  "convex" i s  a l o u s y  name f o r  
t h i s   t y p e   o f   p o l y g o n ,   b u t   i t ' s   c o n v e n i e n t :   u s e   " m o n o t o n e - v e r t i c a l "  i f  i t  makes 
you   happ ie r ! )  

NOTE: t h e   l o w - l e v e l   d r a w i n g   r o u t i n e ,   D r a w H o r i z o n t a l L i n e L i s t .   m u s t   b e   a b l e   t o  
reve rse   t he   edges ,  i f  n e c e s s a r y   t o  make t h e   c o r r e c t   e d g e   l e f t  edge. It must 
a l s o   e x p e c t   r i g h t   e d g e   t o  be s p e c i f i e d   i n  +1 f o r m a t   ( t h e  X c o o r d i n a t e   i s  1 p a s t  
h i g h e s t   c o o r d i n a t e   t o   d r a w ) .   I n   b o t h   r e s p e c t s ,   t h i s   d i f f e r s   f r o m   l o w - l e v e l  
d r a w i n g   r o u t i n e s   p r e s e n t e d   i n   e a r l i e r   c o l u m n s :   c h a n g e s   a r e   n e c e s s a r y   t o  make i t  
p o s s i b l e   t o   d r a w   n o n s i m p l e   m o n o t o n e - v e r t i c a l   p o l y g o n s :   t h a t   i n   t u r n  makes it 
p o s s i b l e   t o   u s e   J i m   K e n t ' s   t e s t   f o r   m o n o t o n e - v e r t i c a l   p o l y g o n s .  

Returns  1 f o r   s u c c e s s ,  0 i f  memory a l l o c a t i o n   f a i l e d  */  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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# i n c l u d e   < s t d i o . h >  
# inc lude  <math.h> 
# i n c l u d e   < s t d l  i b. h> 
#i n c l  ude  "polygon.  h" 

I* Advances t h e   i n d e x   b y   o n e   v e r t e x   f o r w a r d   t h r o u g h   t h e   v e r t e x   l i s t ,  
w r a p p i n g   a t   t h e   e n d  o f  t h e   l i s t  *I  
# d e f i n e  INDEXKFORWARD(1ndex) \ 

Index  - ( I n d e x  + 1) % V e r t e x L i s t - > L e n g t h :  

/ *  A d v a n c e s   t h e   i n d e x   b y   o n e   v e r t e x   b a c k w a r d   t h r o u g h   t h e   v e r t e x   l i s t ,  
w r a p p i n g   a t   t h e   s t a r t   o f   t h e   l i s t  *I  
# d e f i n e  INDEXLBACKWARD(1ndex) \ 

Index  - ( I n d e x  - 1 + V e r t e x L i s t - > L e n g t h )  % V e r t e x L i s t - > L e n g t h :  

I* Advances   the   index   by  one v e r t e x   e i t h e r   f o r w a r d   o r   b a c k w a r d   t h r o u g h  
t h e   v e r t e x   l i s t ,   w r a p p i n g   a t   e i t h e r  end o f   t h e   l i s t  * I  
# d e f i n e  INDEX_MOVE(Index.Direction) \ 

i f  ( D i r e c t i o n  > 0 )  \ 
Index  - ( I n d e x  + 1) % V e r t e x L i s t - > L e n g t h ;  \ 

e l s e  \ 
Index  - ( I n d e x  - 1 + V e r t e x L i s t - > L e n g t h )  % V e r t e x L i s t - > L e n g t h :  

e x t e r n   v o i d   S c a n E d g e ( i n t .   i n t .  i n t .   i n t .  i n t .  i n t .  s t r u c t   H L i n e  **); 
e x t e r n   v o i d  D r a w H o r i z o n t a l L i n e L i s t ( s t r u c t  H L i n e L i s t  *, i n t ) ;  

i n t  FillMonotoneVerticalPolygon(struct P o i n t L i s t H e a d e r  * V e r t e x L i s t .  

( 
i n t   C o l o r ,   i n t   X O f f s e t .   i n t   Y O f f s e t )  

i n t  i, MinIndex.  MaxIndex.  MinPoint-Y.  MaxPoint-Y: 
i n t  Nex t Index .   Cur ren t Index .   Prev ious Index :  
s t r u c t   H L i n e L i s t   W o r k i n g H L i n e L i s t :  
s t r u c t   H L i n e   * E d g e P o i n t P t r ;  
s t r u c t   P o i n t   * V e r t e x P t r :  

/ *  P o i n t   t o   t h e   v e r t e x   l i s t  *I  
V e r t e x P t r  - V e r t e x L i s t - > P o i n t P t r ;  

I* Scan t h e   l i s t   t o   f i n d   t h e   t o p  a n d   b o t t o m   o f   t h e   p o l y g o n  *I  
i f  ( V e r t e x L i s t - > L e n g t h  - 0 )  

MaxPoint-Y - MinPoint-Y - VertexPtrCMinIndex - MaxIndex - 01.Y: 
f o r  (i - 1: i < V e r t e x L i s t - > L e n g t h ;  i++) { 

r e t u r n ( 1 ) :  I* r e j e c t   n u l l   p o l y g o n s  *I 

i f  (Ver texP t rC i1 .Y  < MinPoint-Y) 

e l s e  i f  ( V e r t e x P t r l i 1 . Y  > MaxPoint-Y) 
MinPointLY = Ver texPtrCMinIndex - i1.Y: I* new t o p  *I  

