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irty-Rectangle  Animation 
d 
,.- Programming is, ’ large, a linear process. One statement or instruction follows 

equences, with  tiny building blocks strung together to make 
mmers, we  grow adept at this  sort  of  idealized  linear 

thinking, which is, o d Thing. Still,  it’s important to keep in mind that 
n mind that doesn’t work  in a linear fashion. 
tues of nonlinear/right-brain/lateral/what-have- 

ing  tough  programming  problems, such as debugging  or 
. The mind can be an awesome pattern-matching 

tool, if  you let it. For example, the other day I was grinding my  way 
through  a particula?@  difficult bit of debugging. The code had been written by some- 
one else, and, to my hind, there’s nothing worse than debugging someone else’s 
code; there’s always the nasty feeling that you don’t quite know  what’s going on.  The 
overall operation of this code wouldn’t come clear in my head,  no  matter how long 
I stared at it, leaving  me  with a rising  sense of fmstration and  a determination not to 
quit until I got this bug. 
In the midst of this, a coworker poked his head through the door  and told  me he 
had something I had to listen  to.  Reluctantly, I went to his  office, whereupon he 
played a tape of  what  is  surely one of the most bizarre 91 1 calls in history. No doubt 
some of you  have heard this tape, which I will briefly describe as  involving a  deer 
destroying the  interior of a car and biting a man in the neck. Perhaps you found it 
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funny,  perhaps  not-but as for me, it hit me  exactly  right. I started  laughing helplessly, 
tears  rolling  down my face.  When I went  back  to  work-presto!-the  pieces  of the de- 
bugging  puzzle had come together in my head,  and  the work  went  quickly and easily. 
Obviously, my mind  needed  a break from linear, left-brain, push-it-out thinking, so it 
could do the  sort of integrating work it does so well-but that it’s  rarely  willing to  do 
under conscious control.  It was exactly this sort of thinking  I  had in mind when I 
titled my 1989 optimization book Zen ofAssembly Language. (Although I must admit 
that few people seem  to  have gotten  the  connection,  and I’ve had  to field a  lot of 
questions about whether I’m a Zen disciple. I’m  not-actually, I’m more of a Dave 
Barry  disciple. If  you don’t know  who  Dave  Barry  is,  you should; he’s good  for your 
right  brain.) Give  your mind  a  break  once in a while, and I’ll bet you’ll find you’re 
more productive. 
We’re strange  thinking machines, but we’re the best ones yet invented,  and it’s worth 
learning how  to  tap our full potential. And  with that, it’s  back  to  dirty-rectangle 
animation. 

Dirty-Rectangle  Animation,  Continued 
In  the last chapter,  I  introduced  the idea of dirty-rectangle animation. This tech- 
nique is an alternative to  page flipping that’s capable of producing  animation of  very 
high visual  quality, without any help  at all from video hardware, and without the 
need  for any extra, nondisplayed video  memory. This makes dirty-rectangle anima- 
tion more widely usable than page flipping, because many adapters  don’t  support 
page flipping. Dirty-rectangle animation also tends  to be simpler to implement than 
page flipping, because there’s only one bitmap to keep track  of. A final advantage of 
dirty-rectangle animation is that it’s potentially somewhat faster than page flipping, 
because  display-memory  accesses can theoretically be reduced to  exactly one access 
for  each pixel that changes from one frame  to  the  next. 
The speed advantage of dirty-rectangle animation was entirely theoretical in the  pre- 
vious chapter, because the  implementation was completely in C, and because no 
attempt was made to  minimize  display memory accesses. The visual  quality of Chap- 
ter 45’s animation was also  less than ideal, for reasons we’ll explore shortly. The code 
in Listings 46.1 and 46.2 addresses the shortcomings of Chapter 45’s code. 
Listing 46.2 implements  the low-level drawing routines in assembly language, which 
boosts performance  a  good  deal. For maximum performance,  it would  be  worth- 
while  to convert more of Listing 46.1 into assembly, so a call isn’t required  for each 
animated image, and overall performance could be improved by streamlining the  C 
code,  but Listing 46.2 goes a  long way toward boosting animation  speed. This pro- 
gram now supports snappy animation of 15 images (as opposed to 10 for  the software 
presented in the last chapter), and  the images are now two pixels  wider. That level  of 
performance is  all the  more impressive considering  that  for this chapter I’ve con- 
verted the code from using rectangular images  to  using  masked  images. 

862 Chapter 46 



LISTING 46.1  L46- 1 .C 
I* S a m p l e   s i m p l e   d i r t y - r e c t a n g l e   a n i m a t i o n   p r o g r a m ,   p a r t i a l l y   o p t i m i z e d  and 

f e a t u r i n g   i n t e r n a l   a n i m a t i o n ,  masked  images ( s p r i t e s ) .  a n d   n o n o v e r l a p p i n g   d i r t y  
r e c t a n g l e   c o p y i n g .   T e s t e d   w i t h   B o r l a n d  C++ i n   t h e   s m a l l   m o d e l .  *I  

#i n c l  ude < s t d l  i b.  h> 
# inc lude   <con io .h>  
#i ncl  ude  <a1 1 oc.  h> 
# i n c l u d e  <memory.  h> 
# inc lude   <dos .  h> 

I* Comment o u t   t o   d i s a b l e   o v e r l a p   e l i m i n a t i o n   i n   t h e   d i r t y   r e c t a n g l e   l i s t .  * I  
# d e f i n e  CHECK-OVERLAP 1 
# d e f i n e  SCREEN-WIDTH 320 
# d e f i n e  SCREEN-HEIGHT 200 
# d e f i n e  SCREEN-SEGMENT  OxAOOO 

I* Descr ibes  a d i r t y   r e c t a n g l e  *I  
t y p e d e f   s t r u c t  { 

vo id   *Nex t :  I* p o i n t e r   t o   n e x t   n o d e   i n   l i n k e d   d i r t y   r e c t   l i s t  *I  
i n t  Top: 
i n t   L e f t :  
i n t   R i g h t :  
i n t  Bottom: 

