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reading vga memory



s 0 and 1, and the Color Don‘t 

Well, it’s taken five but we’ve finally covered the data write path  and all 
four write modes o ow it’s time to tackle the VGA’s two read modes. 

mplex as the write modes, they’re nothing to sneeze 
known  as color compare mode) is rather  unusual 

ogramming  the VGA straightforward? 
es  of VGA programming is what this part 

Read Mode 0‘ 
Read mode 0 is actually  relatively uncomplicated, given that you understand  the 
four-plane  nature of the VGA. (If you don’t  understand  the four-plane nature of the 
VGA, I strongly urge you to read  Chapters 23-27 before  continuing with  this chap- 
ter.) Read mode 0, the  read  mode  counterpart of write mode 0, lets you read  from 
one  (and only one) plane of VGA memory at any one time. 
Read mode 0 is selected by setting  bit 3 of the Graphics Mode register (Graphics 
Controller register 5 )  to 0. When read  mode 0 is active, the plane  that supplies the 
data when the CPU reads VGA memory is the  plane selected by bits 1 and 0 of the 
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Read  Map register (Graphics  Controller  register 4). When the Read  Map register is 
set to 0, CPU reads  come  from  plane 0 (the plane  that normally contains  blue pixel 
data). When  the Read  Map register is set to 1, CPU reads  come  from  plane 1; when 
the Read Map register is 2, CPU reads  come  from  plane 2; and when the Read  Map 
register is 3, CPU reads  come  from  plane 3. 
That all  seems simple enough;  in  read  mode 0, the Read Map register acts as a selec- 
tor  among  the  four planes, determining which one of the planes will supply the 
value returned to the CPU. There is a slight complication, however, in  that  the value 
written to the Read Map register in order to read from a given plane is not  the same 
as the value written to the Map  Mask register (Sequence  Controller register 2) in 
order to write to that  plane. 
Why  is that? Well, in read  mode 0, one  and only one plane can  be read  at  a time, so 
there  are only four possible settings of the Read Map register: 0, 1, 2, or 3, to select 
reads  from  plane 0, 1, 2, or 3. In write mode 0, by contrast  (in fact, in any  write 
mode), any or all planes may be written to at  once, since the byte written by the CPU 
can  “fan out” to multiple  planes. Consequently, there  are  not  four  but sixteen pos- 
sible settings of the Map  Mask register. The setting of the Map  Mask register  to write 
only to plane 0 is 1; to  write  only to plane 1 is 2; to write  only to plane 2 is 4; and to 
write  only to  plane 3 is 8. 
As you  can see, the settings of the Read Map and Map Mask registers for accessing a 
given plane  don’t  match. The code  in Listing  28.1 illustrates this. Listing  28.1  simply 
copies a  sixteencolor image  from  system  memory  to VGA memory, one plane at  a time, 
then  animates by repeatedly copying the image back to system  memory, again one 
plane at a time, clearing  the  old image, and copying the image to  a new location  in 
VGA memory.  Note the differing settings of the Read Map and Map  Mask registers. 

LISTING 28.1  128- 1 .ASM 
; Program t o   i l l u s t r a t e   t h e  use o f  t h e  Read Map r e g i s t e r   i n   r e a d  mode 0. 
; Animates   by   copy ing   a   16-Co lOr   image  f rom VGA memory t o  system  memory. 
; one p l a n e   a t   a   t i m e ,   t h e n   c o p y i n g   t h e   i m a g e   b a c k   t o   a  new l o c a t i o n  
: i n  VGA memory. 

: By Michae l   Abrash 

s tack   segmen t   word   s tack  ‘STACK’ 

s tack   ends  
db 512 dup ( ? )  

data  segment  
IMAGE-WIDTHEQU 
IMAGELHEIGHT 
LEFT-BOUND EQU 
RIGHT-BOUNDEOU 
VGA-SEGMENTEQU 
SCREEN-WIDTH 
SC-INDEX EQU 
GC-INDEX EQU 

word ‘DATA‘ 
4 
EQU 32 
10 
66 
OaOOOh 
EQU 80 ; i n   b y t e s  
3 c 4 h   ; S e q u e n c e   C o n t r o l l e r   I n d e x   r e g i s t e r  
3 c e h   ; G r a p h i c s   C o n t r o l l e r   I n d e x   r e g i s t e r  

; i n   b y t e s  

; i n   b y t e s  
; i n   b y t e s  

: i n   p i x e l s  
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MAP-MASK EOU 2 :Map Mask r e g i s t e r   i n d e x   i n  SC 
READ-MAP EQU 4 :Read Map r e g i s t e r   i n d e x   i n  GC 

: B a s e   p a t t e r n   f o r   1 6 - C O l O r   i m a g e .  