MaxPoint-Y - VertexPtrCMaxIndex - i1.Y: I* new b o t t o m  */  
1 

I* 
i f  

S e t   t h e  # o f  s c a n   l i n e s   i n   t h e   p o l y g o n ,   s k i p p i n g   t h e   b o t t o m  
( (Work ingHL ineL is t .Leng th  - MaxPoint-Y - MinPoint -Y)  <- 0 )  
r e t u r n ( 1 ) :  I* t h e r e ' s   n o t h i n g   t o   d r a w ,  s o  we're  done *I  

W o r k i n g H L i n e L i s t . Y S t a r t  - Y O f f s e t  + MinPointLY:  

/ *  Get memory i n  w h i c h   t o   s t o r e   t h e   l i n e   l i s t  we genera te  * I  
i f  ( ( W o r k i n g H L i n e L i s t . H L i n e P t r  - 

( s t r u c t   H L i n e  *)  ( m a l l o c ( s i z e o f ( s t r u c t   H L i n e )  * 
Work ingHL ineL is t .Leng th1 ) )  - NULL) 

r e t u r n ( 0 ) ;  / *  c o u l d n ' t   g e t  memory f o r   t h e   l i n e   l i s t  * I  

edge * I  
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/*  Scan t h e   f i r s t  edge  and s t o r e   t h e   b o u n d a r y   p o i n t s   i n   t h e   l i s t  * /  
/*  I n i t i a l   p o i n t e r   f o r   s t o r i n g  s c a n   c o n v e r t e d   f i r s t - e d g e   c o o r d s  */  
EdgePo in tP t r  - Work ingHLineLis t .HLinePtr :  
/ *  S t a r t   f r o m   t h e   t o p   o f   t h e   f i r s t  edge */  
Prev ious Index  - C u r r e n t I n d e x  - MinIndex:  
/ *  Scan c o n v e r t   e a c h   l i n e   i n   t h e   f i r s t  e d g e   f r o m   t o p   t o   b o t t o m  */  
do I 

INDEX-BACKWARD(Current1ndex); 
ScanEdge(VertexPtr[PreviousIndexl.X + XOf fse t .  

VertexPtr[PreviousIndexl.Y. 
VertexPtr[CurrentIndexl.X + X O f f s e t .  
VertexPtr[CurrentIndexl.Y. 1. 0. &EdgePo in tP t r ) :  

P rev ious Index  - C u r r e n t I n d e x ;  
1 w h i l e   ( C u r r e n t I n d e x  !- MaxIndex): 

/ *  Scan the   second  edge  and  s to re   the   boundary   po in ts  i n   t h e   l i s t  * /  
EdgePo in tP t r  - Work ingHLineLis t .HLinePtr ;  
P rev ious Index  - C u r r e n t I n d e x  - MinIndex;  
/ *  Scan c o n v e r t   t h e   s e c o n d   e d g e ,   t o p   t o   b o t t o m  */  
do I 

INDEX-FORWARD(Current1ndex): 
ScanEdge(VertexPtr[PreviousIndexl.X + X O f f s e t .  

VertexPtr[PreviousIndexl.Y, 
VertexPtr[CurrentIndexl.X + XOf fse t .  
VertexPtr[CurrentIndexl.Y. 0. 0. & E d g e P o i n t P t r ) ;  

P rev ious Index  - Cur ren t Index ;  
) w h i l e   ( C u r r e n t I n d e x  !- MaxIndex) :  

/*  Draw t h e   l i n e   l i s t   r e p r e s e n t i n g   t h e  scan  conver ted   po lygon */  
DrawHor i zon ta lL ineL is t (&Work ingHL ineL is t ,  C o l o r ) :  

/*  R e l e a s e   t h e   l i n e   l i s t ' s  memory and   we ' re   success fu l l y   done  */ 
f ree (Work ingHL ineL is t .HL inePt r ) :  
r e t u r n ( 1 ) ;  

I 

LISTING 41.3 L41-3.ASM 
: Draws a l l   p i x e l s   i n   l i s t   o f   h o r i z o n t a l   l i n e s   p a s s e d   i n ,   i n  mode 13h. VGA's 
: 320x200  256-co lor  mode.  Uses REP STOS t o  fill e a c h   l i n e .  

