COSC 2410: Final Lab Problem

Dr. Mirkovic, Spring 2004

Name:

Due: 4/13/2004

Part I — Programming

You will program a scaled down version of the game Breakout. For those of you who are unfamiliar
with Breakout, it was invented in 1976. It was a variation of the game Pong that came out earlier
from Atari. What you need to do is program an interface to accept keyboard input that will update
the location of a paddle, which the ball bounces off of. You are given several constants which are
specified in the file “constants.inc.”

Ball starts on the screen at position “STARTX,” and “STARTY.” The ball will always start from
this position if it falls off the screen. It will fall off of the screen if it ever goes beyond the last row
on the screen. Every time it falls off the screen, you need to reset the ball position to “STARTX,”
and “STARTY.” The ball has a x velocity “STARTVELX,” and a y velocity “STARTVELY.” As
the game progresses, the ball moves. To calculate the new position of the ball, simply add the x and
y velocity to the current ball position to obtain the new column and row position of the ball. If the
ball hits either side of the screen (left or right) it will bounce back in the opposite direction and
continue to move in the opposite direction (reverse x velocity). The same applies if the ball hits the
top of the screen, it will reverse direction. If the ball is about to hit the paddle at the bottom of the
screen, then it will also reverse the y direction of the ball. As stated, the only time you worry about
the ball not bouncing back will be if it it’s the bottom of the screen. If the ball is about to hit the
paddle then its y direction needs to change. Furthermore, if the paddle is also directly under or
directly above the paddle, then the direction of the ball reverses. When the ball moves, you need to
check to see if the ball is currently located in a position where a brick is. The bricks are what you
are aiming for. Here is really where our version of breakout differs. For the sake of simplicity we
are only going to worry about changing the y direction of the ball if it hits a block. So, if the ball is
currently on top of a block then change the current y direction of the ball. So when it hits a brick, it
immediately changes direction. The positions of the bricks are specified with the constants in the
“constants.inc,” file and specify a large block of bricks in a rectangular fashion. When a brick is hit,
that brick disappears

The paddle bar will be controlled by the user using the arrow keys and will of a length specified by
the constant “PADDLELEN,” which can be found in the file “constants.inc.” The start position of
the paddle is specified by constants “PADDLEX,” and “PADDLEY.”

You need to display these bricks to the screen as well as the ball and the paddle all the time and
constantly update their position. If the right arrow key is pressed, then the paddle moves right. If
the left arrow key is pressed, then the paddle moves left. If the down arrow is pressed, then paddle
moves down. If the up arrow is pressed, then the arrow moves up. The paddle may not move
beyond the left or right side of the screen. The paddle can move up and down and must stay
between rows 13 and 23 (inclusive — row count starting from row 0). If there is no input for the
movement of the paddle, then it doesn’t move and everything else progresses as always. This means
that the ball still needs to be updated and newest position displayed to the screen.



If the number of bricks displayed on the screen is 0, then the program ends. If the user ever hits the
escape key, then the program ends.

You are NOT allowed to use any procedures from “util.lib,” or any pre-made macros. You may
NOT use the interrupts for writing the screen, you must do it MANUALLY.

You may write to the video segment (text mode) at segment 0B800h. This constant is located in the
“constants.inc,” file. Every screen position in this segment is composed of 2 bytes (1 word). The
high part is the color attributes and the low part is the ASCII character to display.

Use the keyboard interrupts and OS interrupts to perform checking of the keyboard buffer and to
perform processing on any input if present or to continue program execution if no input is currently
available. Once everything is done, update the screen and start the process all over again.

You will find skeleton code for the main loop on the lab web page. There is one stipulation, you
must keep track of the screen in an array called back buffer so that you might learn how to
manipulate an array. In general, many games actually use a back buffer to prevent flickering of the
screen, but it isn’t needed for this in this case. As stated, you are using a back buffer so that you can
learn how memory is organized. This means that there is one required function “swapbuffer” which
will copy the back buffer to the screen.

NOTE: You may need to add slowdown code so the cube movement is visible in an acceptable
manner.