1 D i r t y R e c t a n g l e :  
I* Descr ibes   an   an imated  ob jec t  * I  
t y p e d e f   s t r u c t  { 

i n t  X :  I* upper l e f t   c o r n e r   i n   v i r t u a l   b i t m a p  *I  
i n t  Y :  
i n t   X D i r e c t i o n :  I* d i r e c t i o n  and d i s t a n c e   o f  movement *I 
i n t   Y D i r e c t i o n :  
i n t   I n t e r n a l A n i m a t e C o u n t :  I* t r a c k i n g   i n t e r n a l   a n i m a t i o n   s t a t e  *I 
i n t   I n t e r n a l A n i m a t e M a x :  I* maximum i n t e r n a l   a n i m a t i o n   s t a t e  * /  

1 E n t i t y :  
I* s t o r a g e   u s e d   f o r   d i r t y   r e c t a n g l e s  *I  
# d e f i n e  MAX-DIRTY-RECTANGLES 100 
i n t  NumDirtyRectangles:  
D i r t y R e c t a n g l e  DirtyRectanglesCMAX-DIRTY-RECTANGLES]: 
I* h e a d l t a i l   o f   d i r t y   r e c t a n g l e   l i s t  *I  
D i  r t y R e c t a n g l e  D i  r tyHead; 
I* I f  s e t   t o  1, i g n o r e   d i r t y   r e c t a n g l e   l i s t  and  copy  the  whole  screen.  *I 
i n t  DrawWholeScreen - 0:  
I* p i x e l s  and  masks f o r   t h e   t w o   i n t e r n a l l y   a n i m a t e d   v e r s i o n s  o f  the  image 

w e ' l l   a n i m a t e  *I  
# d e f i n e  IMAGE-WIDTH 13 
# d e f i n e  IMAGE-HEIGHT 11 
char  ImagePixelsOCl - I 

0.  0 .  0 .  9.  9.  9.  9.  9, 0.  0. 0 .  0 .  0 .  
0,  0. 9,  9.  9.  9.  9.  9.  9. 0 .  0 .  0,  0. 
0. 9 .   9 .  0. 0.14.14.14, 9. 9 .  0. 0 .  0 .  
9 .   9 .  0, 0 .  0 .  0.14.14.14.  9.  9. 0,  0. 
9.  9. 0.   0.   0,  0.14.14.14.  9.  9. 0 ,  0 ,  
9.   9.14. 0 .  0.14.14.14.14.  9.  9. 0 .  0 .  
9,  9.14,14.14.14.14.14.14,  9.  9. 0 ,  0 .  
9.  9.14.14.14.14.14.14.14,  9.  9. 0,  0. 
0. 9,  9.14.14.14.14.14.  9.  9, 0 .  0 ,  0 .  
0 , 0 , 9 . 9 . 9 . 9 . 9 . 9 . 9 . 0 . 0 . 0 , 0 .  
0 .  0 .   0 ,  9.  9.  9.  9,  9. 0,  0. 0 .  0 .  0 .  

1 :  
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char  ImageMaskOCl - I 
0 . 0 . 0 . 1 . 1 . 1 . 1 . 1 . 0 . 0 . 0 , 0 . 0 ,  
0 ,   0 .  1. 1. 1. 1, 1. 1, 1. 0. 0 .  0 .   0 .  
0. 1, 1. 0.  0. 1 ,   1 ,  1, 1, 1, 0,  0,  0, 
1 . 1 . 0 . 0 . 0 . 0 . 1 . 1 , 1 . 1 , 1 . 0 , 0 .  
1 , 1 . 0 , 0 . 0 . 0 . 1 . 1 . 1 . 1 . 1 . 0 . 0 .  
1 .  1 .  1 ,  0. 0, 1 .  1. 1 .  1. 1 ,  1 .  0. 0.  
1 . 1 . 1 . 1 . 1 , 1 . 1 , 1 . 1 . 1 . 1 . 0 , 0 .  
1 . 1 , 1 . 1 . 1 . 1 , 1 . 1 , 1 , 1 . 1 . 0 . 0 ,  
0 , 1 . 1 , 1 . 1 , 1 , 1 . 1 . 1 . 1 , 0 . 0 . 0 .  
0 . 0 , 1 . 1 . 1 . 1 . 1 . 1 . 1 . 0 . 0 . 0 . 0 .  
o , o . o ,  1 . 1 . 1 .  1 . 1 . 0 . 0 . 0 . 0 . 0 .  

1 ;  
c h a r   I m a g e P i x e l s l [ l  - { 

0. 0. 0 .  9.  9.  9.  9.  9. 0.  0, 0, 0, 9. 
0 . 0 . 9 , 9 . 9 , 9 , 9 . 9 , 9 . 0 . 9 . 9 . 9 .  
0, 9 .   9 .  0 .  0.14.14,14.  9,  9.  9,  9. 0 .  
9 .   9 ,  0 .  0 .  0 .  0.14.14.14. 0, 0. 0. 0 .  
9.  9. 0.   0.   0,  0.14.14, 0,  0.  0.  0.  0, 
9.   9.14. 0 .  0.14.14.14. 0, 0 ,  0.  0. 0. 
9,  9.14,14.14,14.14,14. 0 .  0 .  0 .   0 .  0 .  
9.  9,14.14.14.14.14.14.14, 0.  0,  0.  0, 
0 ,  9,  9.14.14,14,14,14,  9.  9.  9.  9. 0 .  
0 . 0 . 9 . 9 . 9 , 9 . 9 . 9 . 9 , 0 . 9 , 9 . 9 .  
0 . 0 . 0 . 9 . 9 . 9 , 9 . 9 . 0 , 0 . 0 , 9 , 9 .  

char  ImageMasklL]  - I 
1 ;  

0 . 0 . 0 . 1 . 1 . 1 . 1 . 1 . 0 , 0 . 0 . 0 . 1 .  
0 , 0 . 1 . 1 . 1 . 1 , 1 , 1 . 1 . 0 , 1 . 1 , 1 .  
0 . 1 . 1 . 0 . 0 . 1 . 1 . 1 . 1 , 1 . 1 . 1 . 0 .  
1 . 1 . 0 . 0 . 0 . 0 . 1 . 1 . 1 . 0 . 0 . 0 , 0 .  
1 . 1 . 0 . 0 . 0 , 0 . 1 , 1 . 0 . 0 . 0 . 0 . 0 .  
1 . 1 , 1 . 0 . 0 . 1 , 1 . 1 , 0 . 0 . 0 . 0 . 0 .  
1 . 1 . 1 . 1 . 1 , 1 . 1 , 1 , 0 . 0 , 0 , 0 , 0 ,  
1 . 1 , 1 . 1 . 1 . 1 . 1 . 1 , 1 . 0 . 0 . 0 . 0 .  
0 . 1 . 1 , 1 . 1 , 1 . 1 , 1 . 1 . 1 . 1 , 1 . 0 ,  
0.   0 .  1. 1. 1. 1. 1. 1.  1, 0. 1, 1. 1. 
0 . 0 . 0 , 1 . 1 . 1 , 1 . 1 . 0 . 0 . 0 . 1 , 1 .  