P a t t e r n P l a n e O   l a b e l   b y t e  

P a t t e r n P l   a n e l  1 a b e l   b y t e  

Pa t te rnP l   ane2  1 a b e l   b y t e  

Pa t te rnP l   ane3  1 a b e l   b y t e  

db  32  dup  (Offh,Offh.O.O) 

db  32  dup  (Offh.O.Offh.0) 

db  32  dup  (OfOh.OfOh.OfOh.OfOh) 

db  32  dup  (0cch.Occh.Occh.Occh) 

: T e m p o r a r y   s t o r a g e   f o r   1 6 - c o l o r   i m a g e   d u r i n g   a n i m a t i o n .  

ImagePlaneOdb 32*4 d u p  ( ? I  
ImagePl   anel   db 32*4  dup ( ? I  
ImagePlaneZdb 32*4  dup ( ? )  
ImagePlane3  db 32*4  dup ( ? )  

: C u r r e n t   i m a g e   l o c a t i o n  & d i r e c t i o n .  

ImageX dw 4 0   : i n   b y t e s  
ImageY dw 100 : i n   p i x e l s  
ImageXDi r e c t i o n  dw 1 : i n   b y t e s  
data  ends 

code  segment  word ' C O D E '  
assume cs :code,ds :da ta  

S t a r t   p r o c   n e a r  
c l  d 
mov ax .da ta  
mov ds .ax  

: S e l e c t   g r a p h i c s  mode 10h. 

mov 
i n t  

: Draw t h e  

mov 
c a l l  

ax, lOh 
10h 

i n i t i a l  image 

s i   . o f f s e t   P a t t e r n P l a n e O  
DrawImage 

: Loop t o   a n i m a t e   b y   c o p y i n g   t h e   i m a g e   f r o m  VGA memory t o  system  memory, 
: e r a s i n g   t h e   i m a g e ,   a n d   c o p y i n g   t h e   i m a g e   f r o m   s y s t e m  memory t o  a  new 
: l o c a t i o n  i n  VGA memory.  Ends when a key i s   h i t .  

AnimateLoop: 

: Copy t h e   i m a g e   f r o m  VGA memory t o   s y s t e m  memory 

mov d i   . o f f s e t  ImagePlaneO 
c a l l  GetImage 

: C l e a r   t h e   i m a g e   f r o m  V G A  memory. 

c a l l  EraseImage 
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: Advance  the  image X c o o r d i n a t e ,   r e v e r s i n g   d i r e c t i o n  if e i t h e r  edge 
: o f   t h e   s c r e e n   h a s   b e e n   r e a c h e d .  

mov ax,CImageX] 
cmp  ax.LEFT-BOUND 
j z  R e v e r s e D i r e c t i o n  
cmp  ax.RIGHT-BOUND 
j n z  SetNewX 

neg  CImageXDi rec t ion ]  

add  ax.CImageXDirect ion]  
mov CImageX1.a~ 

R e v e r s e D i r e c t i o n :  

SetNewX: 

: Draw the   image   by   copy ing  i t  f r o m   s y s t e m  memory t o  VGA memory. 

mov s i . o f f s e t  ImagePlaneO 
c a l l  DrawImage 

: S l o w   t h i n g s  down a b i t   f o r   v i s i b i l i t y   ( a d j u s t  as  needed). 

mov c x . 0  

1 oop  Delay  Loop 
Del  ayLoop: 

: See if a key  has  been h i t ,   e n d i n g   t h e   p r o g r a m .  

mov ah .1  
i n t  16h 
j z  AnimateLoop 

: C l e a r   t h e   k e y .   r e t u r n   t o   t e x t  mode,  and r e t u r n   t o  00s. 

sub ah.ah 
i n t  16h 
mov ax.3 
i n t  10h 
mov ah.4ch 
i n t  21h 

S t a r t  endp 

: Draws t h e   i m a g e   a t   o f f s e t  DS:SI t o   t h e   c u r r e n t  i m a g e   l o c a t i o n   i n  
: VGA memory. 

DrawImage  proc  near  
mov  ax,VGA-SEGMENT 
mov es,ax 
c a l l   G e t I m a g e O f f s e t  : E S : D I  i s   t h e   d e s t i n a t i o n   a d d r e s s   f o r   t h e  

mov dx  , SC-I NDEX 
mov a l . l  : do   p lane  0 f i r s t  

push d i  : image i s  drawn a t   t h e  same o f f s e t   i n  

p u s h   a x   : p r e s e r v e   p l a n e   s e l e c t  
mov a1 .MAP-MASK :Map Mask i n d e x  
o u t   d x . a l   : p o i n t  SC I n d e x   t o   t h e  Map Mask r e g i s t e r  
POP a x   ; g e t   b a c k   p l a n e   s e l e c t  
i n c   d x   : p o i n t   t o  SC i n d e x   r e g i s t e r  

: image i n  VGA memory 

DrawImagePlaneLoop: 