: NOTE: i s   a b l e   t o   r e v e r s e   t h e  X c o o r d s   f o r  a s c a n   l i n e ,  i f  n e c e s s a r y ,   t o  make 
: X S t a r t  < XEnd. Expects  whichever  edge i s   r i g h t m o s t  on  any  scan l i n e   t o  be i n  
: +1 f o r m a t :   t h a t   i s ,  XEnd i s  1 g r e a t e r   t h a n   r i g h t m o s t   p i x e l   t o   d r a w .  I f  
: X S t a r t  - XEnd. n o t h i n g   i s  drawn  on t h a t  scan l i n e .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
: C n e a r - c a l l a b l e  a s :  
: v o i d  D r a w H o r i z o n t a l L i n e L i s t ( s t r u c t  H L i n e L i s t  * H L i n e L i s t P t r .   i n t   C o l o r ) :  
: All assembly   code  tes ted   w i th  TASM and MASM 

SCREEN-WIDTH equ  320 
SCREEN-SEGMENT equ OaOOOh 

H L i n e   s t r u c  
X S t a r t  dw ? :X c o o r d i n a t e  o f  l e f t m o s t   p i x e l   i n   l i n e  
XEnd dw ? :X c o o r d i n a t e   o f   r i g h t m o s t   p i x e l   i n   l i n e  
HLine  ends 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H L i n e L i s t   s t r u c  
Lng th  dw ? :# o f   h o r i z o n t a l   l i n e s  
Y S t a r t  dw ? :Y c o o r d i n a t e   o f   t o p m o s t   l i n e  
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H L i n e P t r  dw ? : p o i n t e r   t o   l i s t   o f   h o r z   l i n e s  
H L i   n e L i   s t  ends 

Parms s t r u c  
dw 2 d u p ( ? )   ; r e t u r n   a d d r e s s  & pushed BP 

H L i n e L i s t P t r  dw 
C o l o r  

? 
dw 

; p o i n t e r   t o   H L i n e L i s t   s t r u c t u r e  
? ; c o l o r   w i t h   w h i c h   t o  fill 

Parms  ends 
.model  small  
.code 
p u b l i c   - D r a w H o r i z o n t a l L i n e L i s t  
a l i g n  2 

- 0 r a w H o r i z o n t a l L i n e L i s t   D r o c  
push 
mov 
push 
push 
c l  d 

mov 
mov 

mov 
mov 
mu 1 
mov 
mov 

mov 
and 
j z  
mov 
mov 

mov 
mov 
CmP 
j l e  
xchg 

sub 
j z  
add 
t e s t  
j z  
s t o s b  

dec 
jz 

s h r  
r e p  
adc 

F i  11  Loop: 

NoSwap: 

M a i n F i l l :  

r e p  

add 
add 
dec 
j nz 

L i n e F i l l O o n e :  

bP ; p r e s e r v e   c a l l e r ' s   s t a c k   f r a m e  
bP * SP ; p o i n t   t o   o u r   s t a c k   f r a m e  
s i  
d i  

; p r e s e r v e   c a l l e r ' s   r e g i s t e r   v a r i a b l e s  

;make s t r i n g   i n s t r u c t i o n s   i n c   p o i n t e r s  

ax,SCREEN-SEGMENT 
e s . a x   ; p o i n t  ES t o   d i s p l a y  memory f o r  REP STOS 

s i . C b p + H L i n e L i s t P t r ]   ; p o i n t   t o   t h e   l i n e   l i s t  
ax,SCREEN-WIDTH ; p o i n t   t o   t h e   s t a r t   o f   t h e   f i r s t   s c a n  
C s i + Y S t a r t l  ; l i n e   i n   w h i c h   t o  draw 
dx.ax ;ES:DX p o i n t s   t o   f i r s t   s c a n   l i n e   t o  draw 
b x . [ s i + H L i n e P t r l   ; p o i n t   t o   t h e   X S t a r t / X E n d   d e s c r i p t o r  

; f o r   t h e   f i r s t   ( t o p )   h o r i z o n t a l   l i n e  
s i   . E s i + L n g t h l  ;# o f  s c a n   l i n e s   t o   d r a w  
s i   . s i   ; a r e   t h e r e  any l i n e s   t o  draw? 
F i  11 Done ;no. s o  we're  done 
a 1 , b y t e   p t r   [ b p + C o l o r l   ; c o l o r   w i t h   w h i c h   t o  fill 
a h . a l   : d u p l i c a t e   c o l o r   f o r  STOSW 

d i . [ b x + X S t a r t l  ; l e f t  edge o f  fill on t h i s   l i n e  
cx.[bx+XEndl : r i g h t  edge o f  fill 
d i  , c x  ; i s   X S t a r t  > XEnd? 
NoSwap ;no,   we ' re  all s e t  
d i   , c x  ;yes. s o  swap edges 

c x . d i   ; w i d t h   o f  fill on t h i s   l i n e  
L i n e F i l l D o n e   : s k i p  i f  z e r o   w i d t h  
d i   , d x   ; o f f s e t  o f  l e f t  edge o f  fill 
d i  .1 
M a i n F i l l  

:does fill s t a r t   a t  an  odd  address? 
;no 
; y e s .   d r a w   t h e   o d d   l e a d i n g   b y t e   t o  
; w o r d - a l i g n   t h e   r e s t   o f   t h e  fill 

cx ; c o u n t   o f f   t h e  o d d   l e a d i n g   b y t e  
L ineF i l lDone   :done  i f  t h a t  was t h e   o n l y   b y t e  

cx ,  1 ;# o f  words i n  fill 
stosw ;fill as  many words   as   poss ib le  
c x ,   c x  ;1 i f  t h e r e ' s  an odd t r a i l i n g   b y t e   t o  

s t o s b  ;fill any  odd t r a i l i n g   b y t e  

b x . s i z e   H L i n e   : p o i n t   t o   t h e   n e x t   l i n e   d e s c r i p t o r  
dx.SCREEN-WIDTH ; p o i n t   t o   t h e   n e x t   s c a n   l i n e  
s i  
F i  11  Loop 