1 ;  
/*  P o i n t e r s   t o   p i x e l  and  mask d a t a   f o r   v a r i o u s   i n t e r n a l l y   a n i m a t e d  

cha r  * ImageP ixe lA r ray [ ]  = { ImageP ixe l sO.   ImageP ixe l s l ) ;  
cha r  * ImageMaskArrayC] = {ImageMaskO. ImageMaskl l ;  
/ *  A n i m a t e d   e n t i t i e s  * /  
# d e f i n e  NUM-ENTITIES 15 
E n t i t y  EntitiesCNUM-ENTITIES]; 
/ *  p o i n t e r   t o   s y s t e m   b u f f e r   i n t o   w h i c h   w e ' l l   d r a w  */  
c h a r   f a r   * S y s t e m B u f f e r P t r ;  
/ *  p o i n t e r   t o   s c r e e n  * I  

ve rs ions   o f   ou r   an ima ted   image .  * /  

cha r  
v o i d  
v o i d  
v o i d  
v o i d  
v o i d  
v o i d  
v o i d  

f a r   * S c r e e n P t r :  
E r a s e E n t i t i e s ( v o i d ) ;  
CopyOirtyRectanglesToScreen(void); 
D r a w E n t i t i e s ( v o i d ) :  
A d d O i r t y R e c t ( E n t i t y  *, i n t ,   i n t ) ;  
DrawMasked(char f a r  *, char  *, char  *, i n t ,  i n t ,  i n t ) ;  
F i l l R e c t ( c h a r   f a r  *, i n t .  i n t .   i n t .  i n t ) :  
C o p y R e c t ( c h a r   f a r  *, c h a r   f a r  *, i n t .   i n t .   i n t .   i n t ) ;  
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v o i d   m a i n 0  
r 

i n t  i. XTemp.  YTemp; 
uns igned   i n t   Tempcoun t :  
char  far *TempPtr: 
u n i o n  REGS r e g s :  
/*  A l l o c a t e  memory f o r   t h e   s y s t e m   b u f f e r   i n t o   w h i c h   w e ' l l   d r a w  * I  
i f  ( ! ( S y s t e m B u f f e r P t r  - f a r m a l l o c ( ( u n s i g n e d  int)SCREEN-WIDTH* 

SCREEN-HEIGHT))) { 
p r in t f ( "Cou1dn ' t   ge t   memory \n " ) ;  
e x i t ( 1 ) :  

1 
/* C l e a r   t h e   s y s t e m   b u f f e r  * I  
TempPtr - S y s t e m B u f f e r P t r :  
f o r  (Tempcount - ((unsigned)SCREEN-WIDTH*SCREEN-HEIGHT): Tempcount-- :  ) I 

1 
/* P o i n t   t o   t h e   s c r e e n  */  
ScreenPt r  - MK-FP(SCREEN-SEGMENT. 0): 
/*  S e t   u p   t h e   e n t i t i e s   w e ' l l   a n i m a t e ,  a t  random l o c a t i o n s  */  
randomize( ) ;  
f o r  (i - 0; i < NUM-ENTITIES: i++) C 

*TempPtr++ - 0: 

E n t i t i e s C i 1 . X  - random(SCREEN-WIDTH - IMAGE-WIDTH): 
E n t i t i e s C i 1 . Y  - random(SCREENkHE1GHT - IMAGE-HEIGHT): 
E n t i t i e s C i l . X D i r e c t i o n  - 1: 
E n t i t i e s [ i ] . Y D i r e c t i o n  - -1; 
EntitiesCil.Interna1AnimateCount - i E 1: 
Entities[i].InternalAnimateMax - 2; 

1 
/*  S e t   t h e   d i r t y   r e c t a n g l e   l i s t   t o  empty ,   and  se t   up   the   head/ ta i l   node 

as a s e n t i n e l  * /  
NumDirtyRectangles - 0: 
Dir tyHead.Next  - EDi r tyHead:  
Dir tyHead.Top - Ox7FFF: 
D i r t y H e a d . L e f t -  Ox7FFF: 
D i r tyHead.Bot tom - Ox7FFF; 
D i  r t y H e a d .   R i g h t  - Ox7FFF: 
/* Se t   320x200   256 -co lo r   g raph ics  mode */  
regs.x.ax - 0x0013: 
i n t86 (0x10 .   & regs .   & regs ) :  
/ *  Loop  and  draw u n t i l  a key i s  p ressed */ 
do I 

/*  D r a w  t h e   e n t i t i e s   t o   t h e   s y s t e m   b u f f e r   a t   t h e i r   c u r r e n t   l o c a t i o n s ,  

D r a w E n t i t i e s O :  
/* Draw t h e   d i r t y   r e c t a n g l e s ,  or t h e   w h o l e   s y s t e m   b u f f e r  i f  

CopyDir tyRectanglesToScreenO: 
/ *  R e s e t   t h e   d i r t y   r e c t a n g l e   l i s t   t o  empty * I  
NumDirtyRectangles - 0: 
D i  r tyHead  .Next  - &Di   r tyHead : 
/*  E r a s e   t h e   e n t i t i e s   i n   t h e   s y s t e m   b u f f e r   a t   t h e i r   o l d   l o c a t i o n s ,  