: each  p lane 
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o u t   d x . a l   ; s e t   u p   t h e  Map Mask t o   a l l o w   w r i t e s   t o  
; t h e   p l a n e   o f   i n t e r e s t  

d e c   d x   ; p o i n t   b a c k   t o  SC D a t a   r e g i s t e r  
mov bx.IMAGE-HEIGHT ;# o f   s c a n   l i n e s   i n   i m a g e  

mov cx.IMAGE-WIDTH ;# o f   b y t e s   a c r o s s   i m a g e  
rep  movsb 
add di.SCREEN-WIDTH-IMAGE-WIDTH 

dec  bx  ;any  more  scan  l ines? 
j n z  DrawImageLoop 
pop d i   : g e t   b a c k   i m a g e   s t a r t   o f f s e t   i n  VGA memory 
s h l  a1 . I  :Map Mask s e t t i n g   f o r   n e x t   p l a n e  

DrawImageLoop: 

: p o i n t   t o   n e x t   s c a n   l i n e   o f   i m a g e  

CmD a l .10h  ;have we done a l l   f o u r   o l a n e s ?  
jnz  DrawImagePlaneLoop 
r e t  

DrawImage  endp 

; C o p i e s   t h e   i m a g e   f r o m   i t s   c u r r e n t   l o c a t i o n   i n  
; b u f f e r   a t  D S : D I .  

GetImage 
mov 
c a l l  
xchg 
push 
POP 
mov 
mov 

mov 
sub 

p r o c   n e a r  
s i   . d i  :move d e s t i n a t i o n   o f f s e t  

VGA memory i n t o   t h e  

i n t o  S I  
Ge t ImageOf fse t  : D I  i s   o f f s e t   o f  image i n  VGA memory 
s i . d i  ;SI i s   o f f s e t   o f  image.  01 i s   d e s t i n a t i o n   o f f s e t  
ds 
es ; E S : D I  i s   d e s t i n a t i o n  
ax.VGA-SEGMENT 
ds  ,ax ; D S : S I  i s   s o u r c e  

dx.GC-INDEX 
a1 .a1  :do  p lane 0 f i r s t  

GetImagePlaneLoop: 
push s i  ; image comes f r o m  same o f f s e t   i n  each   p lane  
p u s h   a x   ; p r e s e r v e   p l a n e   s e l e c t  
mov a1,READ”AP;Read Map i n d e x  
o u t   d x . a l   : p o i n t  GC I n d e x   t o  Read Map r e g i s t e r  

i n c   d x   ; p o i n t   t o  GC I n d e x   r e g i s t e r  
o u t   d x . a l   ; s e t   u p   t h e  Read Map t o   s e l e c t   r e a d s   f r o m  

; t h e   p l a n e   o f   i n t e r e s t  
d e c   d x   ; p o i n t   b a c k   t o  GC d a t a   r e g i s t e r  
mov bx,IMAGE-HEIGHT ; C  o f   s c a n   l i n e s   i n   i m a g e  

mov cx.IMAGE-WIDTH ;# o f   b y t e s   a c r o s s   i m a g e  
rep  movsb 
add si.SCREEN-WIDTH-IMAGE-WIDTH 

dec  bx   ;any   more   scan  l ines? 
jnz  Get ImageLoop 
pop s i   ; g e t   b a c k   i m a g e   s t a r t   o f f s e t  
i n c  a1 ;Read Map s e t t i n g   f o r   n e x t   p l a n e  
cmp a l .4   : have  we done a l l   f o u r   p l a n e s ?  
jnz   Ge t ImageP laneLoop  
push  es 
POP ds ; r e s t o r e   o r i g i n a l  DS 
r e t  

GetImage  endp 

; Erases   the   image a t  i t s   c u r r e n t   l o c a t i o n .  

POP a x   ; g e t   b a c k   p l a n e   s e l e c t  

GetImageLoop: 

; p o i n t   t o   n e x t   s c a n   l i n e   o f   i m a g e  
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EraseImage  proc  near  
mov dx.SC_INDEX 
mov a1 .MAP-MASK 
o u t   d x , a l  
i n c   d x  
mov a1 .Ofh 
o u t   d x . a l  

: p o i n t  SC I n d e x   t o   t h e  Map Mask r e g i s t e r  
; p o i n t   t o  SC D a t a   r e g i s t e r  

: s e t   u p   t h e  Map Mask t o   a l l o w   w r i t e s   t o   g o   t o  
: a l l  4 p l a n e s  

mov  ax.VGALSEGMENT 
mov es .ax  
C a l l   G e t I m a g e O f f s e t   : E S : D I   p o i n t s   t o   t h e   s t a r t   a d d r e s s  

sub  a1,al  : e r a s e   w i t h   z e r o s  
mov bx.IMAGE-HEIGHT ;# o f   s c a n   l i n e s   i n  image 

; o f   t h e  image 

EraseImageLooD: 
mov 
r e p  
add 

dec 
j nz  
r e t  

EraseImage 

cX.IMAGE-WIDTH :# of   by tes   ac ross   image  
s t o s b  
di.SCREEN-WIDTH-IMAGE-WIDTH 

bx   : any   more   scan   l i nes?  
EraseImageLoop 

endp 

; p o i n t   t o   n e x t   s c a n   l i n e   o f   i m a g e  

: R e t u r n s   t h e   c u r r e n t   o f f s e t   o f   t h e   i m a g e   i n   t h e  VGA segment i n  DI. 

