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Constants

CONTROL_REG
CCHO CE_REG
ADDRESS_6845
DATA_6845

VCOL

Makes sone basic functions available for

access to the Col or

Graphi cs Adapter (C&A).

Al'l functions subdivide the screen
into colums 0 to 79 and lines 0 to 24

in text node and into

colums 0 to 719 and

the lines 0 to 347 in graphic node
the 40 columm text node is not supported !

A high resolution graphic screen should appear
first, followed by a text screen
res screen doesn't appear

If the high

try running the

programa few times in succession

M chael Tischer

08/ 13/ 87
04/ 12/ 95

VCOL

MASM VCOL
LI NK VCOL

L R R X R R

03D8h
03D9h
03D4h
03D5h

;Control register port
; Col or select register
;6845 address register
;6845 data register

addr ess
port address

* .
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* -
* -
* -
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VI O_SEG = 0B800h
CUR_START = 10
CUR_END =11
CURPG_HI =12
CURPG_LO = 13
CURPOS_HI = 14
CURPOS_LO = 15
DELAY = 20000
; == Macr os

;-- SETMODE : Macro for
set node macro nodus

;-- WAITRET: waits until

wai tret
| ocal

wr 1:

;Video RAM segnent address

;Reg # for CRTC. Cursor start line
;Reg # for CTRC. Cursor end line

; Page address (high byte)

; Page address (Il ow byte)

;Reg # for CRTC. Cursor pos high byte
;Reg # for CRTC. Cursor pos |ow byte
; Counter for delay |oop

mov  dx, CONTROL_REG
mov  al, nodus

out dx, al

endm

macr o
wr 1

mov  dx, 3DAh

in al , dx
test al,8
je wrl

endm

configuring screen control register ---------

; Address of the display control register
; New node into the AL register
; Send node to control register

display is completed ------------------------

; Local | abel

; Address of the display status register
; Get content

;Vertical retrace?

;No --> waitforit



;== Stack =

stack segnment para stack ;Definition of stack segnment
dw 256 dup (?) ; 256-word stack

stack ends ; End of stack segnent

;== Data ==

data segnment para ' DATA' ;Definition of data segnment

;== Data required for demo program

initm db 13,10
db "VCOL (c) 1988,1989 by M chael Tischer "
db 13,10, 13, 10
db "This denp programonly runs with a Col or/ Graphics", 13, 10
db "Adapter ( CGA ). |If your PC uses another type of", 13, 10
db "video card press the <s> key to stop the program", 13, 10
db "Press any other key to start the program..",13,10,"$"

strl db 1,0

;== Tabl e of offset addresses of |ine beginnings
l'i nes dw 0*160, 1*160, 2*160 ;start addresses of the lines as
dw 3*160, 4*160, 5*160 ;of fset addresses in the video RAM
dw 6*160, 7*160, 8*160
dw 9*160, 10*160, 11*160, 12*160, 13*160, 14* 160, 15*160, 16* 160
dw 17*160, 18*160, 19*160, 20* 160, 21* 160, 22* 160, 23*160, 24* 160



graphict db 38h, 28h, 2Dh, 0Ah, 7Fh, 06h ;register values for the
db 64h, 70h, 02h, 01h, 06h, 07h ;graphic-nodes

textt db 71h, 50h, 5Ah, 0Ah, 1Fh, 06h ;register values for the
db 19h, 1Ch, 02h, 07h, 06h, 07h ;graphic nodes
waitforit db O ; TRUE (<>0) when caller uses the
;I F switch
data ends ; End of data segnent
; == Code
code segnment para ' CODE' ;Definition of the CODE segnent

assune cs:code, ds:data, es:data, ss:stack

;== This is only the Denp-Program

deno proc far

;-- Look for /F fromDOS pronpt ------------------------

mov  cl,ds: 128 ; Get nunber of bytes from pronpt
or cl,cl ; No paraneters given?
je switchl ;No --> lgnore
mov  bx, 129 ;BX points to first byte in pronpt
mov  ch, bh ; Set 1 oop high byte to 0

switch: cnp [bx],"F/" ;Switch in this position?
je switchl ;Yes --> Switch found

cnp [bx],"f/" ;Switch in this position?