E r a s e E n t i t i e s O :  
/* Move t h e   e n t i t i e s ,   b o u n c i n g   o f f   t h e   e d g e s  o f  t h e   s c r e e n  */ 
f o r  (i - 0: i < NUM-ENTITIES: i++) { 

u p d a t i n g   t h e   d i r t y   r e c t a n g l e   l i s t  * /  

a p p r o p r i a t e  * /  

u p d a t i n g   t h e   d i r t y   r e c t a n g l e   l i s t  * /  

XTemp - E n t i t i e s C i 1 . X  + E n t i t i e s [ i l . X D i r e c t i o n :  
YTemp - E n t i t i e s C i 1 . Y  + E n t i t i e s C i 1 . Y D i r e c t i o n :  
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i f  ((XTemp < 0) I I ((XTemp + IMAGE-WIDTH) > SCREEN-WIDTH)) I 
E n t i t i e s C i l . X D i r e c t i o n  - -EntitiesCil.XDirection: 
XTemp - E n t i t i e s C i 1 . X  + E n t i t i e s C i ] . X D i r e c t i o n :  

I 
i f  ((YTemp < 0) I (  ((YTemp + IMAGE-HEIGHT) > SCREEN-HEIGHT)) { 

E n t i t i e s [ i l . Y D i r e c t i o n  - - E n t i t i e s C i l . Y D i r e c t i o n :  
YTemp - E n t i t i e s C i 1 . Y  + E n t i t i e s C i 1 . Y D i r e c t i o n :  

I 
E n t i t i e s C i 1 . X  - XTemp; 
E n t i t i e s C i 1 . Y  - YTemp: 

I 
1 w h i l e   ( ! k b h i t O ) :  
g e t c h 0 :  / *  c l e a r   t h e   k e y p r e s s  */  

/* R e t u r n   b a c k   t o   t e x t  mode */ 
regs.x .ax - 0x0003: 
i n t 8 6 ( 0 x 1 0 .   & r e g s .   & r e g s ) :  

I 
/*  Draw e n t i t l e s   a t   t h e i r   c u r r e n t   l o c a t i o n s ,   u p d a t i n g   d i r t y   r e c t a n g l e   l i s t .  * /  
v o i d   D r a w E n t i   t i e s ( )  
{ 

i n t  i: 
c h a r   f a r   * R o w P t r B u f f e r :  
char  *TempPtrImage: 
char  *TempPtrMask: 
E n t i t y   * E n t i t y P t r :  

f o r  (i - 0, E n t i t y P t r  - E n t i t i e s :  i < NUM-ENTITIES: i++, Ent i t yP t r++ )  I 
/ *  Remember t h e   d i r t y   r e c t a n g l e   i n f o   f o r   t h i s   e n t i t y  * /  
A d d D i r t y R e c t ( E n t i t y P t r ,  IMAGE-HEIGHT, IMAGE-WIDTH): 
/*  P o i n t   t o   t h e   d e s t i n a t i o n   i n   t h e   s y s t e m   b u f f e r  * /  
RowPt rBu f fe r  - Sys temBuf fe rP t r  + ( E n t i t y P t r - > Y  * SCREEN-WIDTH) + 

/* Advance t h e   i m a g e   a n i m a t i o n   p o i n t e r  * /  
i f  (HEnt i tyPt r -> In terna lAn imateCount  >- 

E n t i t y P t r - > X :  

Ent i tyPt r -> In terna lAn imateMax)  I 
Enti tyPtr->InternalAnimateCount - 0:  

I 
/*  P o i n t   t o   t h e  image  and mask t o  draw *I 
TempPtrImage - ImagePixelArrayCEntityPtr->InternalAnimateCountl: 
TempPtrMask - ImageMaskArrayCEntityPtr->InternalAnimateCountl: 
DrawMasked(RowPtrBuffer. TempPtrImage.  TempPtrMask. IMAGE-HEIGHT. 

IMAGE-WIDTH.  SCREEN-WIDTH): 
1 

1 
/*  Copy t h e   d i r t y   r e c t a n g l e s ,   o r   t h e   w h o l e   s y s t e m   b u f f e r  if a p p r o p r i a t e .  

v o i d  CopyDir tyRectanglesToScreenO 
( 

i n t  i. RectWid th .   Rec tHe igh t :  
u n s i g n e d   i n t   O f f s e t :  
D i  r t y R e c t a n g l e  * D i r t y P t r ;  
i f  (DrawWholeScreen) ( 

t o   t h e   s c r e e n .  */ 

/*  J u s t   c o p y   t h e   w h o l e   b u f f e r   t o   t h e   s c r e e n  * /  
DrawWholeScreen - 0: 
CopyRect (ScreenPt r .   Sys temBuf fe rPt r .  SCREEN-HEIGHT,  SCREEN-WIDTH. 

SCREEN-WIDTH.  SCREEN-WIDTH): 
I e l s e  { 

/ *  Copy o n l y   t h e   d i r t y   r e c t a n g l e s ,   i n   t h e   Y X - s o r t e d   o r d e r   i n   w h i c h  
t h e y ' r e   l i n k e d  */  
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D i  r t y P t r  - D i  r t yHead.   Nex t :  
f o r  (i - 0; i < NumDirtyRectangles:  i++) I 

/ *  O f f s e t   i n   b o t h   s y s t e m   b u f f e r  and  screen o f  image */ 
O f f s e t  - ( u n s i g n e d   i n t )   ( D i r t y P t r - > T o p  * SCREEN-WIDTH) + 

/*  D i m e n s i o n s   o f   d i r t y   r e c t a n g l e  */  
RectWidth - D i r t y P t r - > R i g h t  - D i r t y P t r - > L e f t :  
Rec tHe igh t  - D i r t y P t r - > B o t t o m  - D i r t y P t r - > T o p :  
/ *  Copy  a d i r t y   r e c t a n g l e  * /  
CopyRect(ScreenPtr  + O f f s e t ,   S y s t e m B u f f e r P t r  + O f f s e t .  