Get ImageOf fse t   p roc   nea r  
mov  ax,SCREEN_WIDTH 
mu1 [ ImageY 1 
add  ax.[lmageX] 
mov d i  ,ax 
r e t  

Get ImageOffset   endp 
code  ends 

e n d   S t a r t  

By the way, the code in  Listing 28.1 is intended only  to  illustrate  read mode 0, and  is, 
in general,  a  poor way to  perform  animation,  since it's slow and  tends  to  flicker. 
Later  in  this book, we'll take a  look at some far better VGA animation  techniques. 
As you'd expect, neither  the  read  mode  nor  the  setting of the  Read  Map register 
affects CPU Wmtes to VGA memory  in  any  way. 

An important point regarding reading VGA memory involves the VGA 5. latches. P (Remember that each of  the four latches stores a byte for one plane; on CPU 
writes, the latches can provide some or all of the data written to display memory, 
allowing fast copying and eflcient  pixel masking.) Whenever the CPU reads a 
given address in VGA memory, each of  the four latches is loaded with the contents 
of the byte at that address in its respective plane. Even though the CPU only re- 
ceives data from one  plane in read mode 0, all four planes are always read, and 
the values read  are stored in the latches. This is true in read mode I as well. In 
short, whenever the CPUreads VGA memory in any read mode, all fourplanes are 
read  and all four latches are always loaded. 
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Read Mode 1 
Read mode 0 is the workhorse read  mode,  but it’s got an annoying limitation: When- 
ever  you  want to determine  the color of a given pixel in  read  mode 0, you  have to 
perform four VGA memory reads, one for each plane, and  then  interpret  the  four 
bytes  you’ve read as eight 16-color  pixels. That’s a  lot of programming. The code is 
also  likely  to run slowly, all the  more so because a  standard IBM  VGA takes an aver- 
age of 1.1 microseconds  to complete each memory read, and read mode 0 requires 
four  reads  in order to read  the  four planes, not to mention  the even greater  amount 
of time taken by the OUTS required to  switch between the planes. (1.1 microseconds 
may not sound like much, but  on a 66MHz  486, it’s 73 clock  cycles!  Local-bus VGAs 
can be a good deal faster, but a read  from  the fastest  local-bus adapter I’ve  yet seen 
would  still  cost in  the  neighborhood of 10 486/66 cycles.) 
Read mode 1, also  known  as color compare  mode, provides special hardware assistance 
for  determining  whether  a pixel is a given  color.  With a single read  mode 1 read, you 
can determine  whether  each of up to eight pixels  is a specific  color, and you can 
even  specify  any or all planes as “don’t  care” planes in the pixel color comparison. 
Read mode 1 is selected by setting bit 3 of the Graphics Mode register (Graphics 
Controller register 5 )  to 1. In its simplest form,  read  mode 1 compares the cross- 
plane value  of each of the  eight pixels at a given address to the color value in bits 3-0 
of the Color Compare register (Graphics Controller register 2), and  returns  a 1 to 
the CPU in the bit position of each pixel that matches the color in the Color Com- 
pare register and a 0 for each pixel that does not match. 
That’s certainly interesting,  but what’s read  mode 1 good  for? One obvious applica- 
tion is in  implementing flood-fill algorithms, since read  mode 1 makes it easy to tell 
when a given  byte contains  a pixel  of a  boundary color. Another application is in 
detecting on-screen object collisions,  as illustrated by the  code in Listing 28.2. 

LISTING 28.2 128-2.ASM 
: Program t o   i l l u s t r a t e   u s e  o f  r e a d  mode 1 (co lo r   compare   mode)  
: t o   d e t e c t   c o l l i s i o n s   i n   d i s p l a y  memory.  Draws a y e l l o w   l i n e   o n  a 
; b l u e   b a c k g r o u n d ,   t h e n   d r a w s   a   p e r p e n d i c u l a r   g r e e n   l i n e   u n t i l   t h e  
: y e l l o w   l i n e  i s  reached. 