; do, 0 o t h e r w i s e  

: c o u n t   o f f   l i n e s   t o  fill 
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F i  11  Done: 
pop d i   ; r e s t o r e   c a l l e r ' s   r e g i s t e r   v a r i a b l e s  
pop s i  

r e t  

end 

POP bP ; r e s t o r e   c a l l e r ' s   s t a c k   f r a m e  

- DrawHor i   zon ta l   L i   neL i   s t   endp  

Listing 41.4 is  almost  identical to Listing  40.1  from  Chapter 40. I've modified  Listing  40.1 
to employ  the  vertical-monotone detection test  we've been talking  about  and  use  the 
fast  vertical-monotone drawing code whenever  possible;  that's  what  Listing 41.4 is. 
Note  well  that  Listing 40.5 from Chapter 40 is  also  required  in  order  for  this code to link. 
Listing 41.5 is  an  appropriately  updated  version of the  POLYG0N.H  header file. 

LISTING 41.4  L41-4.C 
/ *  C o l o r - f i l l s  an a r b i t r a r i l y - s h a p e d   p o l y g o n   d e s c r i b e d   b y   V e r t e x L i s t .  
I f  t h e   f i r s t  and l a s t   p o i n t s   i n   V e r t e x L i s t   a r e   n o t   t h e  same, t h e   p a t h  
a round   the   po l ygon  i s   a u t o m a t i c a l l y   c l o s e d .  All v e r t i c e s   a r e   o f f s e t  
b y   ( X O f f s e t .   Y O f f s e t ) .   R e t u r n s  1 f o r   s u c c e s s ,  0 i f  memory a l l o c a t i o n  
f a i l e d .  All C c o d e   t e s t e d   w i t h   B o r l a n d  C++. 

I f  the   po l ygon   shape  i s  known i n  advance,   speed ier   p rocess ing  may be 
enab led   by   spec i fy ing   the   shape  as   fo l lows:   "convex"  - a rubber   band 
s t r e t c h e d   a r o u n d   t h e   p o l y g o n   w o u l d   t o u c h   e v e r y   v e r t e x   i n   o r d e r ;  
"nonconvex" - t h e   p o l y g o n   i s   n o t   s e l f - i n t e r s e c t i n g ,   b u t  need  not  be 
convex;  "complex" - t h e   p o l y g o n  may be s e l f - i n t e r s e c t i n g ,   o r ,   i n d e e d ,  
any s o r t   o f   p o l y g o n   a t  all. Complex will work f o r  all polygons:  convex 
i s   f a s t e s t .   U n d e f i n e d   r e s u l t s  will occur  i f  convex i s   s p e c i f i e d   f o r  a 
nonconvex  or   complex  po lygon.  

D e f i n e  CONVEX-CODE-LINKED i f  t h e   f a s t   c o n v e x   p o l y g o n   f i l l i n g   c o d e   f r o m  
the   February   1991  co lumn i s  1 i nked   i n .   O the rw ise ,   convex   po l ygons   a re  
h a n d l e d   b y   t h e   c o m p l e x   p o l y g o n   f i l l i n g   c o d e .  
Nonconvex i s  handled  as  complex i n   t h i s   i m p l e m e n t a t i o n .  See t e x t   f o r  a 
d i s c u s s i o n   o f   f a s t e r   n o n c o n v e x   h a n d l i n g .  * /  

# i n c l u d e   < s t d i o . h >  
# inc lude  <math .  h> 
# i   f d e f  -TURBOC- 
# i n c l u d e   < a l l o c . h >  
# e l s e  I* MSC * I  
# i n c l u d e   < m a l l o c . h >  
# e n d i f  
#i n c l  ude  "polygon.  h" 

# d e f i n e  SWAP(a.b) {temp - a; a - b:  b - temp;] 

s t r u c t   E d g e S t a t e  { 
s t ruc t   Edges ta te   *Nex tEdge ;  
i n t  X ;  
i n t   S t a r t Y ;  
i n t  WholePixelXMove; 
i n t   X D i r e c t i o n ;  
i n t   E r r o r T e r m :  
i n t  ErrorTermAdjUp; 
i n t  ErrorTermAdjDown; 
i n t  Count; 

3 ;  
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e x t e r n   v o i d  OrawHorizontalLineSeg(int, i n t .  i n t .   i n t ) :  
e x t e r n   i n t  FillMonotoneVerticalPolygon(struct P o i n t L i s t H e a d e r  *, 

e x t e r n   i n t  PolygonIsMonotoneVertical(struct P o i n t L i s t H e a d e r  * ) :  
s t a t i c   v o i d   B u i l d G E T ( s t r u c t   P o i n t L i s t H e a d e r  *, s t r u c t   E d g e S t a t e  *, 

s t a t i c   v o i d   M o v e X S o r t e d T o A E T ( i n t ) ;  
s t a t i c   v o i d   S c a n O u t A E T ( i n t .   i n t ) :  
s t a t i c   v o i d   A d v a n c e A E T ( v o i d ) :  
s t a t i c   v o i d   X S o r t A E T ( v o i d ) ;  