Grade distribution:

Part 1
Ball movement 20
User input 20
Swapbuffer 20
Following Instructions 10%
Comments
Program Description 5%
Code Comments 5%

Misc./Efficiency 10%
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Nare: Bubba

SSN: 123-45-6789
Section: 09422

Dat e: 4/ 8/ 2004
Assi gnnent : Program 4

Descri ption:
I nput :
Qut put

~ hkkkkkkkokkokkokkok koK

smal

100h

B
’

;I ncl udes

IR R R SR S SRR S R R R R SRR R R R R R R R R R R R R R R R R EREEEEEEEEEEEE]
include bios.inc

include constants.inc

includelib util.lib
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; Vari abl es and constant decl arations
IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R EREEE

scancode byte ?

character byte ?

xpos sword PADDLEX

ypos sword PADDLEY

ol dxpos word PADDLEX

ol dypos word PADDLEY
bal I x sword STARTX

bal Iy sword STARTY
bal I color db 1

bal I angl e word O
bal | vel x sword 1
bal | vely sword 1

bl ockcount word 0O
novebal | word 0

paddl ebar db PADDLELEN dup (219)
backbuff dw 2000 dup (0)
bl ockbuff dw 2000 dup (0)
crlf db CR LF

score word O

scoreaddr word 0

db "o Scor e:
ganmescore equ $ - ganeover
db

db " EIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIyﬁ,CR,LF
ganmel en equ $ - ganeover
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; Function prototypes
;*************************************************

keyread proto near c¢ s:word, k:word

drawscreen proto near ¢

writebuffer proto near ¢ x:word, y:word, s:word, |:word, a:byte, buff:word
clearbuffer proto near c buff:word

swapbuf fer proto near c

updat ebal | proto near c

checkybrick proto near ¢

putchar proto ¢ x:word, y:word, k:byte, a:byte

di splaystring proto ¢ x:word, y:word, s:word, |:word, a:byte
converttoascii proto near c input:word, outputbuffer:word, outlen:word

mai n proc

.startup
@ s
@et csrpos, 0,0
cal | bl ockbuffi nit

@@
call checkbl ockcount
cnp bl ockcount, 0
jz done
i nvoke keyread, addr scancode, addr character
cnp scancode 1
jz don
cal | updatebal
call drawscreen
jm @
| ea ax, ganeover
add ax, ganescore
nmov scoreaddr, ax
i nvoke converttoascii,score, scoreaddr, 4
i nvoke di splaystring, 13,7,addr ganeover, ganelen, OF4h
nov ah, 0000h

done:



int 16h

s
@pet csrpos, 0,0
.exit
mai n endp
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; Function: drawscreen
; Descri pti on:

; This function clears the backbuffer, draws
; the renui ning blocks to the backbuffer

; draws the ball to the backbuffer, draws the
; the paddle to the backbuffer, and then

; finally draws the backbuffer to the screen

;I nput :

; None
; Qut put :

; None
; Return:

; None

)
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drawscreen proc ¢ uses ax bx cx dx
i nvoke cl earbuffer, addr backbuf f

;draw remai ni ng bl ocks

i nvoke writebuffer,0,0,addr blockbuff, 2000, OFFh, addr backbuf f
; draw bal
i nvoke writebuffer,ballx, bally, addr paddl ebar, 1, ballcol or, addr

; draw paddl e

backbuf f

i nvoke writebuffer, xpos, ypos, addr paddl ebar, paddl el en, OFh, addr backbuf f

;swap buffer
call swapbuffer

ret
drawscreen endp

checkybrick proc ¢ uses bx cx dx

nmov dx, O
mov ax, VIDCOL
nov bx, bally
mul  bx
add ax, ballx
shl ax, 1
| ea bx, bl ockbuff
add bx, ax
nov ax, [bx]
ah, 00h

cnp ah,
j z checkunder paddl e
invoke writebuffer
inc score
mov ax, TRUE
jmp continue
checkunder paddl e

bal I x, bally, addr paddl ebar, 1, 00h

nmov ax, bally

inc ax

cnp ax, ypos

jnz setfal se

nov dx, O

nov ax, VI DCOL

mov bx, bally

inc bx

mul  bx

add ax, ballx

shl ax, 1

| ea bx, backbuff

add bx, ax

nmov ax, [bx]