; By Michael   Abrash 

s tack   segmen t   word   s tack  ‘STACK’ 

s tack   ends  
db 512 dup ( ? )  

VGA-SEGMENT EQU 
SCREEN-WIDTH 
GC- INDEX EQU 
SETLRESET  EQU 
ENABLE-SETLRESET EQU 
COLOR-COMPARE 
GRAPHICS-MODE 
B I TLMAS K EQU 

OaOOOh 
EQU 80 
3ceh 
0 
1 
EQU 2 
EQU 5 
8 

;in b y t e s  
: G r a p h i c s   C o n t r o l l e r   I n d e x   r e g i s t e r  
: S e t / R e s e t   r e g i s t e r   i n d e x   i n  GC 
: E n a b l e   S e t / R e s e t   r e g i s t e r   i n d e x   i n  GC 
; C o l o r   C o m p a r e   r e g i s t e r   i n d e x   i n  GC 
;Graph ics  Mode r e g i s t e r   i n d e x  i n  GC 
; B i t  Mask r e g i s t e r   i n d e x   i n  GC 
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code  segment  word ' C O D E '  
assume cs:   code 

S t a r t   p r o c   n e a r  
c l  d 

; S e l e c t   g r a p h i c s  mode 10h. 

mov ax, lOh 
i n t  10h 

; F i l l   t h e   s c r e e n   w i t h   b l u e .  

mov a l . l   ; b l u e   i s   c o l o r  1 
C a l l   S e l e c t S e t R e s e t C o l o r   : s e t   t o   d r a w   i n   b l u e  
mov  ax.VGA-SEGMENT 
mov es.ax 
s u b   d i . d i  
mov cx,   7000h 
r e p   s t o s b   : t h e   v a l u e   w r i t t e n   a c t u a l l y   d o e s n ' t  

; m a t t e r ,   s i n c e   s e t / r e s e t   i s   p r o v i d i n g  
; t h e   d a t a   w r i t t e n   t o   d i s p l a y  memory 

: Draw  a v e r t i c a l   y e l l o w   l i n e .  

mov a l . 1 4   ; y e l l o w   i s   c o l o r   1 4  

mov dx,GC-INDEX 
c a l l   S e l e c t S e t R e s e t C o l o r   : s e t   t o   d r a w   i n   y e l l o w  

mov a1 .BIT-MASK 
o u t   d x . a l   ; p o i n t  GC I n d e x   t o  B i t  Mask 
i n c   d x   ; p o i n t   t o  GC D a t a  
mov a l . 1 0 h  
o u t   d x . a l   ; s e t  B i t  Mask t o  10h 
mov d i   - 4 0   : s t a r t   i n   t h e   m i d d l e   o f   t h e   t o p  1 
mov cx.350  ;do f u l l   h e i g h t   o f   s c r e e n  

mov a1 . e s : [ d i ]  ; l o a d   t h e   l a t c h e s  
s t o s b  ; w r i t e   n e x t   p i x e l   o f   y e l l o w   l i n e  

VLineLoop: 

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

i 

( 
s. 

; memory,  and AL i s   a c t u a l l y   i g n o r e d )  
add di.SCREEN-WIDTH-1 : p o i n t   t o   t h e   n e x t   s c a n   l i n e  
1 oop VLi  neLoop 

: S e l e c t   w r i t e  mode 0 and  read mode 1. 

mov dx.GC-INDEX 
mov a1 .GRAPHICS-MODE 
o u t   d x . a l   ; p o i n t  GC I n d e x   t o   G r a p h i c s  Mode r e g i s t e r  
i n c   d x   ; p o i n t   t o  GC Data 
mov a l . 0 0 0 0 1 0 0 0 b   ; b i t  3-1 i s   r e a d  mode 1. b i t s  1 & 0-OD 

; i s   w r i t e  mode 0 
o u t   d x . a l   : s e t   G r a p h i c s  Mode t o   r e a d  mode 1. 

; w r i t e  mode 0 

: D r a w  a h o r i z o n t a l   g r e e n   l i n e ,  one p i x e l   a t  a t i m e ,   f r o m   l e f t  
; t o   r i g h t   u n t i l   c o l o r  compare   repo r t s  a y e l l o w   p i x e l   i s   e n c o u n t e r e d .  

; Draw i n  green.  

mov a l . 2  :green i s   c o l o r  2 
c a l l   S e l e c t S e t R e s e t C o l o r  ; s e t   t o   d r a w   i n   g r e e n  

ne 

s e t / r e s e t  
p l a y  
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: S e t   c o l o r   c o m p a r e   t o   l o o k   f o r   y e l l o w .  

mov dx.GC_INDEX 
mov a1 , COLOR-COMPARE 
o u t   d x , a l   : p o i n t  GC I n d e x   t o   C o l o r  Compare r e g i s t e r  
i n c   d x   : p o i n t   t o  GC Data  
mov a l . 1 4   : w e ' r e   l o o k i n g   f o r   y e l l o w ,  color 14 
o u t   d x . a l   : s e t   c o l o r   c o m p a r e   t o   l o o k   f o r   y e l l o w  
d e c   d x   : p o i n t   t o  GC I n d e x  

