Mathematics 3670: Another Look at Stack Frames

’ Address ‘ Contents ‘

xbfdc
x5fdd
xbfde
xbfdf
x5fel
xbfel
xbfe2
xb5fe3
xbfed
xbfeb
x5feb
xbfe7
x5fe8
xb5fe9
xbfea
xbfeb
xbfec
xbfed
xbfee
xbfef
x5££f0
xbff1
x5£f2
x5f£f3
xbff4
x5ff5
xb5ff6
xbf£f7
xb5ff8
x5£f9
xbffa
x5ffb
xbffc
xbffd
xbffe
xbfff
x6000

Figure 1: A portion of the LC-3 memory. Where are the stack frames?
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Figure 2: A portion of the LC-3 memory. Where are the stack frames?
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Appendix

Contents of factorial.asm

START

STOP

TOP

M

MESG
NEWLINE

FACT

;3 Autho

EI)

r: Bill Slough

;3 Illustration of a simple recursive function, N!

LI

.0RIG x3000

;3 Main program...................
LD R6,TOP ;
AND R5,R5,#0 H
LD RO,M ;
ADD R6,R6,#-1 H
STR RO,R6,#0 ;
JSR FACT ;
LDR R1,R6,#0 H
ADD R6,R6,#2 H
ADD R6,R6,#-1 H
STR RO,R6,#0 H
JSR PUTHEX ;
ADD R6,R6,#1 H
LEA RO,MESG ;
PUTS ;
ADD R6,R6,#-1 H
STR R1,R6,#0 ;
JSR PUTHEX ;
ADD R6,R6,#1

LEA RO, NEWLINE ;
PUTS H
HALT

FILL x6000 ;
.FILL 4

.STRINGZ " factorial is "
.STRINGZ "\n"

;3 Subroutine ........... ... ...
;; Computes the value of N factori
;; Parameters:

HR N -- a nonnegative i
;; Frame offsets:

HE -1 saved R1

HE 0 saved RO

MK +1 previous frame pointer
HN +2 return address

initialize stack pointer
frame pointer = null

push M

R1 = FACT(M)

puthex (RO)

write(" factorial is ")

puthex(R1)

write("\n")

where does the stack begin?

al

nteger
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IF

THEN

ELSE

ENDIF

PUTHEX

HH +3 N

;5 PROLOG

ADD R6,R6,#-1
STR R7,R6,#0

ADD R6,R6,#-1
STR R5,R6,#0

ADD R5,R6,#-1
STR RO,R6,#-1
STR R1,R6,#-2
ADD R6,R6,#-2
;; BODY

LDR RO,R5,#3

BRnp ELSE

ADD RO,RO,#1

BR ENDIF

ADD RO,RO,#-1
ADD R6,R6,#-1
STR RO,R6,#0

JSR FACT

LDR RO,R6,#0

ADD R6,R6,#2

LDR R1,R5,#3

MUL RO,RO,R1

;3 EPILOG

LDR R7,R5,#2

STR RO,R5,#2

LDR R1,R5,#-1
LDR RO,R5,#0

LDR R5,R5,#1

ADD R6,R6,#3

RET

;3 Subroutine

; 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

; if (n = 0) then

return 1

; else

push (n-1)

RO = FACT(n-1)

return n * FACT(n-1)

; end if

; get the return address

; deposit the return value

; restore R1

; restore RO

; restore the previous frame pointer

; adjust the stack pointer, deallocate frame

;; Displays the hexadecimal representation of a given quantity

EI)

;; Parameters:
N -- a 16-bit quantity

)

EI)

;; Frame offsets:

-4 saved R4
-3 saved R3
-2 saved R2
-1 saved R1
0 saved RO

+1 previous frame pointer

+2 return address

HH +3 N

;3 PROLOG

ADD R6,R6,#-1
STR R7,R6,#0

; push return address
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LOOP

DIGITS
RESULT
MASK2

"0123456789ABCDEF"

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,#3
LD R2,MASK2
AND R1,R1,#0
ADD R1,R1,#3
AND R3,R0,R2
LEA R4,DIGITS
ADD R4,R4,R3
LDR R4,R4,#0
LEA R3,RESULT
ADD R3,R3,R1
STR R4,R3,#1
ADD R6,R6,#-1
STR RO,R6,#0
JSR SHIFT4
LDR RO,R6,#0
ADD R6,R6,#2
ADD R1,R1,#-1
BRzp LOoopP

LEA RO,RESULT
PUTS

;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

.STRINGZ

.STRINGZ "
.FILL x000F

;3 Subroutine

)

>

)
)
>
>
>
)
>

)

)

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

get N from stack frame
mask for least significant hex digit

i=3
repeat
isolate least significant digit

hex_digit = hex(least significant digit)

result[i + 1] = hex_digit

push N

=
I

SHIFT4(N)

i=1i-1
until (1 < 0)

write(result)

; restore R4

restore R3

; restore R2

; restore R1

; restore RO

; get the return address

; restore the previous frame pointer

; adjust the stack pointer, deallocate frame

; mask for least significant hex digit
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SHIFT4

LOOP2

IF2

EIF2

ELOOP2

;3 Shift right 4 bits

EI)

;; Parameters:

LI

)

N -- a 16-bit quanti

;3 Return value:

EI)

EI)

the 16 bit value obtai

;; Frame offsets:

-4 saved R4

-3 saved R3

-2 saved R2

-1 saved R1

0 saved RO

+1 previous frame pointer
+2 return address

HH +3 N

;5 PROLOG

ADD R6,R6,#-1 H
STR R7,R6,#0 ;
ADD R6,R6,#-1 )
STR R5,R6,#0 H
ADD R5,R6,#-1 ;
STR RO,R6,#-1 5
STR R1,R6,#-2 H
STR R2,R6,#-3 H
STR R3,R6,#-4 ;
STR R4,R6,#-5

ADD R6,R6,#-5 )
;; BODY

AND RO,RO,#0 ;
AND R3,R3,#0 )
ADD R3,R3,#1 ;
LD R1,MASK ;
LD R2,COUNT ;
LDR R4,R5,#3 ;
AND R4,R4,R1 )
BRz EIF2 ;
ADD RO,RO,R3 H
ADD R3,R3,R3 ;
ADD R1,R1,R1 )
ADD R2,R2,#-1 )
BRp LOOP2 ;
;3 EPILOG

LDR R7,R5,#2 )
STR RO,R5,#2 )
LDR R4,R5,#-4 H
LDR R3,R5,#-3 H

ty

ned by shifting N right 4 bits

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

result = 0

x =1

mask (for bit 4)
i=12

repeat

if (current bit of N = 1) then

result = result + x
end if
x = left_shift(x)
mask = left_shift (mask)
i=1i-1
until (i = 0)

get the return address
deposit the return value
restore R4

restore R3
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MASK
COUNT

LDR
LDR
LDR
LDR
ADD
RET
.FILL
.FILL
.END

R2,R5,#-2
R1,R5,#-1
RO,R5,#0
R5,R5,#1
R6,R6,#6

x0010
12

; restore R2

; restore R1

; restore RO

; restore the previous frame pointer

; adjust the stack pointer, deallocate frame

; mask for bit 4
; loop count



