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Announcements

* Problem Set 4 due Friday
e Lab 3 due Sunday
e Office hours: Tuesday 13:30-14:30



Last Class

* Spill and fill registers whose
values we need to preserve
— Return address Sra
— Any saved registers $s0-Ss7

— Any temporary registers over
function calls

— Any time we have more
variables than fit in registers

$sp— 7FFf FFfCye,

$gp— 1000 8000,
1000 0000,

pc— 0040 0000,
0

Stack

!
T

Dynamic data

Static data

Text

Reserved




Leaf function Example

 Ccode:
int leaf_example(int g, 1nt h, 1nt 1, 1nt j) {
int f = (g +h) - (G + 3);
return T;

}
— Arguments g, ..., j in $ao, ..., Sa3

—fin SsO (hence, need to save $s0O on stack)
— Result in SvO



Leaf Procedure Example

e MIPS code: int leaf_example(int g, int h,
e leaf example: | int 1, int j) {
addi $sp, $sp, -4 int f=(+h) -0+ 7J);
sw $s0, 0($sp) return f;
}

add $to, %$a0, %al
add $t1, $a2, $a3
sub $s0, $to, $t1
move $vO, $s0

lw  $s0, 0($sp)
addi $sp, $sp, 4
jr $ra



Process Stack

PC—>

leaf_ex: addi $sp, $sp, -4
sw  $s0, 0($sp) sp &
add $t0, $a0, $al
add $tl1, $%$a2, $a3
sub $s0, $t0, $t1
add $v0, $s0, $zero
Tw  $s0, 0($sp)
addi $sp, $sp, 4
jr  $ra
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Process Stac

>leaf _ex:

addi
SW
add
add
sub
add

Tw
addi

jr

$sp
$s0
$t0
$tl
$s0
$vO
$s0
$sp
$ra

$sp, -4
0($sp)
$a0, $al
$a2, $a3
$t0, $tl
$s0, $zero
0($sp)
$sp, 4

Reg

Ss0: 25 Sa0l: 5
StO:

Arguments g, ..., j in $a0, ..., Sa3

fin SsO (hence, need to save $sO on stack)

Result in SvO

isters

St1:

Sal: 2

SvO:

Sa2: 3

Sa3: 1
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Process Stac

leaf_ex: addi $sp, $sp, -4

PC——> SW $s0, 0($sp)
add $t0, $%$a0, $al
add $t1, $a2, $a3 .
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Process Stac

leaf_ex:
SW

Tw

jr

addi

PC——> add
add
sub
add

addi

$sp, $sp, -4

$s0
$t0
$tl
$s0
$vO
$s0
$sp
$ra

0($sp)
$a0, $al

$a2, $a3
$t0, $tl
$s0, $zero

0($sp)
$sp, 4

Arguments g, ..., j in $a0, ..., Sa3

fin SsO (hence, need to save $sO on stack)

Result in SvO

Registers
Ss0: 25 Sa0: 5

Sal: 2
St0: 7 Stl: SvO:

Sa2:

3 Sa3:1
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Process Stac

leaf_ex:
SW

Tw

jr

addi

add
PG——> add

sub
add

addi

$sp, $sp, -4

$s0
$t0
$tl
$s0
$vO
$s0
$sp
$ra

0($sp)
$a0, $al

$a2, $a3
$t0, $tl
$s0, $zero

0($sp)
$sp, 4

Arguments g, ..., j in $a0, ..., Sa3

fin SsO (hence, need to save $sO on stack)

Result in SvO

Registers
Ss0: 25 Sa0: 5
St0: 7

Sal:?2
Stl: 4 SvO:

Sa2:

3 Sa3:1

SP
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Process Stac

leaf_ex: addi $sp, $sp, -4
sw  $s0, 0($sp)
add $t0, $a0, $al
add $tl1, $%$a2, $a3

PC——> sub $s0, $t0, $tl SP
add $v0, $s0, $zero
Tw  $s0, 0($sp)
addi $sp, $sp, 4
jr  $ra

Arguments g, ..., j in $a0, ..., Sa3
fin SsO (hence, need to save $sO on stack)
Result in SvO

Registers
Ss0:3 Sa0: 5 Sal:2 Sa2: 3 Sa3:1
St0: 7 Stl: 4 SvO:
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Process Stac

leaf_ex: addi $sp, $sp, -4
sw  $s0, 0($sp)
add $t0, $a0, $al
add $tl1, $%$a2, $a3
sub $s0, $t0, $t1 SP

PC——> add $v0, $s0, $zero
Tw  $s0, 0($sp)
addi $sp, $sp, 4
jr  $ra

Arguments g, ..., j in $a0, ..., Sa3
fin SsO (hence, need to save $sO on stack)
Result in SvO