/ *  P o i n t   t o   t h e   n e x t   d i r t y   r e c t a n g l e  * /  
D i r t y P t r  - D i r t y P t r - > N e x t :  

D i r t y P t r - > L e f t ;  

RectHeight .   RectWidth.  SCREEN-WIDTH.  SCREEN-WIDTH): 

3 
3 

1 
/*  E r a s e   t h e   e n t i t i e s   i n   t h e   s y s t e m   b u f f e r  a t  t h e i r   c u r r e n t   l o c a t i o n s ,  

v o i d   E r a s e E n t i t i e s O  
u p d a t i n g   t h e   d i r t y   r e c t a n g l e   l i s t .  * /  

{ 
i n t  i; 
char  f a r  *RowPtr: 

f o r  (i - 0:  i < NUM-ENTITIES: i++) { 
/*  Remember t h e   d i r t y   r e c t a n g l e   i n f o   f o r   t h i s   e n t i t y  * /  
A d d D i r t y R e c t ( & E n t i t i e s [ i l ,  IMAGE-HEIGHT.  IMAGE-WIDTH); 
/ *  P o i n t   t o   t h e   d e s t i n a t i o n   i n   t h e   s y s t e m   b u f f e r  * /  
RowPtr - S y s t e m B u f f e r P t r  + ( E n t i t i e s C i 1 . Y  * SCREEN-WIDTH) + 

E n t i t i e s [ i l . X :  
/ *  C l e a r   t h e   r e c t a n g l e  * /  
F i l l R e c t ( R o w P t r .  IMAGELHEIGHT. IMAGE-WIDTH.  SCREEN-WIDTH. 0): 

I 
1 
/ *  Add a d i r t y   r e c t a n g l e   t o   t h e   l i s t .  The l i s t   i s   m a i n t a i n e d   i n   t o p - t o - b o t t o m ,  

l e f t - t o - r i g h t  ( Y X  s o r t e d )   o r d e r ,   w i t h  no p i x e l   e v e r   i n c l u d e d   t w i c e ,   t o   m i n i m i z e  
t h e  number o f   d i s p l a y  memory accesses  and t o   a v o i d   s c r e e n   a r t i f a c t s   r e s u l t i n g  
f r o m  a l a r g e   t i m e   i n t e r v a l   b e t w e e n   e r a s u r e  and  redraw f o r  a g i v e n   o b j e c t   o r  for 
a d j a c e n t   o b j e c t s .  The techn ique  used i s   t o  c h e c k   f o r   o v e r l a p   b e t w e e n   t h e  
r e c t a n g l e  and all r e c t a n g l e s   a l r e a d y   i n   t h e   l i s t .  I f  n o   o v e r l a p   i s   f o u n d ,   t h e  
r e c t a n g l e   i s  added t o   t h e   l i s t .  I f  o v e r l a p   i s   f o u n d ,   t h e   r e c t a n g l e   i s   b r o k e n  
i n t o   n o n o v e r l a p p i n g   p i e c e s ,  and t h e   p i e c e s   a r e  added t o   t h e   l i s t  b y   r e c u r s i v e  
c a l l s   t o   t h i s   f u n c t i o n .  * /  
v o i d   A d d D i r t y R e c t ( E n t i t y  * p E n t i t y ,   i n t   I m a g e H e i g h t .   i n t   I m a g e w i d t h )  

D i r t y R e c t a n g l e  * D i r t y P t r :  
D i  r t yRectang1 e * TempPtr; 
E n t i t y  TempEnti t y :  
i n t  i: 
i f  (NumDi r tyRectang les  >- MAX-DIRTY-RECTANGLES) { 

{ 

/ *  Too many d i r t y   r e c t a n g l e s :   j u s t   r e d r a w   t h e   w h o l e   s c r e e n  * /  
DrawWholeScreen - 1;  
r e t u r n :  

3 
/ *  Remember t h i s   d i r t y   r e c t a n g l e .   B r e a k  up i f  necessary t o   a v o i d  

o v e r l a p   w i t h   r e c t a n g l e s   a l r e a d y   i n   t h e   l i s t ,   t h e n  add  whatever 
r e c t a n g l e s   a r e   l e f t ,   i n  Y X  s o r t e d   o r d e r  * /  

/*  Check f o r   o v e r l a p   w i t h   e x i s t i n g   r e c t a n g l e s  */  
TempPtr - Di r tyHead.Next :  
f o r  (i - 0: i < NumDi r tyRectang les :  i++. TempPtr - TempPtr->Next)  I 

# i f d e f  CHECK-OVERLAP 
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i f  ( ( T e m p P t r - > L e f t  < ( p E n t i t y - > X  + Imagewid th) )  && 
(TempPt r ->Righ t  > p E n t i t y - > X )  && 
(TempPtr->Top < ( p E n t i t y - > Y  + ImageHeigh t ) )  & &  
(TempPtr->Bottom > p E n t i t y - > Y ) )  I 

/*  We've found an o v e r l a p p i n g   r e c t a n g l e .   C a l c u l a t e   t h e  
r e c t a n g l e s .  i f  a n y ,   r e m a i n i n g   a f t e r   s u b t r a c t i n g   o u t   t h e  
OVerlaDDed  areas.  and  add  them t o   t h e   d i r t r   l i s t  

/*  Check f o r  a n o n o v e r l a p p e d   l e f t   p o r t i o n  * /  
i f  ( T e m p P t r - > L e f t  > p E n t i t y - > X )  { 

/ *  T h e r e ' s   d e f i n i t e l y  a n o n o v e r l a p p e d   p o r t i o n  
it, b u t   o n l y   t o   a t   m o s t   t h e   t o p  and  bottom 
r e c t :   t o p  a n d   b o t t o m   s t r i p s   a r e   t a k e n   c a r e  

TempEntity.X - p E n t i t y - > X :  
TempEnt i ty.Y - max(pEnt i ty->Y,   TempPtr ->Top) :  
AddDirtyRect(&TempEntity. 

a t  
o f  
o f  

*/ 

t h e   l e f t ;  add 
the   ove r1   app i   ng  
below */  

m i n ( p E n t i t y - > Y  + ImageHeight.   TempPtr->Bottom) - 
TempEnt i ty.Y, 

TempPt r ->Lef t  - p E n t i t y - > X ) ;  
1 
/*  Check f o r  a n o n o v e r l a p p e d   r i g h t   p o r t i o n  * /  
i f  (TempPt r ->Righ t  < ( p E n t i t y - > X  + Imagewid th) )  I 

/*  T h e r e ' s   d e f i n i t e l y  a n o n o v e r l a p p e d   p o r t i o n   a t   t h e   r i g h t :  add 
i t , b u t   o n l y   t o   a t   m o s t   t h e   t o p   a n d   b o t t o m   o f   t h e   o v e r l a p p i n g  
r e c t ;   t o p  a n d   b o t t o m   s t r i p s   a r e   t a k e n   c a r e   o f   b e l o w  * /  