/* P o i n t e r s   t o   g l o b a l   e d g e   t a b l e  (GET) and a c t i v e  edge t a b l e  (AET) * /  
s t a t i c   s t r u c t   E d g e S t a t e  *GETPtr.  *AETPtr: 

i n t   F i l l P o l y g o n ( s t r u c t   P o i n t L i s t H e a d e r  * V e r t e x L i s t .   i n t   C o l o r ,  

( 

i n t ,  i n t .   i n t ) :  

i n t .   i n t ) ;  

i n t  PolygonShape. i n t   X O f f s e t .   i n t   Y O f f s e t )  

s t ruc t   EdgeSta te   *EdgeTab leBu f fe r :  
i n t   C u r r e n t Y :  

# i f d e f  CONVEX-CODE-LINKED 
/*  Pass  convex  po lygons  through t o   f a s t  convex  po lygon f i l l e r  * /  
i f  ( (PolygonShape - CONVEX) 1 I 

PolygonIsMonotoneVertical(VertexList)) 
return(FillMonotoneVerticalPolygon(VertexList, C o l o r ,   X O f f s e t .  

Y O f f s e t ) ) ;  
Cendi f 

/ *  It t a k e s  a minimum o f  3 v e r t i c e s   t o   c a u s e   a n y   p i x e l s   t o   b e  

i f  ( V e r t e x L i s t - > L e n g t h  < 3 )  

/*  Get  enough memory t o   s t o r e   t h e   e n t i r e  edge t a b l e  * /  
i f  ( (EdgeTab leBu f fe r  - 

drawn: r e j e c t   p o l y g o n s   t h a t   a r e   g u a r a n t e e d   t o   b e   i n v i s i b l e  */  

r e t u r n ( 1 ) :  

( s t r u c t   E d g e S t a t e  * )  ( m a l l o c ( s i z e o f ( s t r u c t   E d g e s t a t e )  * 
V e r t e x L i s t - > L e n g t h ) ) )  - NULL) 

r e t u r n ( 0 ) :  / *  c o u l d n ' t   g e t  memory f o r   t h e  edge t a b l e  * /  
/*  B u i l d   t h e   g l o b a l   e d g e   t a b l e  */  
Bu i l dGET(Ver texL is t .   EdgeTab leBu f fe r .   XOf f se t .   YOf f se t ) ;  
/ *  Scan  down t h r o u g h   t h e   p o l y g o n   e d g e s ,   o n e   s c a n   l i n e   a t  a t i m e ,  

AETPtr - NULL: /* i n i t i a l i z e   t h e   a c t i v e  edge t a b l e   t o  empty * /  
Cur ren tY  - GETPtr ->Star tY;  / *  s t a r t   a t   t h e   t o p   p o l y g o n   v e r t e x  */ 
wh i l e   ( (GETPt r  !- NULL) I I (AETPtr !- NULL)) { 

so l o n g   a s   a t   l e a s t   o n e   e d g e   r e m a i n s  i n  e i t h e r   t h e  GET o r  AET */  

MoveXSortedToAET(CurrentY): I* upda te  AET f o r   t h i s  scan l i n e  */  
ScanOutAET(CurrentY.  Color) ;  / *  draw t h i s   s c a n   l i n e   f r o m  AET */  
AdvanceAETO: / *  advance AET edges 1 scan l i n e  */  
XSortAETO: / *  r e s o r t  on X * /  
CurrentY++: / *  advance t o   t h e   n e x t   s c a n   l i n e  */  

I 
/*  R e l e a s e   t h e  memory we 've   a l loca ted   and  we ' re   done */  
f ree (EdgeTab1eBu f fe r ) :  
r e t u r n ( 1 ) ;  

I 

/*  Crea tes  a GET i n   t h e   b u f f e r   p o i n t e d   t o   b y   N e x t F r e e E d g e S t r u c   f r o m  
t h e   v e r t e x   l i s t .  Edge e n d p o i n t s   a r e   f l i p p e d ,  i f  necessary,  t o  
g u a r a n t e e   a l l   e d g e s   g o   t o p   t o   b o t t o m .  The GET i s   s o r t e d   p r i m a r i l y  
by  ascending Y s t a r t   c o o r d i n a t e ,  and   secondar i l y   by   ascend ing  X 
s t a r t   c o o r d i n a t e   w i t h i n  edges w i t h  common Y c o o r d i n a t e s .  * /  
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s t a t i c   v o i d   B u i l d G E T ( s t r u c t   P o i n t L i s t H e a d e r  * V e r t e x L i s t .  