: S e t   u p   f o r   q u i c k   a c c e s s   t o   B i t  Mask r e g i s t e r .  

mov a1 .BIT-MASK 
o u t   d x . a l   : p o i n t  GC I n d e x   t o   B i t  Mask r e g i s t e r  
i n c   d x   : p o i n t   t o  GC Data  

: S e t   i n i t i a l   p i x e l  m a s k   a n d   d i s p l a y  memory o f f s e t .  

mov a1 . 8 0 h   : i n i t i a l   p l x e l  mask 
mov di,lOO*SCREEN-WIDTH 

: s t a r t   a t   l e f t  edge o f   s c a n   l i n e   1 0 0  
HLineLoop: 

mov a h . e s : [ d i l   : d o  a r e a d  mode 1 ( c o l o r   c o m p a r e )   r e a d .  

a n d   a h , a l   : i s   t h e   p i x e l   o f   c u r r e n t   i n t e r e s t   y e l l o w ?  
j n z  W a i t K e y A n d D o n e   : y e s - w e ' v e   r e a c h e d   t h e   y e l l o w   l i n e ,  s o  w e ' r e  

o u t   d x . a l   : s e t   t h e   B i t  Mask r e g i s t e r  s o  t h a t  we 

mov e s : [ d i l . a l   : d r a w   t h e   p i x e l .  T h e   v a l u e   w r i t t e n   i s  

: T h i s   a l s o   l o a d s   t h e   l a t c h e s .  

: done 

: m o d i f y   o n l y   t h e   p i x e l   o f   i n t e r e s t  

: i r r e l e v a n t ,   s i n c e   s e t / r e s e t   i s   p r o v i d i n g  
: t h e   d a t a   w r i t t e n   t o   d i s p l a y  memory 

r o r   a l . l  : s h i f t   p i x e l  mask t o   t h e   n e x t   p i x e l  
a d c   d i . 0  : a d v a n c e   t h e   d i s p l a y  memory o f f s e t  i f  

: t h e   p i x e l  mask  wrapped 

: S l o w   t h i n g s  down a b i t   f o r   v i s i b i l i t y   ( a d j u s t  as  needed) .  

mov cx .0  

1 oop  Del  ayLoop 

jmp  HLineLoop 

Del  ayLoop: 

: W a i t   f o r  a key  t o  b e   p r e s s e d   t o   e n d ,   t h e n   r e t u r n   t o   t e x t  mode and 
: r e t u r n   t o  DOS. 

WaitKeyAndDone: 
WaitKeyLoop: 

mov ah .1  
i n t  16h 
j z  WaitKeyLoop 
sub  ah.ah 
i n t  1 6 h   : c l e a r   t h e   k e y  
mov ax .3  
i n t  1 0 h   : r e t u r n   t o   t e x t  mode 
mov ah.4ch 
i n t  21h  :done 

S t a r t   e n d p  
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: E n a b l e s   s e t / r e s e t   f o r   a l l   p l a n e s ,   a n d   s e t s   t h e   s e t / r e s e t   c o l o r  
; t o  A L .  

S e l e c t S e t R e s e t C o l o r   p r o c   n e a r  
mov dx  , GC-I NDEX 
push ax ; p r e s e r v e   c o l o r  
mov a1 .SETPRESET 
o u t  d x . a l   : p o i n t  GC I n d e x   t o   S e t / R e s e t   r e g i s t e r  
i n c   d x   ; p o i n t   t o  GC Data  

o u t  d x . a l   : s e t   S e t / R e s e t   r e g i s t e r   t o   s e l e c t e d   c o l o r  
dec   dx  
mov a1 ,ENABLEPSETPRESET 

; p o i n t   t o  GC I n d e x  

o u t   d x , a l   ; p o i n t  GC I n d e x   t o   E n a b l e   S e t / R e s e t   r e g i s t e r  
i n c   d x   ; p o i n t   t o  GC Data  
mov a l . O f h  
o u t   d x , a l   : e n a b l e   s e t / r e s e t   f o r   a l l   p l a n e s  
r e t  