TempEnt i ty.X - TempPt r ->Righ t :  
TempEnt i ty.Y - max(pEnt i ty ->Y.   TempPt r ->Top) ;  
AddDirtyRect(&TempEntity. 

m i n ( p E n t i t y - > Y  + ImageHeight,   TempPtr->Bottom) - 
TempEnt i ty.Y. 
( p E n t i t y - > X  + Imagewid th)  - TempPt r ->Righ t ) :  

1 
/* Check f o r  a n o n o v e r l a p p e d   t o p   p o r t i o n  */ 
i f  (TempPtr->Top > p E n t i t y - > Y )  I 

/*  T h e r e ' s  a t o p   p o r t i o n   t h a t ' s   n o t   o v e r l a p p e d  * /  
TempEnt i ty.X - p E n t i t y - > X ;  
TempEnt i ty.Y - p E n t i t y - > Y ;  
AddDir tyRect(&TempEnt i ty .  TempPtr->Top - p E n t i t y - > Y .   I m a g e w i d t h ) ;  

1 
/* Check f o r  a n o n o v e r l a p p e d   b o t t o m   p o r t i o n  */ 
i f  (TempPtr->Bottom < ( p E n t i t y - > Y  + ImageHeigh t ) )  I 

/* T h e r e ' s  a b o t t o m   p o r t i o n   t h a t ' s   n o t   o v e r l a p p e d  */  
TempEnt i ty.X - p E n t i t y - > X ;  
TempEnt i ty.Y - TempPtr->Bottom; 
AddDir tyRect (&TempEnt i ty .  

1 
/*  We've  added a l l   n o n - o v e r l a p p e d   p o r t i o n s   t o   t h e   d i r t y   l i s t  * /  
r e t u r n ;  

( p E n t i t y - > Y  + ImageHeight)  - TempPtr ->Bot tom.  Imagewidth) :  

1 
1 

/*  T h e r e ' s   n o   o v e r l a p   w i t h   a n y   e x i s t i n g   r e c t a n g l e ,  so we can j u s t  
add t h i s   r e c t a n g l e   a s - i s  */ 

/*  F i n d   t h e   Y X - s o r t e d   i n s e r t i o n   p o i n t .   S e a r c h e s  will a l w a y s   t e r m i n a t e ,  
b e c a u s e   t h e   h e a d / t a i l   r e c t a n g l e   i s   s e t   t o   t h e  maximum v a l u e s  */  

TempPtr - &Di r tyHead;  
w h i l e   ( ( ( D i r t y R e c t a n g l e   * ) T e m p P t r - > N e x t ) - > T o p  < p E n t i t y - > Y )  I 

1 

# e n d i f  / *  CHECK-OVERLAP * /  

TempPtr - TempPtr->Next:  
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w h i l e   ( ( ( ( D i r t y R e c t a n g l e   * ) T e m p P t r - > N e x t ) - > T o p  -- p E n t i t y - > Y )  && 
( ( ( D i r t y R e c t a n g l e   * ) T e m p P t r - > N e x t ) - > L e f t  < p E n t i t y - > X ) )  { 

TempPtr - TempPtr->Next: 
I 
/*  S e t   t h e   r e c t a n g l e   a n d   a c t u a l l y   a d d  i t  t o   t h e   d i r t y   l i s t  * /  
D i  r t yP t r  - &Di   r tyRectang1 es[NumDi r tyRectangles++l  : 
D i r t y P t r - > L e f t  - p E n t i t y - > X :  
D i r t y P t r - > T o p  - p E n t i t y - > Y :  
D i r t y P t r - > R i g h t  - p E n t i t y - > X  + Imagewidth;  
D i r t y P t r - > B o t t o m  - p E n t i t y - > Y  + ImageHeight ;  
D i r t y P t r - > N e x t  - TempPtr->Next; 
TempPtr->Next - DirtyPtr: 

1 

LISTING 46.2  L46-2.ASM 
: A s s e m b l y   l a n g u a g e   h e l p e r   r o u t i n e s   f o r   d i r t y   r e c t a n g l e   a n i m a t i o n .   T e s t e d   w i t h  
: TASM. 
: F i l l s  a r e c t a n g l e   i n   t h e   s p e c i f i e d   b u f f e r .  
: C - c a l l a b l e   a s :  
: v o i d   F i l l R e c t ( c h a r   f a r  * B u f f e r P t r .   i n t   R e c t H e i a h t .   i n t   R e c t W i d t h .  

.model 

.code 
parms s t r u c  

B u f f e r P t r  
Rec tHe igh t  
RectWidth 
B u f f e r w i d t h  
C o l o r  
parms  ends 

- F i  11  Rect 
pub1 i c 

c l  d 
push 
mov 
push 

1 es 
mov 
mov 
sub 

mov 
mov 

mov 
s h r  
r e p  
adc 

add 
dec 
j n z  

POP 
POP 
r e t  

RowLoop: 

r e p  

-Fi  11  Rect  endp 

i n t   B u f f e r w i d t h .   i n t   C o l o r ) :  

smal 1 

dw ? 
dw ? 
dd ? 
dw ? 
dw ? 
dw ? 
dw ? 

;pushed BP 
:pushed r e t u r n   a d d r e s s  
: f a r   p o i n t e r   t o   b u f f e r   i n   w h i c h   t o  fill 
; h e i g h t   o f   r e c t a n g l e   t o  fill 
: w i d t h   o f   r e c t a n g l e   t o  fill 
; w i d t h   o f   b u f f e r   i n   w h i c h   t o  fill 
; c o l o r   w i t h   w h i c h   t o  fill 

- Fi   11   Rec t  
p roc   near  

bp 
bp.sp 
d i  

d i . [ b p + B u f f e r P t r l  
dx. [bp+RectHeight l  
bx , [bp+Bu f fe rWid th l  
bx .Cbp+Rec tWid th l   ; d i s tance   f rom  end   o f   one   des t   scan  

a l . b y t e   p t r   [ b p + C o l o r l  
a h . a l   ; d o u b l e   t h e   c o l o r   f o r  REP STOSW 

cx. [bp+RectWidth l  
cx .1  
s tosw 
c x ,   c x  
s t o s b  
d i   . b x  
dx 
RowLoop 

d i  

: t o   s t a r t   o f   n e x t  

bP 

: p o i n t   t o   n e x t   s c a n   t o  fill 
:count  down rows t o  fill 
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parmse   s t ruc  