cnmp ah, 00h

jz checkl ef t paddl e

nov ax, TRUE

jmp continue
checkl ef t paddl e:

nmov dx, O

mov ax, VIDCOL

nov bx, bally

i nc bx

mul  bx

add ax, ballx

inc ax

shl ax, 1

| ea bx, backbuff

add bx, ax

nov ax, [bx]

cnmp ah, 00h

j z checkri ght paddl e

TRUE

mov  ax
j mp continue
checkri ght paddl e

nov dx, O

nmov ax, VI DCOL
nmov bx, bally
inc bx

mul  bx

addr bl ockbuf f



add ax, ballx

dec ax

shl ax, 1

| ea bx, backbuff

add bx, ax

nmov ax, [bx]

cnp ah, 00h

jz setfal se

nov ax, TRUE

jmp continue
setfal se

mov ax, FALSE
conti nue

ret

checkybrick endp

updat ebal | proc c uses ax bx cx dx
cnp novebal |, 350
jnz continue
nov novebal |, O

updat ex:
nmov ax, ballx
add ax, ballvel x
nov bal I x, ax
cnp ax, VIDCOL
j b updatey
nov ax, -1
nov bx, ballvel x
nmov dx
i mul  bx
nov bal | vel x, ax
updat ey:
nmov ax, bally
add ax, ballvely

nmov bal ly, ax
cnp ax, VI DROW
j b adjustygreater
nov ax, -1
nmov bx, ballvely
nmov dx
i mul bx
nov bal | vely, ax
adj ust ygr eat er
cnp bally, 24
j ng adj ustyl ower
nmov bal ly, STARTY
nov bal | x, STARTX
nov bal | vel y, STARTVELY
nov bal | vel x, STARTVELX
jnmp continue
adj ustyl ower:
cnp bally, 0
j ge checkycol
nov bally, 0
checkycol |
cal | checkybrick
cnp ax, FALSE
j z adj ust xgreater
mov ax, -1
nov bx, ballvely
nov dx
i mul  bx
nmov bal | vely, ax
j mp continue
adj ust xgreater
cnp ballx, 79
j ng adj ust x| ower
nov bal I x, 79
jmp continue
adj ust x| ower :
cnp ballx, 0
j ge continue
nov bal I x, 0
conti nue
i nc novebal
ret
updat ebal I endp
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; Function: clearbuffer

; Descri ption:

; This function sets the contents of a buffer
; toall 0's

I nput
buff - address of buffer to clear
Qut put :
buff - cleared buffer
;Return

’
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clearbuffer proc c uses ax bx cx dx, buff:word
nov di, buff ;nmove address of buffer into d
nmov cx, 2000 ;mov length of buffer into cx
agai n:
mov WORD PTR [di], WORD PTR 0000h; nove 00 into location pointed to by d
add di, 2 ;increnent buffer pointer



| oop again ;if ex!'=0, junp to again
ret
cl earbuffer endp

B T ]

; Functi on: swapbuf fer

; Descri pti on:

; This function noves the contents of the
; backbuffer to the video segment

; I nput :

None

; Qutput :
None

Ret urn:
None

)
B

émapbuffer proc ¢ uses ax bx cx dx

pushf ;save flags

nov ax, 80 ; MOV rows ot ax

nmov bx, 25 ;mov colums to bx

mul  bx ;mul tiply ax and cx

nmov cx, ;mov 80*25 into cx

push Vi DSEG ; push video segnent onto stack

pop es ; pop video segnent into es register
nmov di, O ;set di to O

) | ea si, backbuff ;nove address of backbuffer into si

agai n:
push WORD PTR [si] ; push backbuff onto stack
pop WORD PTR es: [di] ; pop backbuff into video segnent
add si, 2 ;increnment backbuff pointer
add di, 2 ;increnent video segment pointer
| oop again ;if ex!'=0, junp to again
popf ;restore flags

ret ;return flow of control to caller

swapbuf f er endp
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; Function: keyread