Registers
Ss0:3 Sa0: 5 Sal:2 Sa2: 3 Sa3:1
St0: 7 Stl: 4 Sv0: 3
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Process Stac

leaf_ex:
SW

PC——> 1w

jr

addi

add
add
sub

add

addi

$sp, $sp, -4

$s0
$t0
$tl
$s0
$vO
$s0
$sp
$ra

0($sp)
$a0, $al

$a2, $a3
$t0, $tl
$s0, $zero

0($sp)
$sp, 4

Arguments g, ..., j in $a0, ..., Sa3

fin SsO (hence, need to save $sO on stack)

Result in SvO

Registers
Ss0: 25 Sa0: 5
St0: 7 Stl: 4

Sal: 2
Sv0: 3

Sa2: 3

Sa3: 1

SP
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Process Stac

leaf_ex: addi $sp, $sp, -4
sw  $s0, 0($sp)
add $t0, $a0, $al
add $tl1, $%$a2, $a3 Sp
sub $s0, $t0, $t1
add $v0, $s0, $zero
Tw  $s0, 0($sp)

PC——> addi $sp, $sp, 4
jr  $ra

Arguments g, ..., jin Sa0, ..., Sa3
fin SsO (hence, need to save $sO on stack)
Result in SvO

Registers
Ss0: 25 Sa0: 5 Sal:2 Sa2: 3 Sa3:1
St0: 7 Stl: 4 Sv0: 3
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Process Stac

leaf_ex: addi $sp, $sp, -4
sw  $s0, 0($sp)
add $t0, $a0, $al
add $tl1, $%$a2, $a3 Sp
sub $s0, $t0, $t1
add $v0, $s0, $zero
Tw  $s0, 0($sp)
addi $sp, $sp, 4

PC—> Jr $ra

Arguments g, ..., jin Sa0, ..., Sa3
fin SsO (hence, need to save $sO on stack)
Result in SvO

Registers
Ss0: 25 Sa0: 5 Sal:2 Sa2: 3 Sa3:1
St0: 7 Stl: 4 Sv0: 3
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Non-Leaf Procedures

* Procedures that call other procedures
 For nested call, caller needs to save on the stack:

— Its return address
— Any arguments and temporaries needed after the call

e Restore from the stack after the call



Non-Leaf Procedure Example

e Ccode:

int fact (int n) {
1f (n < 2)
return 1;
else
return n * fact(n - 1);

¥

— Argument n in Sa0
— Result in SvO



Process Stack

main ()
{
5 int x;
x = fact(3);
}
fact (int n)

{

if (n < 2)

return 1;
else

return n * fact(n - 1);




Process Stack

main ()

{

int x;

> X = fact(3), e—
}

fact (int n)
{ intn=3

7777777
: o ;
if (n < 2) :

return address

re t urn l M i S e

: A ;.-"f’x A
s
e e
else e
£ * fact 1 i
—_ * o T
return n act (n ) i e
e
} e
e
e
e
e
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Process

Stack

{

}

{

fact

—> i f

main ()

int x;

X:

else

fact (3); €«—

(int n)

(n < 2)

return 1;

return n * fact(n -

1)

o
’

return address

intn=3
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Process Stack

main ()

int x;

X = fact (3),; e—

return address

}

fact (int n)
{ intn=3

if (n < 2)

return 1;
else

_return address

intn=2
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Process Stack

main ()

int x;

X = fact (3),; e—

return address

}

fact (int n)
{ intn=3

> 1if (n < 2) _return address

return 1;

else
intn=2

’x’.—’x’.—’f.-’/.—"f.—
.-' .-' ‘.* Py

return n * fact(n - 1) ;&

f‘ Ry Rttty
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Process Stack

main ()
{
int x;
X = fact (3),; e—

}
fact

{
if

else

-

}

(int n)

(n < 2)

return 1;

return n *

fact(n - 1) ; &

return address

intn=3

_return address

intn=2

$\

~eturn address

intn=1

. S



Process Stack

main ()

{

int x;

X = fact (3),; e—

}

fact (int n)
{ intn=3

return address

—> 1f (n < 2) _return address

return 1;

else

return n * fact(n - 1) ;4 intn=2

} €

intn=1

. S



Process Stack

main ()

int x;

X = fact (3),; e—

return address

}

fact (int n)
{ intn=3

if (n < 2)

— return 1;
else

_return address

intn=2

i ’x’.—’.f__.-’/.-’/.-".f__.- et "x'.-" "x' ?x?z?x?.ﬂ?z?x?z?.ﬂ?x

return n * fact(n - 1) ;&

i o ARy
“ “ If__ If__ o If__ ' x’.—"'x’.-?;?z?x?x?z?x?x?.ﬂ?x?.ﬂ? 4

Sra
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Process Stack

main ()

int x;