switchl

ende

startdenmo

je switchl ;' Yes
inc bl ; Set
| oop switch

mov  ax, data ; Get
mov  ds, ax ; and
nmov es, ax ; and
mov  waitforit,cl ; Set

; Di splay init nessage and

--> Switch found
BX to next character

; Check next character

segnment addr
| oad into DS
ES

of data segnent

VWAIT fl ag

wait for

i nput

mov  ah, 9 ; Function nunber for string display
mov  dx, offset initm ; Address of initial nmessage

int 21h ;Call DOS interrupt 21H

xor ah, ah ; Function nunber: get key

int 16h ;Call BIOS keyboard interrupt

cnp al,"s" ; <s> key pressed?

je ende ;Yes --> End program

cnp al,"s" ; <S> key pressed?

jne startdenp ;No --> Start denp

mov  ax, 4C00h ; Function nunber: End program

int 21h ;Call DOS interrupt 21H

| abel near

call grafhi ;switch on 320x200 pi xel graphics
xor al,al

call cgr ; Cl ear graphic display

xor  bx, bx ; Colum 0O



grl:

gr2

gr3

gré

xor
nov
nov
push
nov
push
nov
cal
inc
| oop
pop
sub
pop
push
push
nov
cal
inc
| oop
pop
pop
sub
push
nov
push
nov
cal
dec
| oop
pop
sub
pop

dx, dx
ax, 199
cx, 639
cX

cX, ax
ax
al, 1
pi xhi

gr2
ax
ax, 3
cX
cX
ax
al, 1
pi xhi

gr3
ax

cX
cX, 6
cX
CX, ax
ax
al, 1
pi xhi

gré
ax
ax, 3
cX

;Line O

; Pi xel s-vertica

; Pi xel s-horizonta

; Record horizontal pixels

;Vertical pixels to counter

; Record vertical pixels on the stack

; Set pi xel

;Increment |ine

;Draw |ine

;Get vertical pixels fromthe stack
;Next line 3 pixels |less

; Get horizontal pixels fromthe stack
; Record horizontal pixels

; Record vertical pixels on the stack

; Set  pi xel

;Increment col um

;Draw |ine

;Get vertical pixels from stack

; Get horizontal pixels from stack
;Next line 6 pixels |less

; Record horizontal pixels

;Vertical pixels to counter

; Record vertical pixels on the stack

; Set  pi xel

; Decrenment |ine

;Draw |ine

;Get vertical pixels fromstack
;Next line 3 pixels |less

; Get horizontal pixels from stack



gr5:

denpl

denp2:

push
push
nov
cal
dec
| oop
pop
pop
sub
cnp
ja
xor
int

cal
xor
nmov
or
nov
cal
cal
cal
xor
cal
nov
xor
nov
inc
cal
| oop

cX
ax
al, 1
pi xhi
bx
ars
ax
cX
cX, 6
ax, 5
grl

ah, ah
16h

text

bp, bp
al , 30h
ax, bp
strl,a
set col
set page
cls

bx, bx
calo
cx, 2000
ah, ah
si,of fset strl
ah
print
denp2

; Record horizontal pixels

; Record vertical pixels on the stack
; Set  pi xel

;Increment colum

;Draw |ine

; Get vertical pixels fromthe stack

; Get horizontal pixels fromthe stack
;Next line 6 pixels |less

;1s the vertical line longer than 5

; YES--> conti nue

;Wait for function nunber of key wait
;Call BIOS keyboard interrupt

;Switch on 80x25 character text node
; Process screen page 0 first

; ASCI | code "O0"