Descri pti on:
This function reads the keyboard buffer and
updat es the paddl e position

I nput :
s - address to wite scan code to
k - address to wite ascii code to
Qut put :
s - address with witten scan code
k - address with witten ascii code
Ret ur n:

None
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eyread proc ¢ uses ax bx cx dx, s:word, k:word
pushf ;save the flags
nov ah, 0Bh ;check to see if there is a character in the keyboard buffer
int 21h ;request interrupt fromCS
cnp al, OFFh ;check to see if there is atleast on character in the buffer
g j nz noadj ust ;al ' =0FFh, nothing in the buffer, junp to noadjust
one:
nmov ah, 0000h ;read character fromthe keyboard buffer
int 16h ;request interrupt from keyboard
nmov bx, s ;nmove address of s into bx
nov [bx], ah ;store ah, in variable s
nmov bx, k ;move address of k into bx
nov [bx], al ;store al, in variable k
nmov bx, Xxpos ; move Xpos into bx
nmov ol dxpos, bx ;store current xpos as ol dxpos
nmov bx, ypos ; move ypos into bx
| of nov ol dypos, bx ;store current ypos as ol dypos
eft:
cnp ah, 04Bh ;conpare scan code to |left arrow code
jnz right ;scan code is not for left arrow, junp to |abel right
sub xpos, 2 ;scan code is for left, decrement xposition
cnp xpos, 80 ; conpare xpos to 80
j b noadj ust ;|f xpos is less than 80, then do nothing, junp to |abel noadjust
nov xpos, 0 ;if xpos is greater than 80, then set xpos to O
j mp noadj ust ;junmp to | abel noadj ust
right:
cnp ah, 04Dh ; compar e scan code to right arrow
jnz up ;scan code is not for right, junp to I|abel up
add xpos, ;scan code is for right, increase xpos
cnp xpos, VI DCOL- PADELELEN conmpare xpos to offset fromleft of screen, paddlen length
j b noadj ust ;if below, junp to noadjust
nmov xpos, VI DCOL- PADDLELEN nmov Xpos to maxi mum position
j mp noadj ust ;junp to noadj ust
up:
cnp ah, 048h ;conpare ah to up arrow scan code
jnz down ;if ah does not equal up, then junp to | abel down
sub ypos, 1 ;subtract current row position by 1
cnp ypos, 13 ;conpare current row position by 13,
j ae noadj ust ;if above, do nothing, junp to noadj ust
nov ypos, 13 ;if above, then resent ypos to maxi mum position (mn position on screen)
j mp noadj ust ;junp to | abel noadj ust
down:
cnp ah, 050h ;conpare ah to down arrow scan code
j nz noadj ust ;i f ah!=050h, do nothing, junp to noadj ust
add ypos, 1 ; ah==050h, increnment ypos
cnp ypos, 23 ;conpare ypos to maxi mumrow (mn row in screen)

j b noadj ust ;if below, do nothing, junp to noadj ust



nov ypos, 23 ;set ypos to mnimumrow postiion (max position on screen)
noadj ust :
popf ;restore the flags
ret
keyread endp
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; Function: witebuffer
Descri pti on:
This function wites a series of characters
of arbitrary length and color to a specified
buffer of length and width no |larger than the
; the size of the screen 80x25
;I nput :

; X - columm position to wite to

; y - row position to wite to

; s - address to character array to wite to

; buf f er

; a - color attributes to wite to buffer

; Qut put :

; buff - address of buffer to wite to

; Return:

