Mathematics 3670: Laboratory 12

Background

In last week’s lab, we saw how it is possible to write subroutines in assembly language. We used
registers to pass parameters and introduced local save areas to maintain register values.

These techniques are fine for many situations, but there are limitations. For example, what if
we have a routine with more than a small handful of parameters? There aren’t enough registers
to deal with this. Another problem occurs if we want to use a recursive subroutine, since one save
area will not be enough.

For this lab, we will explore a different approach—which uses a stack and a collection of stack
frames—which does not have these shortcomings.

Pre-lab Exercises

1.

4.

Review the code given in labl2a.asm to get a sense of how it is constructed. Of special
interest is the stack frame which is used in each subroutine. Note also how each subroutine
now has three distinct pieces: the prolog, body, and epilog. Although this program has
substantially more code than previous examples, there is a great deal of regularity to it.

. Trace the execution of the main program, keeping track of how the stack changes over time.

As a starting point, consider the actions of the main program as it calls DRAW_PIXEL, which
will set up one stack frame. Can you predict the exact content of this stack frame at the
point the routine reaches its body (i.e., line 179)? How will it change when control returns
to the main program (i.e., line 29)7

. In a similar way, see if you can follow the execution of the main program as it calls DRAW_BLOCK.

This is more intricate, since DRAW_BLOCK will in turn call DRAW_PIXEL. Note that two stack
frames will now be used, one for each routine.

Read the entire lab to see what you are being asked to do for this week’s lab.

Lab Exercises

1.
2.

Obtain copies of this week’s lab files and place them in your lc3 folder.

Start the simulator and prepare to run the 1lab12a program. Single step through the program
and carefully watch the registers to see the program in “slow motion.” Of particular interest
is the stack frames. After each subroutine has finished building its stack frame (i.e., at the
beginning of the subroutine body), inspect memory to see the frame contents.

. Modify DRAW_BLK as follows. As written, it always produces a 2 x 2 block of green pixels.

Instead, we would like an s x s block of pixels of a specified color. To do this, use four
parameters: the block row, block column, block size, and block color.

. Prove to yourself that your modified subroutine is working. To do this, adjust the main

program so it produces various squares of different sizes and colors.

. To complete the lab, you have several choices. Choose one of the following:

e Using ideas from Lab 11, display a color-coded version of Pascal’s triangle modulo 2.
All subroutines in your program should now be stack-based.

e Design and implement a subroutine, DRAW_BRD, which will display an n xn checkerboard,
using squares of size s. Squares should appear in two different colors, ¢; and ca. Your
board drawing routine thus has four parameters which control how it is to appear. The
board should be placed flush to the upper left-hand corner of the display.
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Submissions

Before submitting your work, make sure your name appears in each of the programs you wrote.
Also, ensure that each of your programs is generously commented.

Create a lab12 folder and place copies of all .asm programs you wrote in this folder. Submit
the folder by dragging it onto the EIU submission icon.

;3 Subroutines with stack frames: improved parameter passing

;3 Lights one pixel and one 2x2 square block
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Appendix
Contents of labl2a.asm

;3 Author: Bill Slough
.0RIG x3000

START LD R6,TOP
AND R5,R5,#0
LD RO,ROW
ADD R6,R6,#-1
STR RO,R6,#0
LD RO, COLUMN
ADD R6,R6,#-1
STR RO,R6,#0
LD RO,RED
ADD R6,R6,#-1
STR RO,R6,#0
JSR DRAW_PIXEL
ADD R6,R6,#3
LD RO,BROW
ADD R6,R6,#-1
STR RO,R6,#0
LD RO, BCOLUMN
ADD R6,R6,#-1
STR RO,R6,#0
JSR DRAW_BLK
ADD R6,R6,#2

STOP HALT

TOP .FILL x6000

ROW .FILL 2

COLUMN .FILL 8

RED .FILL x7C00

; where

; initialize stack pointer
; frame pointer = null

; push ROW

; push COLUMN

; push RED

; DRAW_PIXEL(ROW, COLUMN, RED)
; remove parameters from stack frame

; push BROW

; push BCOLUMN

; DRAW_BLOCK (BROW, BCOLUMN)

; remove parameters from stack frame
does the stack begin?

; which pixel row?

; which pixel column?
; desired color for pixel
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BROW

DRAW_BLK

FILL 3
BCOLUMN .FILL 8

; which block row?
; which block column?