POP a x   : g e t   b a c k   c o l o r  

S e l e c t S e t R e s e t C o l o r   e n d p  
code  ends 

e n d   S t a r t  

When all Planes  “Don’t  Care” 
Still and all, there  aren’t all that many  uses for basic color  compare  operations.  There 
is, however, a  genuinely odd application of read  mode 1 that’s worth knowing about; 
but in order to  understand  that, we must first look at  the  “don’t  care”  aspect of color 
compare  operation. 
As described  earlier, during read mode 1 reads the color stored in the Color  Compare 
register is compared  to  each of the 8 pixels at  a given address  in VGA memory. But- 
and it’s a big but-any plane  for which the  corresponding  bit in the  Color Don’t 
Care register is a 0 is always considered a color  compare  match,  regardless of the 
values of that  plane’s bits in the pixels and in  the Color Compare register. 
Let’s look at this another way. A given pixel is controlled by four bits, one in  each 
plane. Normally (when  the Color Don’t Care register is  OFH) , the  color in the Color 
Compare  register is compared to the four bits  of each pixel;  bit 0 of the Color  Compare 
register is compared to the plane 0 bit of each pixel,  bit 1 of the Color  Compare  register 
is compared  to  the  plane 1 bit of each  pixel, and so on.  That is, when the lower four 
bits of the Color Don’t Care register  are all set to 1, then all four bits of a given pixel 
must match  the Color Compare  register in  order for  a  read  mode 1 read  to  return  a 
1 for  that pixel to  the CPU. 
However, if any bit of the  Color  Don’t Care register is 0, then  the  corresponding  bit 
of each pixel is unconditionally  considered  to  match  the  corresponding  bit of the 
Color Compare register. You might  think of the Color Don’t Care register as select- 
ing exactly  which planes  should  matter  in  a given read  mode 1 read. At the  extreme, 
if all  bits of the Color Don’t Care register are 0, then  read  mode 1 reads will  always 
return OFFH, since all planes  are  considered  to  match all bits of all pixels. 
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Now, we’re  all prone to  using  tools the  “right” way-that is, in the way in which  they 
were intended to  be  used. By that  token, the Color  Don’t  Care  register is clearly intended 
to mask one  or  more planes out of a color comparison, and as such, has limited use. 
However, the Color Don’t Care register becomes far more  interesting in exactly the 
“extreme” case described above,  where  all planes become “don’t  care” planes. 
Why?  Well,  as  I’ve said, when  all planes are  “don’t  care” planes, read  mode 1 reads 
always return OFFH.  Now, when you AND any  value  with OFFH, the value remains 
unchanged,  and that can be awfully handy when you’re using the bit mask to modify 
selected pixels in VGA memory.  Recall that you  must always read VGA memory to 
load the latches before writing  to VGA memory when you’re using the bit  mask. 
Traditionally, two separate instructions-a read followed by a write-are used to per- 
form this  task. The code  in Listing 28.2 uses  this approach. Suppose, however, that 
you’ve set the VGA to  read  mode 1, with the Color Don’t Care register set to 0 (mean- 
ing all reads of VGA memory will return OFFH) . Under these circumstances, you can 
use a single AND instruction to  both  read  and write VGA memory,  since  ANDing  any 
value  with OFFH leaves that value unchanged. 
Listing 28.3 illustrates an efficient  use  of  write mode 3 in conjunction with read 
mode 1 and a Color Don’t Care register setting of 0. The mask in AL is passed  di- 
rectly  to the VGA’s bit mask (that’s how  write mode 3 works-see Chapter 4 for  details). 
Because the VGA always returns OFFH, the single AND instruction loads the latches, 
and writes the value in AL, unmodified, to the VGA, where it is used to  generate  the 
bit mask. This is more compact and register-efficient than using separate instruc- 
tions to  read and write, although  it is not necessarily faster by  cycle count, because 
on a 486 or a Pentium MOV is a l-cycle instruction,  but AND  with memory is a 3- 
cycle instruction. However,  given  display memory wait  states, it is often the case that 
the two approaches run at  the same speed, and  the register that  the above approach 
frees up can frequently be used to save one  or more cycles in any  case. 
By the way, Listing 28.3 illustrates  how  write mode 3 can make for excellent pixel- 
and line-drawing code. 

LISTING  28.3  128-3.ASM 
Program t h a t  draws a d i a g o n a l   l i n e   t o   i l l u s t r a t e   t h e  u s e  o f  a 
C o l o r   D o n ‘ t   C a r e   r e g i s t e r   s e t t i n g   o f  OFFH t o   s u p p o r t   f a s t  
r e a d - m o d i f y - w r i t e   o p e r a t i o n s   t o  VGA memory i n   w r i t e  mode 3 by 
d r a w i n g  a d i a g o n a l   l i n e .  

Note:  Works  on VGAs o n l y .  