; None

;*************************************************

writebuffer proc c uses ax bx cx dx, x:word, y:word, s:word, |:word, a:byte, buff:word
pushf ; save flags
nov si, s ;move address into si
mov cx, | ;move length to cx

agai n:

nmov di, buff ;nmove address of buffer into di

nov ax, VI DCOL nmove buffer width into ax

mul 'y mul tiply ax by row position

add ax, x add col um position to ax

shl ax, 1 multiply ax by 2 to get offset
add di, ax add of fset to buff address in di
cnp a, OFFh comare attribute to OFFh

jnz assigncol or
nov ax, [si]
add si, 2

if al=0FFh then junp to | abel assigncol or
move character in source into ax
i ncrement source pointer

jmp continue jump to lable continue
assi gncol or:
nmov al, [si] ;move character fromsource into al
nov ah, a ;nove attributes into ah
inc si ;increnent source pointer
conti nue:
mov [di], ax ;mov ah,al pair into desitination buffer
inc x ;increment columm position
dec cx ;decrenment cx, nunmber of characters left
jnz again ;if cx==0, we are done, junp to | abel again
done:
popf ;restore flags
ret ;return flow of control to caller

writebuffer endp
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; Function: bl ockbuffinit

; Descri pti on:

This function initializes the bl ocks that

that will be displayed to the screen

; that are left on the screen

;I nput :

STARTBRI CKX (GLOBAL CONST) - starting colum
position of the bricks

STARTBRI CKY (GLOBAL CONST) - starting row
position of the bricks

ENDBRI CKX (GLOBAL CONST) - the ending colum
position of the bricks

ENDBRI CKY (GLOBAL CONST) - the ending row

; position of the bricks

; Qut put :

None

; Return:

; None
IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R EREEE
bl ockbuffinit proc c uses ax bx cx dx

local Ix:word, ly:word, k:byte

pushf ;save flags
nov ax, 00DBh

nmov |y, STARTBRI CKY

nmov | x, STARTBRI CKX

mov k, 6
col :
i nvoke writebuffer, Ix,ly,addr paddl ebar, 1, k, addr bl ockbuf f
inc k
nov al, k
nov ah, 0
nmov bx, 16
nmov dx, O
di v bx
add dx,
nov k, dl
inc Ix
cnp | x, ENDBRI CKX
jle col

r ow.



mov | x, STARTBRI CKX
cnp |y, ENDBRI CKY
j be col

mov ax, ENDBRI CKX
sub ax, STARTBRI CKX
nov bx, ENDBRI CKY
sub bx, STARTBRI CKY

nov bl ockcount, ax
popf ;restore flags
ret

bl ockbuffinit endp

P

Function: checkbl ockcount

Descri pti on:
This function counts the nunber of bl ocks
that are left on the screen

I nput :
bl ockcount (GLOBAL) - the nunber of bl ocks
left on the screen
Qut put :
bl ockcount (GLOBAL) - the nunber of bl ocks
left on the screen
Ret ur n:

None
LR EEEEEEEEEEEEEEEEEEEEEEEEEREEREEREEEEEEEEEEREERESESSE]
checkbl ockcount proc ¢ uses ax bx cx dx
pushf ;save flags
nov bl ockcount, O;clear blockcount variable
lea di, blockbuff;load address of bl ockbuff

nmov cx, 2000 ;move 2000 into cx, the size of bl ockbuff
agai n:
cnp cx, 0 ;conmpare cx to O
jz done ;if cx==0, then we are done checking
nov ax, [di] ;move character pointed to by di into ax
add di, 2 ;increnent di by 2 bytes
dec cx ;decrement cx, number of buffer spaces to check
cnp ah, 00h ;conpare ah, to color black
jz again ;if ah==0 then check next bl ock
i nc bl ockcount ;if ah!=0 then found a bl ock, increnment blockcount
g jnp again ;junp to | abel again, start process again
one:
popf ;restore flags
ret ;return flow of control to caller

checkbl ockcount endp
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; Function: putchar

; Descrl ption:

This function displays a character to the
string, at an arbitrary postion, with any
; color attributes
;I nput :
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; X - colunm position to begin witing

; character to

; y - row position to begin witing character
X to

; k - character to wite to screen

; a - color attributes of string

; Qut put :

; None

; Return:

; None

putchar proc c uses ax di es, x:word, y:word, k:byte, a:byte

pushf ;store flags

nmov di, vidseg ;move video segnent into di

nov es, di ;move di into es (video segnent)

nov ax, Vvidcol ;move ax, the nunber of video col ums
ml y ;multiply ax by the nunber row | ocation
add ax, x ;add the columm of f set

shl ax, 1 Errultiply by 2 to get correct byte to wite to

mov di, ax ;move segnent offset into di

nmov al, k ;move di splay character to al

nov ah, a ;move display character attribute into ah (color, etc)
nov es:[di], ax ;wite character to vid nenory es:di

popf ;restore flags

ret ;return flow of control to caller

put char endp

B T

; Function: displaystring

; Descri pti on:
; This function displays a string of arbitrary
length to the screen. It will do thia at any

