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Subroutine Call Problems

is done.

1. The subroutine tolower branches to label finish when it
saved?

2. The subroutine tolower modifies the register $s0.
1. How does the subroutine return to the caller?
4. How and where are registers used by the subroutine

e Issues in implementing subroutines:
2. Where is the result returned?
3. Where are parameters passed?

e Problems with this approach:

J

5. Where does the subroutine store its local variables?

\_
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Example I I

e Suppose we want to write a subroutine
that converts an upper-case ASCII
character to lower case. This involves
adding 0x20 to the upper-case value.
The subroutine will have one parameter,
the upper-case character, and return the
lower-case character. Here is the first

attempt:
.data
char: .byte ’A’
.text
main: lbu $s0, char
b tolower
finish: 1i $v0, 10
syscall #exit
tolower: add $s0, $s0, 0x20
b finish
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Recursion Examples I

_ Example I (Factorial function): ___

e Ry and R; are registers that hold
temporary results.

_ Example II (Fibonacci function):

e We show the status of the stack after the
first call to B(1) has completed and the
first call to B(0) is almost ready to

return.

o The next step will be to pop B(0)’s AR,
return to B(2), and then for B(2) to
return with the sum B(1)+B(0).

B(3)

i

B(2) B( 1) B(1) B(0)

B(1) B(0)
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memory
addresses

Local variables

arg n

arg 3

arg 2

arg 1

arg 0
saved registers
local variables

$fp —
$sp —
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Procedure call steps — Cleanup

1. Restore any caller-saved registers.

Example I I

e Compute 10! (10 factorial). The C code

1S:

main() {
print_str("The answer is: ");
print_int(fact(10));

int fact(int n) {
if (n < 1)
return 1;
else

return (n * fact(n-1));

Slide 10-20

Example I — Notes'

1. main will have to save $fp and $ra
because it calls a subroutine, so the
stack frame needs room for 6 registers or
24 bytes (no local variables are used).

2. fact will also have to save $fp and $ra so
its stack frame will also be 24 bytes.

3. The format of each stack frame will be:

$fp —

-4 | arg 3 20
-8 | arg 2 16
-12 | arg 1 12
-16 | arg O 8
-20 ra 4
-24 fp 0
«— $sp

Slide 1022
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N\ 2 )
The Stack Frame' IV S
[3} [3) g <
© o) [] =
P P N N H O S )
n n ¢ 8 @ ® + -
=] g 8 8 8 4« = G>§
5] o «A A A A - =
$fp — ~ N N o oo 0 o)
N B oMON B M 8 ﬂ
-4 | arg 5 (22) 44 < S uowowoo o 5
j=] 74 &6 8 ® o [0)
-8 | arg 4 (y2) 40 A A A A A &0 2
s 3# # O OH O # 3# o
-12 | arg 3 (x2) 36 < %
— =t
w
-16 | arg 2 (z1) 32 4 g
=} =
-20 | arg 1 (y1) 28 ?) ~ - g
(&} [H Q —
-24 | arg 0 (x1) 24 = @ & o 8
+— ~ ~ ]
-28 ra 20 Z FST7TEPRNRE & 8
sz 16 T 22883333388
- B P P PP BB P O P =
-36 zdiff 12 + 0 -
S—
i = 3 S
-40 ydiff 8 ° o °
s 5 = = 2@ o B
-44 xdiff 4 S S a5 83555558 3
o o
4 < <
8 0 < $sp = =
° .
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MIPS distance — Compute'
o
g 8
d M
o
Q H o
E % - & sub $t0, $a3, $al # xdiff = x2-x1
© S q‘f‘-‘ © g sw $t0, -44($£fp) # store xdiff
L;T: w e L 1w $t1, -8($fp) # load y2
9 'En 5 e & sub $t0, $t1, $al # ydiff = y2-y1
« AT 1! sw $t0, -40($£fp) # store ydiff
8 *OoE OB R 1w $t1, -4($fp) # load z2
O sub $t0, $t1,%a2 # zdiff = z2-z1
I sw $t0, -36($fp) # store zdiff
Q ~ © & 1w $t0, -44($fp) # load xdiff
(@] o o <
g < NG mul $t1, $t0, $t0 # square it
2 oo 0N 1w $£0, -40($£p) # load ydiff
tg er/% ‘_: gi |“ mul $t0, $t0, $t0 # square it
o o q‘:_"" q‘} g addu $t1, $t1, $t0O # add to sum
CQ,.). » & %P 1w $t0, -36($£p) # load zdiff
- mul $t0, $t0, $t0 # square it
E .. addu $t1, $t1, $t0 # add to sum
§ B ’_g move $a0, $t1 # pass sum arg
S ﬁ % "g % jal sqrt
4
b /L J
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