; Convert page nunber to ASCII
;Store in string

; Set col or

; Activate screen page in BP

; Clear screen page

;Begin in the upper left

; Screen corner with output

;A page contains 2,000 characters
;Start with color code 0O

; Offset address of string 1
;Increment col or val ue

; Qutput string 1

; Repeat until screen is ful



xor ah, ah ;Wait for key

int 16h ;Call BIOS keyboard interrupt
inc bp ;lncrenment page nunber
cnp bp, 4 ;All 4 pages processed ?
jne denpl ;No --> then next page
xor  bp, bp ;Activate page 0 again
call setpage
jmp ende
deno endp ; Goto program end

;== The actual functions follow

;-- TEXT: switches the text display on ---------------------------

;—— I nput © none
;- - Qut put . none
;-- Register : AX, SI, BH, DX and FLAGS are changed
t ext proc near
mov  si, offset textt ; Offset address of the register table
mov  bl, 00100001b ; 80x25 text node, blinking
jmp short vcprog ; Program video controller again
t ext endp
;-- GRAFHI : switches the 640*200 pixel graphic nmbde on ------------------
;-- Input © none
;-- Qutput : none

;-- Register : AX, SI, BH, DX and FLAGS are changed

gr af hi proc near



mov  bl, 00010010b ; Graphic node with 640x200 pixels

jmp short graphic ; Program video controller again
gr af hi endp
;-- GRAFLO switches the 320x200 pi xel graphic nmbde on ------------------
;-- Input © none
;-- Qutput : none
;-- Register : AX, SI, BH, DX and FLAGS are changed
graflo proc near
mov bl , 00100010b ; Graphic node wi th 320x200 pixels
gr aphi c: mov  si,offset graphict ;O fset address of the register table

graflo endp

;-- VCPROG. prograns the video controller ------------ooommmmoomonn

;—— I nput : SI = Address of a register table
;- BL = Value for display control register
;- - Qut put : none
;-- Register : AX, SI, BH, DX and FLAGS are changed
veprog proc near
set node bl ;Bit 3 = 0: screen off
mv cx, 12 ;12 registers are set
xor  bh, bh ;Start with register 0
vepl: | odsb ;Get register value fromtable

mov  ah, al ; Regi ster value to AH



mov  al, bh ; Nunber of the register to AL
call setvk ; Transmit value to controller
inc bh ; Address next register
| oop vcpl ; Set additional registers
or bl, 8 ;Bit 3 = 1: screen on
set node bl ; Set new node
ret ; Back to caller
vcprog endp
; SETCOL Sets the color of the display frame and Background -----
; I nput AL = col or val ue
; Qut put none
; regi ster AX and DX are changed
; Info in text node the lowest 4 bits indicate the frame col or
; in graphic node the lowest 4 bits indicate the frane
; and background color, bit 5 selects the color palette
set col proc near
mov  dx, CCHO CE_REG ; Address of the color selection register
out dx, al ; Qut put col or val ue
ret ; Back to caller
set col endp
; CDEF sets the start and end line of the cursor --------------
; I nput CL = start line
; CH = end Iline
; Qut put none

regi ster

AX and DX are changed



cdef proc near

mov  al , CUR_START ; Regi ster 10: start line
mov  ah, cl ;Start line to AH
call setvk ; Transmit to video controller
mov  al , CUR_END ; Register 11: end line
mov  ah, ch ;End line to AH
jmp short setvk ;Transmit to video controller
cdef endp
;-- SETPAGE : sets the screen page -----------------mmmmnot
;-- I nput : BP = Nunber of the screen page (0 to 3)
;- - Qut put . none
;-- register : BX, AX, CX and DX are changed
;-- Info : in the Graphic nodes the first screen page has the
- - nunmber 0, the second the nunber 2
set page proc near
mov  bx, bp ; Screen page to BX
mv cl,5 ;Multiply by 2,048
ror bx, cl
mov  al , CURPG_HI ; Regi ster 12: High byte page address
mov  ah, bh ; Hi gh byte of the screen page to AH
call setvk ; Transmit to video controller
mov  al, CURPG_LO ; Regi ster 13: Low byte page address
mov  ah, bl ;Low byte of the screen page to AH
jmp short setvk ;Transmit to video controller