; position with any color. This function

; understands CR, LF and will skip to the next

; l'ine (beginning at x position) when encountered
;I nput :

; - colum position to begin witing string to
; row position to begin witing string to

; - address of string to wite out to screen

; - length of string to wite out to screen

; - color attributes of string

D T X
'



; Qut put :

; None
; Return:
; None
;*************************************************
di spl aystring proc ¢ uses ax bx cx dx, x:word, y:word, s:word, |:word, a:byte
| ocal begi nx: word
pushf ; save flags
nov ax, X ;mov col position into ax
nmov begi nx, ax ;mv ax into beginx, columm position
nov si, s ;mov address of string into si
nov cx, | ;mov length of string into cx
agai n:
cmp cx, O ;conpare cx to O
jz done ;if cx==0, then we are done writing string, finish
mov al, [si] ;not done writing string, nove current char into ax
cnp al, CR ;conmpare ax to CR
jnz continuel ;if ax!=CR then wite the character out to screen
dec cx ;ax==CR, decrenent characters left,
inc si ;increnent si to next character
incy ;increase current row
;jnp again
continuel:
nov al, [si] ;move string character into ax
cnp al, LF ;conpare ax to | F
jnz continue2 ;if ax!'=LF, then wite the character out to screen
dec cx ; decrenment character count
inc si ;increment si to point to next character
nov ax, beginx ;move beginning x into ax
nov X, ax ;nove ax into x
j agai n ;jump to | abel again, start process over again
conti nue2:
i nvoke putchar, x, y, [si], a
inc si ;increment si to point to next character
inc x ;increment col um count
dec cx ;decrenent cx, nunber of characters left in string
jnz again ;if cx!'=0, junp to | abdel again, start process over again
done:
popf ;restore flags
ret ;return flow of control to caller

di spl aystring endp
IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R EREEE

; Function: converttoascii
; Descri ption:
This function takes an input nunber of size
16 bits (65535 maxi mum val ue) and converts
; it to a string representation
;I nput :

None

B ]

; i nput - unsigned nunber that will be

; converted to a string val ue

; outputbuffer - pointer to a string that wll
; contain the ASCI| representation of

; the input nunber

; outlen - the length of the outputbuffer in

; characters

; Qut put :

; outputbuffer - a pointer to a nodified string
; now contains the ASCI| representation
; of the input word

; Return:

converttoascii proc near ¢ uses ax bx cx dx, input:word, outputbuffer:word, outlen:word
| ocal tenpbuffer[128]:byte

pushf ; save flags
nov ax, input ;initialize AX
nmov bx, 10 vinitialize BX to base 2
nmov cx, 0 ;clear CX
convert:
cnp cx, outlen ;check if CXis over max string length
je cleanup ;if CX==outlen then finish
nov dx, O ;clear DX
div bx ;divide AX by BX, store in AX
add dl, 030h ;add 30h to remminder to conver to ASClI
lea si, tenpbuffer ;1 oad address of l|ocal buffer
add si, cx ;add offset to Sl pointer
nov BYTE PTR [si], dl ;move ASCI| value into tenporary array
inc cx ;increnent of fset
cmp ax, O ;check if AXis O
jne convert ;if AXis not O then we are not done converting
nmov bx, out putbuffer ;initialize BX to output array
cl eanup:
nov al, [si] ;move | ast converted nunber into AL
nov [bx], al ;move AL into output array
inc bx ;increment BX of fset
dec si ;decrenment S| of fset
dec cx ;decrenment nunber of characters |eft
cmp cx, O ;check if CXis equal to O
g jnz cl eanup ;if CXI=0 then we have nore char's to nove
one:
popf ;restore flags
ret ;return to caller

converttoascii endp
end