B u f f e r P t r 2  
P i x e l s  
Mask 
ImageHeight 
Imagewid th  
B u f f e r W i d t h E  
parmse  ends 

pub1 i c  
-DrawMasked 

c l  d 
push 
mov 
push 
push 

1 es 
mov 
mov 
mov 
mov 
sub 
mov 

RowLoopZ: 
mov 

ColumnLoop: 
1 odsb 
and 
j z  
mov 
mov 

i nc 
i nc 
dec 
j n z  
add 
dec 
j n z  

POP 
POP 
POP 
r e t  

JrawMasked 

S k i p P i x e l  : 

; Draws a m a s k e d   i m a g e   ( a   s p r i t e )   t o   t h e   s p e c i f i e d   b u f f e r .  C - c a l l a b l e   a s :  
: vo id   DrawMasked(char   fa r  * B u f f e r P t r .   c h a r  * P i x e l s ,  c h a r  * Mask, 

i n t  ImageHeight,  i n t  Imagewidth.  i n t   B u f f e r w i d t h ) :  

dw ? 
dw ? 
dd ? 
dw ? 
dw ? 
dw ? 
dw ? 
dw ? 

;pushed BP 
;pushed  re tu rn   address  
; f a r   p o i n t e r   t o   b u f f e r   i n   w h i c h   t o   d r a w  
; p o i n t e r   t o   i m a g e   p i x e l s  
; p o i n t e r   t o   i m a g e  mask 
; h e i g h t   o f   i m a g e   t o   d r a w  
; w i d t h  o f  image t o  draw 
: w i d t h   o f   b u f f e r   i n   w h i c h   t o   d r a w  

JrawMasked 
p roc   nea r  

bp 
bp.  sp 
s i  
d i  

d i   . [ b p + B u f f e r P t r E ]  
s i  .[bp+Mask] 
b x . [ b p + P i x e l s l  
dx. [bp+ImageHeight l  
ax . [bp+Buf fe rWid thEI  
ax.[bp+ImageWidth] 
[bp+Buf fe rWid thZ l .ax  

cx.[bp+ImageWidthl 

a1  .a1 
S k i p P i x e l  
a1 . Cbxl 
e s : [ d i l . a l  

bx 
d i  

Col umnLoop 
d i . [ b p + B u f f e r W i d t h Z l  
dx 
RowLoopZ 

d i  
s i  

c x  

bp 

endp 

:d is tance  f rom  end  o f   one  des t   scan 
; t o   s t a r t   o f   n e x t  

: g e t   t h e   n e x t  mask b y t e  
:draw t h i s   p i x e l ?  
;no 
; y e s .   d r a w   t h e   p i x e l  

; p o i n t   t o   n e x t   s o u r c e   p i x e l  
; p o i n t   t o   n e x t   d e s t   p i x e l  

: p o i n t   t o   n e x t   s c a n   t o  fill 
;count down rows t o  fill 

; Copies a r e c t a n g l e   f r o m  one b u f f e r   t o   a n o t h e r .  C - c a l l a b l e   a s :  
; v o i d   C o p y R e c t ( D e s t B u f f e r P t r .   S r c B u f f e r P t r .  CopyHeight.   Copywidth.  

Oes tBu f fe rWid th .   S rcBu f fe rWid th ) :  

pa rms3   s t ruc  
dw ? ;pushed BP 
dw ? ;pushed r e t u r n   a d d r e s s  

D e s t B u f f e r P t r   d d  ? ; f a r   p o i n t e r   t o   b u f f e r   t o   w h i c h   t o   c o p y  
S r c B u f f e r P t r   d d  ? ; f a r   p o i n t e r   t o   b u f f e r   f r o m   w h i c h   t o   c o p y  
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CopyHeight dw ? ; h e i g h t   o f   r e c t   t o   c o p y  
Copywidth dw ? ; w i d t h   o f   r e c t   t o   c o p y  
D e s t B u f f e r W i d t h  dw ? ; w i d t h   o f   b u f f e r  t o  w h i c h   t o   c o p y  
S r c B u f f e r W i d t h  
parms3  ends 

pub1 i c 
- CopyRect 

c l  d 
push 
mov 
push 
push 
push 

1 es 
I d s  
mov 
mov 
sub 
mov 
sub 

mov 
s h r  

adc 
r e p  
add 
add 
dec 
j n z  

POP 
POP 
POP 
POP 
r e t  

end 

RowLoop3: 

r e p  

JopyRect 

Masked 

dw ? : w i d t h   o f   b u f f e r   f r o m   w h i c h   t o   c o p y  

_CopyRect 
p roc   nea r  

d i . [ b p + D e s t B u f f e r P t r ]  
s i . [ b p + S r c B u f f e r P t r ]  
dx. [bp+CopyHeight l  
bx , [bp+DestBuf fe rWid th l   :d is tance  f rom  end o f  one des t   scan 
bx.Cbp+CopyWidthl : o f   c o p y   t o   t h e   n e x t  
ax . [bp+SrcBuf fe rWid th l   :d is tance  f rom  end  o f   one  source   scan 
ax.Cbp+CopyWidthl ; o f  copy t o   t h e   n e x t  

cx. [bp+CopyWidthl  :# o f   b y t e s   t o   c o p y  
cx.1 
movsw :copy  as many words   as   poss ib le  
cx , c x  
movsb  :copy  odd b y t e ,  i f  any 
s i  , a x   : p o i n t   t o   n e x t   s o u r c e   s c a n   l i n e  
d i  , bx 
dx 
RowLoop3 

ds 
d i  
s i  

: p o i n t   t o   n e x t   d e s t   s c a n   l i n e  
:count  down rows t o  fill 