set page endp



;-- SETBLI
;-- Input
;- - Qut put
;-- regist

set bl i nk

set bl i nk

;-- SETVK
;-- Input
;—— Qut put
;-- regist

set vk

NK

er
proc

nov
nmov
nov
cal
nov
nov

endp

er
proc

nmov
out
| mp
inc
nmov

sets the blinking cursor ---------------------~-~-~-~-------
DI = Offset address of the cursor

none

BX, AX and DX are changed

near
bx, di ; Move of fset to BX

al , CURPOS_HI ; H gh byte of the cursor offset
ah, bh ; Hi gh byte of the offset

set vk ; Transmit to video controller
al , CURPOS_LO ;Low byte of the cursor offset
ah, bl ;Low byte of the offset

SETVK is called automatically ---------------------------

sets a byte in one register of the video controller ----
AL = Nunber of the register

AH = new content of the register

none

DX and AL are changed

near
dx, ADDRESS_6845 ; Address of the index register
dx, al ; Send nunber of the register
short $+2 ; Short 1/ 0O pause

dx ; Address of the index register
al , ah ; Content to AL



out dx, al ; Set new cont ent

ret ; Back to caller
set vk endp
;-- GETVK . gets a byte fromone register of the video controller -
;-- I nput : AL = Nunber of the register
;-- Qut put : AL = Contents of register
;-- register : DX and AL are changed
get vk proc near
mov  dx, ADDRESS_ 6845 ; Address of the index register
out dx, al ; Send nunber of the register
inc dx ;I ndex register address
jmp  short $+2 ; Short io pause
in al , dx ; Set new contents
ret ; Back to caller
get vk endp

;-- SCROLLUP: scrolls a window Nlines upward -------------------------
;-- I nput : BL = line upper left

;-- register : only FLAGS are changed
;-- Info . the display lines liberated are cleared

p-- BH = col umm upper |left

p-- DL = line below right

p-- DH = col umm bel ow ri ght

- - CL = Nunber of lines, to be scrolled
p-- : BP = Nunber of the screen page (0 to 3)
;- - Qut put © none



scrol | up

sup0

proc
cld

push
push
push
push

push
push
push
sub
inc
sub
sub
inc
cal
nov
add
cal
xchg

cnp
je

near

ax
bx
d
s

bx
cX
dx
dl, bl
d
dl,cl
bh, dh
dh
calo
si,d
bl , cl
calo
si,d

waitforit,O
sup0

wai tret

set nrode 00100101b

push
push
nov

ds
es
ax, VI O_SEG

;On string commands count up

; All changed registers to the
; Secure stack

;ln this case the sequence

; must be observed !

; These three registers are returned
;before the end of the routine

; From t he stack

;Cal cul ate the nunber of lines

; Subtract nunber of lines to be scrolled
; Cal cul ate nunber of colums

; Convert upper left in offset

; Record address in Sl

;First line in scrolled w ndow
;Convert first line in offset

; Exchange SI and Di

; Fli cker suppressed?
; No --> SUPO

;Yes -->Wait for retrace
; Di sabl e screen

; Store segnment register
;On the stack
; Segnent address of the video RAM



supl

sup2:

nmv
nmv

nov
nov
nov
rep
nov
nov
add
add
dec
j ne

pop
pop

cnp
je

ds, ax
es, ax

ax, d
bx, si
cl, dh
nMoVsSw
di, ax
si, bx
di, 160
si, 160
d

supl

es
ds

waitforit,O
sup2

set nrode 00101101b

pop
pop
pop
nov
sub
inc
nov
cal

pop

dx

cX

bx

bl , dl
bl , cl
b

ah, 07h
cl ear

s

; To DS
; And ES

;Record DI in AX

; Record SI in BX

; Nunber of colums in counter
; Move a line

;Restore DI from AX

;Restore SI from BX

; Set next Iline

;processed all lines ?
;No --> nove another line

; Get segnment register from
; Stack

; Flickering suppressed?
; No --> SUP2

;Yes --> Enabl e screen

;Get lower right corner back
; Return nunber of lines

; Return upper left corner
;Lower line to BL

; Subtract nunber of Iines

; Col or bl ack on white
;Clear lines

; CX and DX have al ready been



pop di ; Restored

pop bx
pop ax
ret ;Back to caller

scrollup endp

;-- SCROLLDN: scrolls a window Nlines down -----------mmommmmon

;-- I nput : BL = line upper left

;- BH = col umm upper |left

p-- DL = line below right

p-- DH = col umm bel ow ri ght

- - CL = nunber of lines to be scrolled

p-- : BP = nunber of the screen page (0 to 3)
;- - Qut put . none

;-- register : only FLAGS are changed

;-- Info . the display lines liberated are cleared

scrolldn proc near

cld ;On string commands count up

push ax ; Record all changed registers

push bx ;On the stack

push di ;ln this case the sequence

push si ; Must be observed !

push bx ; These three registers are returned
push cx ; From t he stack before the end

push dx ;O the routine



sdn0

sdnl

sub
inc
nov
nmov
cal
nmov
sub
cal
xchg
sub
inc
sub

cnp
je

wai t

dh, bh
dh

al , bl
bl , dl
calo
si,d
bl , cl
calo
si, di
dl, al
d

dl,cl

waitforit,O
sdn0

ret

set nrode 00100101b

push
push
nov
nov
nov

nov
nmov
nov
rep
nov
nov
sub

ds

es

ax, VI O_SEG
ds, ax

es, ax

ax, d
bx, si
cl,dh
NMOVSW
di, ax
si, bx
di, 160

;Cal cul ate the nunber of colums

;Record line upper left in AL

;Line below right to line below Ileft

; Convert upper left in offset

; Record address in Sl

; Subtract nunmber of characters to scrol
; Convert upper left in offset

; Exchange SI and Di

; Cal cul ate nunber of lines

; Subtract nunber of lines to be scrolled

; Fli cker suppressed?
; No --> SDNO

;Yes --> Wait for retrace
; Di sabl e screen

; Store segnent register on the

; Stack

; Segnment address of the video RAM
; To DS

;and ES

;Record DI in AX

; Record SI in BX

; Nunber of colums in counter
; Move a line

;Restore DI from AX

;Restore SI from BX

;Set into next line



sdn2:

scrol I dn

sub
dec
j ne

pop
pop

cnp
je

si, 160
d
sdnl

es
ds

waitforit,O
sdn2

set node 00101101b

pop
pop
pop
nov
add
dec
nov
cal

pop
pop
pop
pop

ret

endp

CLS: Cear the screen conpletely

dx

cX

bx
dl, bl
dl,cl
d

ah, 07h
cl ear

s
d
bx
ax

;processed all lines ?
;No --> nove another line

; Return segnment register from

; Stack
; Fli cker suppressed?
; No --> SDN2

;Yes --> Enabl e screen

; Get lower right corner

; Return number of |ines

; Return upper left corner
;upper line to DL

; Add nunber of Iines

; Col or bl ack on white
;Erase liberated |lines

; CX and DX have al ready been
; Ret ur ned

;Back to caller



;-- Input : BP = nunber of the screen page (0 or 1)
;-- Qutput : none
;-- register : only FLAGS are changed

cls proc near
mov  ah, 07h ;Color is white on black
xor  bx, bx ;upper left is (0/0)
mov  dx, 4F18h ;Lower right is (79/24)

;-- Execute Clear ---------cmmmmmmee e e -
cls endp

;-- CLEAR fills a designated display area with space characters ------

;-- I nput : AH = attribute/color

p-- BL = line upper left

;- BH = col umm upper |eft

;- DL = line below right

;- DH = col umm bel ow ri ght

p-- BP = nunber of the screen page (0 to 3)