I 
s t r u c t   E d g e S t a t e  * NextFreeEdgeStruc,  i n t   X O f f s e t .   i n t   Y O f f s e t )  

i n t  i. S t a r t X .   S t a r t Y .  EndX.  EndY. Del taY.   Del taX.   Width,   temp:  
s t r u c t   E d g e S t a t e  *NewEdgePtr; 
s t ruc t   EdgeSta te   *Fo l l ow ingEdge .   * *Fo l l ow ingEdgeL ink :  
s t r u c t   P o i n t   * V e r t e x P t r ;  

/ *  Scan t h r o u g h   t h e   v e r t e x   l i s t  and p u t   a l l   n o n - 0 - h e i g h t   e d g e s   i n t o  

V e r t e x P t r  - V e r t e x L i s t - > P o i n t P t r :  / *  p o i n t   t o   t h e   v e r t e x   l i s t  * /  
GETPtr - NULL: / *  i n i t i a l i z e   t h e   g l o b a l  edge t a b l e   t o  empty * /  
f o r  (i - 0:  i < V e r t e x L i s t - > L e n g t h ;  i++) ( 

t h e  GET, s o r t e d   b y   i n c r e a s i n g  Y s t a r t   c o o r d i n a t e  */  

/* C a l c u l a t e   t h e   e d g e   h e i g h t   a n d   w i d t h  * /  
S t a r t X  - VertexPtrCi1.X + X O f f s e t :  
S t a r t Y  - Ver texP t rC i1 .Y  + Y O f f s e t :  
/ *  T h e   e d g e   r u n s   f r o m   t h e   c u r r e n t   p o i n t   t o   t h e   p r e v i o u s   o n e  * /  
i f  (i - 0 )  { 

/ *  Wrap back  around t o   t h e  end o f   t h e   l i s t  * /  
EndX - VertexPtrCVertexList->Length-1l.X + XOffset: 
EndY - VertexPtrCVertexList->Length-l1.Y + YOffset: 

} e l s e  ( 

1 
I* 
i f  

I 
I* 
i f  

EndX - V e r t e x P t r C i - l l . X  + XOf fse t :  
EndY - Ver texP t rC i -11 .Y  + YOf fse t :  

Make s u r e   t h e   e d g e   r u n s   t o p   t o   b o t t o m  */  
( S t a r t Y  > EndY) { 
SWAP(StartX.  EndX): 
SWAP(StartY.  EndY): 

S k i p  if t h i s   c a n ' t   e v e r   b e   a n   a c t i v e   e d g e   ( h a s  0 h e i g h t )  * I  
( ( D e l t a Y  - EndY - S t a r t Y )  !- 0 )  
I* A l l o c a t e   s p a c e   f o r   t h i s   e d g e ' s   i n f o ,   a n d  fill i n   t h e  

NewEdgePtr - NextFreeEdgeStruc++; 
NewEdgePtr ->XDirect ion - /*  d i r e c t i o n   i n   w h i c h  X moves */  

Width - abs(De1taX) ;  
NewEdgePtr->X - S t a r t X :  
NewEdgePtr->StartY - S t a r t Y :  
NewEdgePtr->Count - De l taY ;  
NewEdgePtr->ErrorTermAdjDown - De l taY :  
if (De l taX  >- 0 )  / *  i n i t i a l   e r r o r   t e r m   g o i n g  L->R */  

e l s e  / *  i n i t i a l   e r r o r   t e r m   g o i n g   R - > L  * /  

i f  (De l taY  >- W id th )  ( /*  Y-major  edge */  

s t r u c t u r e  */  

( ( D e l t a X  - EndX - S t a r t X )  > 0 )  ? 1 : -1: 

NewEdgePtr->ErrorTerm - 0;  

NewEdgePtr->ErrorTerm - -Del taY + 1: 

NewEdgePtr->WholePixelXMove - 0:  
NewEdgePtr->ErrorTermAdjUp - Width:  

NewEdgePtr->WholePixelXMove - 
NewEdgePtr->ErrorTermAdjUp - Width % Del taY:  

3 e l s e  I /*  X-major  edge */  

(Wid th  / De l taY)  * NewEdgePtr ->XDirect ion:  

1 
/*  L i n k   t h e  new edge i n t o   t h e  GET s o  t h a t   t h e  edge l i s t   i s  

s t i l l   s o r t e d   b y  Y coord ina te ,   and  by  X c o o r d i n a t e   f o r   a l l  
edges w i t h   t h e  same Y c o o r d i n a t e  */  

Fo l l ow ingEdgeL ink  - &GETPtr; 
f o r  ( : : )  { 

Fol lowingEdge - *Fol lowingEdgeLink:  
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i f  ( ( F o l l o w i n g E d g e  - NULL) I I 
( F o l l o w i n g E d g e - > S t a r t Y  > S t a r t Y )  I I 
( ( F o l l o w i n g E d g e - > S t a r t Y  - S t a r t Y )  && 
(Fo l low ingEdge->X >- S t a r t X ) ) )  I 

NewEdgePtr->NextEdge - Fol lowingEdge: 
*Fo l low ingEdgeL ink  - NewEdgePtr: 
b reak ;  

1 
Fol lowingEdgeL ink  - &FollowingEdge->NextEdge; 

1 
I 

1 
1 

/*  S o r t s   a l l  e d g e s   c u r r e n t l y   i n   t h e   a c t i v e  edge t a b l e   i n t o   a s c e n d i n g  
o r d e r   o f   c u r r e n t  X c o o r d i n a t e s  */  

s t a t i c   v o i d   X S o r t A E T O  I 
s t ruc t   EdgeSta te   *Cur ren tEdge .   * *Cur ren tEdgePt r .  *TempEdge: 
i n t  Swapoccurred: 