bP 

endp 

Images 
Masked  images are  rendered by drawing an object’s pixels through a mask;  pixels 
are actually drawn only where the mask specifies that drawing is  allowed. This makes 
it possible to draw nonrectangular objects that  don’t improperly interfere with one 
another when  they overlap. Masked images also  make it possible  to  have transparent 
areas (windows)  within objects. Masked images produce far more realistic animation 
than do rectangular images, and therefore are  more desirable. Unfortunately, masked 
images are also considerably slower  to  draw-however, a good assembly language 
implementation can go a long way toward  making  masked images draw rapidly 
enough, as illustrated by this chapter’s code. (Masked  images are also  known  as spdes; 
some video hardware supports sprites directly, but on the PC it’s  necessary to handle 
sprites in software.) 
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Masked images make it possible to render scenes so that a given image convincingly 
appears  to  be  in  front of or  behind  other images; that is, so images are displayed in z- 
order (by distance). By consistently drawing images that  are  supposed to be  farther 
away before drawing nearer images, the  nearer images will appear  in  front of the 
other images, and because masked images draw  only  precisely the correct pixels (as 
opposed to blank pixels in the  bounding  rectangle), there’s no interference between 
overlapping images to destroy the illusion. 
In this chapter, I’ve used the  approach of having separate,  paired masks and images. 
Another, quite  different  approach to masking is to specify a transparent  color  for 
copying, and copy only those pixels that are  not  the transparent color. This has the 
advantage of not requiring  separate mask data, so it’s more compact, and  the code 
to implement this is a little less  complex than the full masking I’ve implemented. On 
the  other  hand,  the  transparent color approach is  less flexible because it makes one 
color undrawable. Also, with a transparent color, it’s not possible to keep the same 
base image but use different masks, because the mask information is embedded  in 
the image data. 

Internal Animation 
I’ve added  another feature essential to producing convincing animation: internal 
animation, which  is the process of changing the  appearance of a given object over 
time, as distinguished from  changing only the locution of a given object. Internal 
animation makes images look active and alive.  I’ve implemented  the simplest pos- 
sible form of internal animation in Listing  46.1-alternation  between two images-but 
even  this  level  of internal animation greatly  improves the feel of the overall animation. 
You could easily increase the number of  images  cycled through, simply  by increasing the 
value of InternalAnimateMax for a given  entity. You could also implement  more com- 
plex  image-selection  logic  to  produce  more  interesting and less predictable 
internal-animation effects, such as jumping,  ducking,  running, and  the like. 

Dirty-Rectangle  Management 
As mentioned above, dirty-rectangle animation makes it possible to access  display 
memory a minimum number of times. The previous chapter’s code  didn’t do any of 
that; instead, it  copied all portions of  every dirty rectangle to the screen, regardless 
of overlap between rectangles. The code I’ve presented  in this chapter goes to the 
other extreme, taking great pains never to  draw overlapped portions of rectangles 
more  than  once.  This is accomplished by checking for overlap whenever a rectangle 
is to be  added to the dirty list.  When overlap with an existing rectangle is detected, 
the new rectangle is reduced to between zero and  four nonoverlapping rectangles. 
Those rectangles are  then again considered  for  addition to the dirty list, and may 
again be  reduced, if additional overlap is detected. 
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A good deal of code is required to generate  a fully nonoverlapped dirty list. Is it 
worth it? It certainly can be, but  in  the case  of  Listing 46.1, probably not. For one 
thing, you’d need larger, heavily overlapped objects for this approach to pay  off big. 
Besides, this program is mostly in C, and spends  a  lot of time doing things other  than 
actually  accessing  display  memory. It also  takes a fair amount of time just to generate 
the nonoverlapped list; the overhead of all the  looping, intersecting, and calling 
required to generate  the list eats up a lot of the benefits of accessing  display  memory 
less often. Nonetheless, fully nonoverlapped drawing can be useful under  the right 
circumstances, and I’ve implemented it in Listing 46.1 so you’ll  have something to 
refer to should you decide to go this route. 
There  are  a  couple of additional  techniques you might try if you  want to wring  maxi- 
mum performance  out of dirty-rectangle animation. You could try coalescing 
rectangles as you generate  the dirty-rectangle list. That is, you could  detect pairs of 
rectangles that can be joined together  into  larger rectangles, so that fewer, larger 
rectangles would  have to be copied. This would boost the efficiency of the low-level 
copying code, albeit at the cost of some cycles in the dirty-list management  code. 
You might also  try taking advantage of the  natural  coherence of animated graphics 
screens. In particular, because the rectangle used to erase an image at its old loca- 
tion often overlaps the rectangle within  which the image resides at its new location, 
you could just directly generate  the two or  three nonoverlapped rectangles required 
to copy both  the erase rectangle and  the new-image rectangle for any single moving 
image. The calculation of these rectangles could be  very efficient, given that you 
know in advance the direction of motion of your images. Handling this particular 
overlap case  would eliminate most overlapped drawing, at a minimal cost. You might 
then  decide to ignore overlapped drawing between different images, which tends  to 
be both less common and  more expensive to identify and handle. 

Drawing Order and  Visual  Quality 
A final note on dirty-rectangle animation  concerns the quality of the displayed screen 
image. In  the last chapter, we simply stuffed dirty rectangles into  a list in  the  order 
they  became  dirty, and  then copied all of the rectangles in that same order.  Unfortu- 
nately,  this caused all of the erase rectangles to be copied first, followed by all of the 
rectangles of the images at their new locations. Consequently, there was a significant 
delay between the  appearance of the erase rectangle for  a given image and  the ap- 
pearance of the new rectangle. A byproduct was the fact that a partially  complete-part 
old,  part new-image  was visible long  enough to be noticed.  In  short,  although  the 
pixels ended  up correct, they  were in an  intermediate,  incorrect state for  a sufficient 
period of time to  make the  animation look wrong. 
This violated a  fundamental  rule of animation: No pixel should ever be displuyed in a 
perceptibZy incorrect state. To correct  the  problem, I’ve sorted  the dirty rectangles first 
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by Y coordinate,  and secondly by X coordinate.  This means the screen updates  from 
the top down, and from  left  to  right, so the several  nonoverlapping  rectangles  copied to 
draw a given image should  be drawn nearly simultaneously.  Run the  code  from  the 
last chapter  and  then this chapter; you’ll see quite  a  difference  in  appearance. 
Avoid the  trap of thinking  animation is merely a  matter of drawing the  right pixels, 
one after another. Animation is the art of  drawing the rightpwls at  the  right  times so that 
the eye and  brain see  what you want them to see. Animation is a  lot  more challeng- 
ing  than merely cranking out pixels, and  it  sure as heck isn’t a purely linear process. 
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