B 6 o s o1 v 1 o
;; Draw a 2x2 green block at a specified location

;; Parameters:

H b_row —-- which row of blocks

HR b_column -- which column of blocks

;; Frame offsets:

MY -2 saved R2

HE -1 saved R1

HS 0 saved RO

HK +1 previous frame pointer

HR +2 return address

H +3 column

HH +4 row

;5 PROLOG

ADD R6,R6,#-1 ;

STR R7,R6,#0 ; push return address

ADD R6,R6,#-1 H

STR R5,R6,#0 ; push previous frame pointer

ADD R5,R6,#-1 ; establish frame pointer for this frame
STR RO,R6,#-1 ; save registers being used in this routine
STR R1,R6,#-2 H

STR R2,R6,#-3 H

ADD R6,R6,#-3 ; adjust stack pointer to the top of the frame
;; BODY

LDR RO,R5,#4 ; RO = b_row

LDR R1,R5,#3 ; R1 = b_column

LD R2,GREEN ; R2 = green

ADD RO,RO,RO ; RO = 2 * b_row

ADD R1,R1,R1 ; R1 = 2 * b_column

ADD R6,R6,#-1 ; upper left pixel in block

STR RO,R6,#0 ; push RO

ADD R6,R6,#-1 )

STR R1,R6,#0 ; push R1

ADD R6,R6,#-1 H

STR R2,R6,#0 ; push R2

JSR DRAW_PIXEL ; draw_pixel(2 * b_row, 2 * b_column, GREEN)
ADD R6,R6,#3 ; remove parameters

ADD R1,R1,#1 ; upper right pixel in block

ADD R6,R6,#-1 ;

STR RO,R6,#0 ; push RO

ADD R6,R6,#-1 )

STR R1,R6,#0 ; push R1

ADD R6,R6,#-1 H

STR R2,R6,#0 ; push R2
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JSR
ADD

ADD
ADD
STR
ADD
STR
ADD
STR
JSR
ADD

ADD
ADD
STR
ADD
STR
ADD
STR
JSR
ADD

LDR
LDR
LDR
LDR
LDR
ADD
RET
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DRAW_PIXEL
R6,R6,#3

RO,RO,#1
R6,R6,#-1
RO,R6,#0
R6,R6,#-1
R1,R6,#0
R6,R6,#-1
R2,R6,#0
DRAW_PIXEL
R6,R6,#3

R1,R1,#-1
R6,R6,#-1
RO,R6,#0
R6,R6,#-1
R1,R6,#0
R6,R6,#-1
R2,R6,#0
DRAW_PIXEL
R6,R6,#3

EPILOG

R2,R5,#-2
R1,R5,#-1
RO,R5,#0
R7,R5,#2
R5,R5,#1
R6,R6,#5

; draw_pixel(2 * b_row, 2 * b_column + 1, GREEN)
; remove parameters

; lower right pixel in block

; push RO

; push R1

; push R2

; draw_pixel(2 * b_row + 1, 2 * b_column + 1, GREEN)
; remove parameters

; lower left pixel in block

; push RO

; push R1

; push R2

; draw_pixel(2 * b_row + 1, 2 * b_column, GREEN)
; remove parameters

; restore R2

; restore R1

; restore RO

; get the return address

; restore the previous frame pointer

; adjust the stack pointer, deallocate frame

;; Constants used by DRAW_BLK

GREEN

EI)

DRAW_PIXEL

.FILL

Subroutine

x03E0

;; Draw a pixel on

5
55
55
55
5
5

EI)

EI)

ADD

Parameters:

row -
column --
color -

Frame offsets:

the graphics display unit at a specified location

a value between 0 and 123
a value between 0 and 127
a 15-bit RGB value

-4 saved R4
-3 saved R3
-2 saved R2
-1 saved R1
0 saved RO
+1 previous frame pointer

+2 return
+3 color
+4 column
+5 row

PROLOG

R6,R6,#-1

address
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; push return address

; push previous frame pointer

; establish frame pointer for this frame

; save registers being used in this routine

; adjust stack pointer to the top of the frame

color

PIX_PER_ROW * row + column

; RO = row

; R1 = column
; R2 =

; R3 =

; R4 =

address of desired pixel

; Video[row,column] = color

; restore
; restore
; restore
; restore
; restore
; get the
; restore

R4

R3

R2

R1

RO

return address

the previous frame pointer

; adjust the stack pointer, deallocate frame

; base address of

the video display

; number of pixels per row

STR R7,R6,#0

ADD R6,R6,#-1

STR R5,R6,#0

ADD R5,R6,#-1

STR RO,R6,#-1

STR R1,R6,#-2

STR R2,R6,#-3

STR R3,R6,#-4

STR R4,R6,#-5

ADD R6,R6,#-5

;; BODY

LDR RO,R5,#5

LDR R1,R5,#4

LDR R2,R5,#3

ADD R3,R0O,#0

LD R4,PIX_PER_ROW

MUL R3,R3,R4

ADD R3,R3,R1

LD R4,VIDEO_ADDR

ADD R4,R4,R3

STR R2,R4,#0

;3 EPILOG

LDR R4,R5,#-4

LDR R3,R5,#-3

LDR R2,R5,#-2

LDR R1,R5,#-1

LDR RO,R5,#0

LDR R7,R5,#2

LDR R5,R5,#1

ADD R6,R6,#7

RET

;; Constants used by DRAW_PIXEL
VIDEO_ADDR .FILL xC000
PIX_PER_ROW .FILL 128

.END