/ *  Scan  th rough  the  AET and swap a n y   a d j a c e n t   e d g e s   f o r   w h i c h   t h e  
second  edge i s   a t  a l o w e r   c u r r e n t  X c o o r d   t h a n   t h e   f i r s t  edge. 
Repeat u n t i l  n o   f u r t h e r   s w a p p i n g   i s   n e e d e d  */  

do I 
i f  (AETPtr !- NULL) ( 

Swapoccurred - 0: 
Cur ren tEdgePt r  - &AETPtr; 
wh i l e   ( (Cur ren tEdge  - *CurrentEdgePtr)->NextEdge !- NULL) I 

/*  The  second  edge  has a l o w e r  X t h a n   t h e   f i r s t ;  

TempEdge - CurrentEdge->NextEdge->NextEdge: 
*Cur ren tEdgePt r  - CurrentEdge->NextEdge: 
CurrentEdge->NextEdge->NextEdge - CurrentEdge: 
CurrentEdge->NextEdge - TempEdge: 
Swapoccurred - 1; 

if (CurrentEdge->X > CurrentEdge->NextEdge->X) ( 

swap them i n   t h e  AET */  

1 
Curren tEdgePt r  - &(*CurrentEdgePtr)->NextEdge; 

} 

1 
} wh i l e   (Swapoccur red  !- 0): 

1 

/*  Advances  each  edge i n   t h e  AET by  one  scan l i n e .  

s t a t i c   v o i d  AdvanceAETO I 
Removes edges tha t   have   been   fu l l y   scanned .  * /  

s t ruc t   EdgeSta te   *Cur ren tEdge ,   * *Cur ren tEdgePt r :  

/*  Count down and  remove o r  advance  each  edge i n   t h e  AET */  
Cur ren tEdgePt r  - &AETPtr: 
w h i l e   ( ( C u r r e n t E d g e  - *Cur ren tEdgePt r )  !- NULL) I 

/*  Count o f f  one  scan l i n e   f o r   t h i s  edge *I  
i f  ((--(CurrentEdge->Count)) - 0) I 

/* This   edge i s   f i n i s h e d ,  so remove it f r o m   t h e  AET * I  
*Cur ren tEdgePt r  - CurrentEdge->NextEdge: 

/* Advance  the  edge 's  X coord inate  by  min imum move */  
CurrentEdge->X +- CurrentEdge->WholePixelXMove; 
/* Determine  whether  i t ' s   t i m e   f o r  X t o  advance  one  extra * /  
i f  ((CurrentEdge->ErrorTerm +- 

1 e l s e  ( 

CurrentEdge->ErrorTermAdjUp) > 0) I 
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CurrentEdge->X +- Cur ren tEdge->XDi rec t i on :  
Cur ren tEdge->Er rorTerm -- CurrentEdge->ErrorTermAdjDown: 

3 
Cur ren tEdgePt r  - K u r r e n t E d g e - > N e x t E d g e :  

1 
3 

1 

/*  Moves a l l  edges t h a t   s t a r t   a t   t h e   s p e c i f i e d  Y c o o r d i n a t e   f r o m   t h e  

s ta t i c   vo id   MoveXSor tedToAET( in t  YToMove) I 
GET t o   t h e  AET. m a i n t a i n i n g   t h e  X s o r t i n g   o f   t h e  AET. */ 

s t r u c t   E d g e S t a t e  *AETEdge. **AETEdgePtr. *TempEdge; 
i n t   C u r r e n t X :  

/ *  The GET i s  Y s o r t e d .  Any edges t h a t   s t a r t   a t   t h e   d e s i r e d  Y 
c o o r d i n a t e  will be f i r s t   i n   t h e  GET, so w e ' l l  move edges  f rom 
t h e  GET t o  AET u n t i l   t h e   f i r s t  edge l e f t   i n   t h e  GET i s  n o   l o n g e r  
a t  t h e   d e s i r e d  Y c o o r d i n a t e .   A l s o ,   t h e  GET i s  X s o r t e d   w i t h i n  
each Y c o o r d i n a t e ,  so each  success ive  edge we add t o   t h e  AET i s  
g u a r a n t e e d   t o   b e l o n g   l a t e r   i n   t h e  AET t h a n   t h e  one j u s t  added. * /  

AETEdgePtr - &AETPtr: 
w h i l e   ( ( G E T P t r  !- NULL) && ( G E T P t r - > S t a r t y  - YToMove)) I 

Curren tX - GETPtr->X: 
/ *  L i n k   t h e  new edge i n t o   t h e  AET s o  t h a t   t h e  AET i s   s t i l l  

for ( : : )  { 
s o r t e d   b y  X c o o r d i n a t e  */  

AETEdge - *AETEdgePtr: 
i f  ((AETEdge - NULL) I I (AETEdge->X >- C u r r e n t X ) )  I 

TempEdge - GETPtr->NextEdge; 
*AETEdgePtr - GETPtr: / *  l i n k   t h e  edge i n t o   t h e  AET */  
GETPtr->NextEdge - AETEdge: 
AETEdgePtr - &GETPtr->NextEdge; 
GETPtr - TempEdge; / *  u n l i n k   t h e   e d g e   f r o m   t h e  GET */ 
break :  