By Michael   Abrash 

s tack   segment   word   s tack  ‘STACK’ 

s tack   ends  

VGA-SEGMENT EQU OaOOOh 
SCREEN-WIDTH EQU 80 : i n  b y t e s  

db 512  dup ( ? )  
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GC-INDEX EQU 3ceh : G r a p h i c s   C o n t r o l l e r   I n d e x   r e g i s t e r  
SETLRESET EQU 0 ; S e t / R e s e t   r e g i s t e r   i n d e x  i n  GC 
ENABLE-SET-RESET EQU 1 ; E n a b l e   S e t / R e s e t   r e g i s t e r   i n d e x   i n  GC 
GRAPHICS-MODE EQU 5 :Graph ics  Mode r e g i s t e r   i n d e x  i n  GC 
COLOR-OONT-CARE EQU 7 : C o l o r   D o n ' t   C a r e   r e g i s t e r   i n d e x   i n  GC 

code  segment  word ' C O D E '  

S t a r t   p r o c   n e a r  

: S e l e c t   g r a p h i c s  mode 12h. 

assume  cs  :code 

mov ax.12h 
i n t  10h 

: S e l e c t   w r i t e  mode 3  and  read mode 1. 

mov dx.GC_INDEX 
mov a1 .GRAPHICS-MODE 
o u t   d x . a l  
i n c   d x  
i n  a1,dx :VGA r e g i s t e r s   a r e   r e a d a b l e ,   b l e s s   t h e m !  
o r   a l . 0 0 0 0 1 0 1 1 b   ; b i t  3-1 s e l e c t s   r e a d  mode 1. and 

jmp f+2 
o u t  dx .a l  
dec dx  

: b i t s  1 & 0-11 s e l e c t s   w r i t e  mode 3 
;de lay   be tween IN and OUT t o  same p o r t  

: S e t   u p   s e t / r e s e t   t o   a l w a y s   d r a w   i n   w h i t e .  

mov a1 .SET_RESET 
o u t   d x . a l  
i n c   d x  
mov a1  .Ofh 
o u t   d x . a l  
dec   dx  
mov  a1,ENABLE-SET-RESET 
o u t   d x . a l  
i n c   d x  
mov a1 .Ofh 
o u t   d x , a l  
dec  dx 

: S e t   C o l o r   D o n ' t   C a r e   t o  0. s o  r e a d s  o f  VGA memory a l w a y s   r e t u r n  OFFH. 

mov a1 .COLOR-OONT_CARE 
o u t   d x . a l  
i n c   d x  
sub a1 .a1 
o u t   d x . a l  

; S e t   u p   t h e   i n i t i a l  memory p o i n t e r  and p i x e l  mask. 

mov  ax.VGA_SEGMENT 
mov ds.ax 
sub  bx.bx 
mov a l . 8 0 h  

: Draw 400 p o i n t s   o n   a   d i a g o n a l   l i n e   s l o p i n g  down and t o   t h e   r i g h t .  
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mov cx.400 
DrawDiagonal  Loop: 

a n d   [ b x l . a l   : r e a d s   d i s p l a y  memory, l o a d i n g   t h e   l a t c h e s ,  
: t h e n   w r i t e s  AL t o   t h e  VGA.  AL becomes t h e  
: b i t  mask,  and s e t / r e s e t   p r o v i d e s   t h e  
: a c t u a l   d a t a   w r i t t e n  

add bx.SCREEN-WIDTH 
: p o i n t   t o   t h e   n e x t   s c a n   l i n e  

r o r   a l . 1  
adc  bx.0 

:move t h e   p i x e l  mask  one p i x e l   t o   t h e   r i g h t  
;advance t o  t h e   n e x t   b y t e  i f  t h e   p i x e l  mask  wrapped 

loop  DrawDiagonal   Loop 

: W a i t   f o r   a   k e y   t o  be p r e s s e d   t o   e n d .   t h e n   r e t u r n   t o   t e x t  mode and 
: r e t u r n   t o  DOS.  

WaitKeyLoop: 
mov ah.1 
i n t  16h 
j z  WaitKeyLoop 
sub  ah.ah 
i n t  1 6 h   : c l e a r   t h e   k e y  
mov ax.3 
i n t  1 0 h   : r e t u r n   t o   t e x t  mode 
mov ah.4ch 
i n t  21h  :done 

S t a r t  endp 
code  ends 

end S t a r t  

I hope I’ve  given  you a  good feel for what color compare  mode is and what it might 
be used for. Color compare  mode isn’t particularly easy to understand,  but it’s not 
that complicated in actual operation,  and it’s certainly useful at times; take some 
time to study the sample code and perform  a few experiments of your own, and you 
may  well find useful applications for color compare  mode in your graphics code. 
A final note: The Read  Map register has no effect in read  mode 1, and  the Color 
Compare  and Color Don’t Care registers have no effect either in read  mode 0 or 
when writing to VGA memory. And with that, by gosh, we’re  actually done with the 
basics of accessing VGA memory! 
Not to worry-that  still  leaves  us a slew  of interesting VGA topics, including smooth 
panning  and scrolling, the split screen,  color selection, page flipping, and Mode X. 
And that’s not to mention actual uses  to  which the VGA’s hardware can be put, in- 
cluding lines, circles, polygons, and my personal favorite, animation. We’ve covered 
a lot of challenging and rewarding ground-and we’ve only just begun. 
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