;- - Qut put . none

;-- register : only FLAGS are changed

cl ear proc near
cld ;On string commands count up
push cx ;Store all register which are
push dx ; Changed on the stack
push si
push di

push es



clearl

clear2:

sub dl, bl

inc dl
sub dh, bh
inc dh
call calo

mov  cXx, VI O_SEG
nmv es, cx
xor ch, ch
mov al," "
cnp waitforit,O
je clearl

push dx
wai tret
set nrode 00100101b
pop dx

mov  si, di
mov  cl, dh
rep stosw
mov  di, si
add di, 160
dec d

jne clearl

cnp waitforit,O
je clear2

set node 00101101b

pop es

; Cal cul ate nunber of lines
; Cal cul ate nunber of colums

; Offset address of the upper left corner
; Segnment address of the video RAM

; To ES

; Hi gh bytes of the counter to O

; Space character

; Flickering suppressed?
:No --> CLEARL

;Store DX on the stack

; Retrace wait

;Switch screen of f
;Return DX fromthe stack

;Record DI in S

; Nunber colums in counter
; Store space character
;Return DI from S

;Set in next line

Al lines processed ?

;No --> erase another I|ine

; Fli cker suppressed?
:No --> CLEAR2

; Enabl e screen

;Get registers from



pop di ; Stack again

pop si

pop dx

pop cx

ret ;Back to caller
cl ear endp

;-- PRINT: outputs a string on the screen -----------------------------

;-- lnput AH = attribute/col or

- - DI = offset address of the first character

p-- SI = offset address of the strings to DS

p-- BP = nunber of the screen page (0 to 3)

;-- Qut put . DI points behind the I ast character output

;-- register : AL, DI and FLAGS are changed

;-- Info : the string nust be term nated by a NUL-character

p-- ot her control characters are not recognized

print proc near
cld ;On string commands count up
push si ;Store SI, DX and ES on the stack
push es
push cx
push dx
mov  dx, VI O_SEG ; Segnent address of the video RAM
mov  cl,waitforit ;Get WVAITFORIT fl ag
mov  es, dx ;First to DX and then to ES
jmp short print3 ;Get character and display it

printl | abel near



or cl,cl ; Fli cker suppressed?

je print2 ;No --> PRINT2

push ax ; Record characters and col or

mov  dx, 3DAh ; Address of the display-status-register
hr1: in al , dx ; Get content

test al,1 ; Horizontal retrace?

jne hril ;No --> wait

cli ;permt no further interrupts
hr 2: in al , dx ; Get content

test al,1 ; Horizontal retrace?

je hr 2 ;Yes --> wait

pop ax ; Restore characters and col or

sti ; Do not suppress Interrupts any nore
print2: st osw ;Store attribute and color in V-RAM
print3: | odsb ; Get next character fromthe string

or al , al ;s it NUL

jne printl ;No --> output
printe: pop dx ;Get SI, DX, CX and ES from stack

pop c¢Xx

pop es

pop si

ret ; Back to caller
print endp

;-- CALO Converts line and colum into offset address ----------------
;-- I nput : BL line
p-- BH col um



p-- BP = nunber of the screen page (0 to 3)
;-- Qut put : DI = the of fset address
;-- register : DI and FLAGS are changed

calo proc near
push ax ; Secure AX on the stack
push bx ; Secure BX on the stack
shl bx, 1 ;Colum and line times 2
mov al, bh ; Colum to AL
xor  bh, bh ; High byte
mov  di, [l ines+bx] ;Get offset address of the line
xor ah, ah ;H byte for columm offset
add di, ax ;Add |ine and colum of fset
mov  bx, bp ; Screen page to BX
mv cl,4 ;Multiply by 4,096
ror bx, cl
add di, bx ; Add begi nning of screen page to offset
pop bx ; Restore BX from stack
pop ax ; Restore AX from stack
ret ; Back to caller
calo endp
;-- CGR Erase the conplete Graphic display ---------------------------
;-- lnput : AL = OOH : erase all pixels
p-- FFH : set all pixels
;- - Qut put © none
;-- register : AH, BX, CX, DI and FLAGS are changed
;-- Info : this Function erases the Graphic display in both