AETEdgePtr - &AETEdge->NextEdge: 
3 e l s e  I 

I 
3 

1 
3 

/ *  F i l l s   t h e   s c a n   l i n e   d e s c r i b e d  b y   t h e   c u r r e n t  AET a t   t h e   s p e c i f i e d  Y 

s t a t i c   v o i d   S c a n O u t A E T ( i n t  YToScan. i n t   C o l o r )  I 
c o o r d i n a t e   i n   t h e   s p e c i f i e d   c o l o r ,   u s i n g   t h e   o d d l e v e n  fill r u l e  * /  

i n t   L e f t X :  
s t ruc t   EdgeSta te   *Cur ren tEdge :  

/ *  Scan   th rough   the  AET. d raw ing   l i ne   segmen ts   as   each   pa i r   o f   edge  
c r o s s i n g s   i s   e n c o u n t e r e d .  The n e a r e s t   p i x e l  on o r   t o   t h e   r i g h t  
o f   l e f t  edges i s  d r a w n ,   a n d   t h e   n e a r e s t   p i x e l   t o   t h e   l e f t   o f   b u t  
n o t  on r i g h t  edges i s  drawn */  

CurrentEdge - AETPtr; 
w h i l e   ( C u r r e n t E d g e  !- NULL) I 

L e f t X  - CurrentEdge->X: 
CurrentEdge - CurrentEdge->NextEdge: 
DrawHor izonta lL ineSeg(YToScan.  Le f tX .   Cur ren tEdge->X-1 ,   Co lor ) ;  
CurrentEdge - CurrentEdge->NextEdge; 

3 
1 
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LISTING 4 1.5 POLYG0N.H 
I* Header f i l e   f o r   p o l y g o n - f i l l i n g  code *I  

# d e f i n e  CONVEX 0 
# d e f i n e  NONCONVEX 1 
# d e f i n e  COMPLEX 2 

I* Descr ibes  a s i n g l e   p o i n t   ( u s e d   f o r  a s i n g l e   v e r t e x )  * /  
s t r u c t   P o i n t  { 

i n t  X :  / *  X c o o r d i n a t e  *I  
i n t  Y :  I* Y c o o r d i n a t e  * I  

1 ;  

I* D e s c r i b e s   s e r i e s  o f  p o i n t s   ( u s e d   t o   s t o r e  a l i s t   o f   v e r t i c e s   t h a t   d e s c r i b e  
a p o l y g o n ;   e a c h   v e r t e x   i s  assumed t o   c o n n e c t   t o   t h e   t w o   a d j a c e n t   v e r t i c e s ,  and 
l a s t   v e r t e x   i s  assumed t o   c o n n e c t   t o   t h e   f i r s t )  *I 
s t r u c t   P o i n t L i s t H e a d e r  { 

i n t  Length;  / *  11 o f   p o i n t s  * I  
s t r u c t   P o i n t  * P o i n t P t r :  I* p o i n t e r   t o   l i s t   o f   p o i n t s  *I  

I ;  

/*  Desc r ibes   beg inn ing   and   end ing  X c o o r d i n a t e s   o f  a s i n g l e   h o r i z o n t a l   l i n e  * /  
s t r u c t   H L i n e  { 

i n t   X S t a r t ;  I* X c o o r d i n a t e   o f   l e f t m o s t   p i x e l   i n   l i n e  */  
i n t  XEnd; I* X c o o r d i n a t e  o f  r i g h t m o s t   p i x e l   i n   l i n e  * I  

I ;  

I* Descr ibes  a L e n g t h - l o n g   s e r i e s   o f   h o r i z o n t a l   l i n e s ,   a l l  assumed t o  be  on 
c o n t i g u o u s   s c a n   l i n e s   s t a r t i n g   a t   Y S t a r t  and  proceeding  downward  (used t o  
d e s c r i b e   s c a n - c o n v e r t e d   p o l y g o n   t o   l o w - l e v e l   h a r d w a r e - d e p e n d e n t   d r a w i n g   c o d e )  * /  
s t r u c t   H L i n e L i s t  { 

i n t  Length;  / *  # o f   h o r i z o n t a l   l i n e s  * /  
i n t   Y S t a r t ;  I* Y c o o r d i n a t e   o f   t o p m o s t   l i n e  * I  
s t r u c t   H L i n e  * H L i n e P t r ;  I* p o i n t e r   t o   l i s t   o f   h o r z   l i n e s  *I  

3 ;  

I* Descr ibes  a c o l o r  as  an RGB t r i p l e ,  p l u s   o n e   b y t e   f o r   o t h e r   i n f o  *I  
s t r u c t  RGB { uns igned  char  Red, Green, B lue,   Spare:  I :  

Is monotone-vertical polygon detection worth all this trouble?  Under  the  right cir- 
cumstances, you bet.  In  a situation where a great many  polygons are  being drawn, 
and  the application either  doesn’t know whether they’re monotone-vertical or has 
no way to tell the polygon filler that they are,  performance can be increased consid- 
erably if most polygons are, in fact, monotone-vertical. This potential  performance 
advantage is helped  along by the surprising fact that Jim’s  test for monotone-vertical 
status is simpler and faster than my original, nonfunctional test for convexity. 
See what accurate terminology and effective communication can do? 
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