-- Graphi ¢ npdes



cgr proc near

push es ;Store ES on the stack
cbw ; Expand AL to AH
xor di, di ; OfFf set address in video RAM
mov  bx, VI O_SEG ; Segnent address screen page
mov  es, bx ; Segnent address into segnent register
mov  cXx, 2000h ; One page is 8KB words
rep stosw ;Fill page
pop es ;Return ES from stack
ret ; Back to caller
cgr endp
;-- PIXLO sets a pixel in the 320*200 pi xel graphic nmode -----------------
;-- lnput BP = nunber of the screen page (0 or 1)
p-- BX = columm (0 to 319)
;- DX = line (0 to 199)
;- AL = color of the pixels (0 to 3)
;- - Qut put : none
;-- register : AX, DI and FLAGS are changed
pi xl o proc near
push ax ; Secure AX on the stack
push bx ; Note BX on the stack
push cx ;Store CX on the stack
mv cl,7
mov  ah, bl ; Transmit colum to AH
and ah, 11b ; Col utm nod 4

shl  ah, 1 ; Colum * 2



sub cl,ah ;7 - 2 * (colum nod 4)

mov  ah, 11 ;Bit val ue
shl ax, cl ; Move to pixel position
not ah ; Reverse AH
shr  bx, 1 ;Divide BX by 4 by shifting
shr  bx, 1 ;Right tw ce
jmp short spix ; Set  pi xe
pi xl o endp

;-- PIXH : sets a pixel in the 640*200 pi xel graphic node -----------------
;-- lnput BP = nunber of the screen page (0 or 1)

p-- BX = columm (0 to 639)

p-- DX = line (0 to 199)

p-- AL = color of the pixels (0 or 1)

;- - Qut put . none

;-- register : AX, DI and FLAGS are changed

pi xhi proc near
push ax ;Store AX on the stack
push bx ; Note BX on the stack
push cx ;Note CX on the stack
mv cl,7
mov  ah, bl ; Transmit colum to AH
and ah, 111b ; Colum nod 8
sub cl,ah ;7 - colum nod 8
mov  ah, 1 ;Bit val ue
shl  ax, cl ; Move pi xel position
not ah ; Reverse AH
mv cl,3 ;3 shifts

shr  bx, cl ;Divide BX by 8



;== Set pixel ~--mmemeee e e -
pi xhi endp

;-- SPIX: sets a pixel in the graphic display ---------------------------

;-- I nput : BX = columm of fset
;- DX = line (0 to 199)
- - AH = Value to cancel old Bits
- - AL = new Bit val ue
;- - Qut put : none
;-- register : AX, DI and FLAGS are changed
spi x proc near
push es ; Secure ES on the stack
push dx ; Secure DX on the stack
push ax ; Secure AX on the stack
xor di,di ; Off set address in video RAM
mov  cXx, VI O_SEG ; Segnent address screen page
nmv es, cX ; Segnent address into segnent register
mov  ax, dx ; Move line to AX
shr ax, 1 ;Divide line by 2
mov  cl, 80 ; The factor is 90
mul  cl ;Multiply Iine by 80
and dx, 1 ;Line nod 2
mv cl,3 ;3 shifts
ror dx,cl ;Rotate right (* 2000H)
mov  di, ax ;80 * int(linel2)
add di, dx ;+ 2000H * (line nod 4)

add di, bx ; Add col um of f set



spi x

code

end

pop ax ; Return AX from stack
mov bl ,es:[di] ; Get pixe

and bl, ah ; Erase Bits

or bl , al ; Add pi xe

mov  es:[di], bl ;write pixel back

pop dx ; Return DX from stack
pop es ;Return ES from stack
pop cX ; Return CX from stack
pop bx ; Return BX from stack
pop ax ; Return AX from stack
ret ; Back to caller

endp

ends ; End of the code segnent
end deno