X = fact (3),; e—

}
fact (int n)

return address

intn=3

if (n < 2)

_return address
return 1;
else

5 return n * fact(n - 1);& intn=2
}

i
e e
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Process Stack

main

{

}

}

int x;

X = fact (3),; e—

()

fact (int n)
{
if (n < 2)
return 1;
else
5 return n * fact(n - 1); e

Sra

return address

intn=3

e
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Process

Stack

{

}

main

()

return address

int x;
x = fact (3); &=
}
fact (int n)
{
if (n < 2)
return 1;
else
s return n * fact(n -

1)

o
’

intn=3

e,
e
e
e
v
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Process Stack

main ()
{
int x;
x = fact(3); Sra

}
fact (int n)

{
1f (n < 2)

return 1;
else

— return n * fact(n - 1);

}




Process Stack

main ()

{

int x;

—» x = fact (3);
}
fact (int n)
{
if (n < 2)

return 1;
else

return n * fact(n - 1);




Non-Leaf Procedure Example

e MIPS code:

fact:

Tw  $a0, 0($sp)
Tw  $ra, 4($sp)
addi $sp, $sp, 8
mul $vO, $al0, $vO
jr  $ra

restore original n

and return address
pop 2 items from stack
multiply to get result
and return

addi $sp, $sp, -8 # adjust stack for 2 items
sw $ra, 4($sp) # save return address
sw  $a0, 0($sp) # save argument
s1ti $t0, $a0, 2 # test for n < 2
beq $t0, $zero, L1
addi $v0, $zero, 1 # if so, result is 1
addi $sp, $sp, 8 # pop 2 items from stack
jr  $ra # and return
L1: addi $a0, $a0, -1 # else decrement n
jal fact # recursive call
#
#
#
#
#



Sra = 0x864 fa Ct( 3 )

Sa0=3

Sv0 =

St0 =

PC—>
fact:

addi $sp, $sp, -8 # adjust stack for 2 items
sw $ra, 4($sp) # save return address
sw $a0, 0($sp) # save argument
slti $t0, $a0, 2 # test for n < 2
beq $t0, $zero, L1
addi $vO0, $zero, 1 # if so, result is 1
addi $sp, $sp, 8 # pop 2 items from stack
jr  $ra # and return

L1: addi $a0, $a0, -1 # else decrement n
jal fact # recursive call
Tw  $a0, 0($sp) # restore original n
Tw  $ra, 4($sp) # and return address
addi $sp, $sp, 8 # pop 2 items from stack
mul $v0, $a0, $vO # multiply to get result
jr  $ra # and return

SP
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Sra = 0x864 fa Ct
Sa0=3
SvO =
St0 =
fact:
PC———> addi $sp, $sp, -8 # adjust stack for 2 items SP
gty
sw $ra, 4($sp) # save return address 2
sw $a0, 0($sp) # save argument jjﬁ
s1ti $t0, $al, 2 # test for n < 2 e
beq $t0, $zero, L1 :
addi $vO0, $zero, 1 # if so, result is 1
addi $sp, $sp, 8 # pop 2 items from stack
jr  $ra # and return
L1: addi $a0, $a0, -1 # else decrement n o
: ; et 7
jal fact # recursive call ﬁ%ﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁ#ﬁﬁﬁﬁﬁﬁqﬁ;
Tw  $a0, 0($sp) # restore original n s,
e e
Tw  $ra, 4($sp) # and return address S
addi $sp, $sp, 8 # pop 2 items from stack s
mul $v0, $a0, $vO # multiply to get result e
. ’ ’ e e
jr  $ra # and return e
e e
e e
e
e e
e e
e e
e e




Sra = 0x864 fa Ct
Sa0=3
SvO =
St0 =
™ ra = 0x864
fact:
addi $sp, $sp, -8 # adjust stack for 2 items SP .
PC———> sw  $ra, 4($sp) # save return address i
sw $a0, 0($sp) # save argument jjﬁ
s1ti $t0, $a0, 2 # test for n < 2 e
beq $t0, $zero, L1 :
addi $vO0, $zero, 1 # if so, result is 1
addi $sp, $sp, 8 # pop 2 items from stack
jr  $ra # and return
L1: addi $a0, $a0, -1 # else decrement n o
: ; et 7
jal fact # recursive call ﬁ%ﬁﬁﬁﬁﬁﬁﬁ%ﬁﬁ#&ﬁﬁ&ﬁ&ga;
Tw  $a0, 0($sp) # restore original n s,
e
Tw $ra, 4($sp) # and return address e
addi $sp, $sp, 8 # pop 2 items from stack .
. g e
mul  $v0, $a0, $v0  # multiply to get result o
jr $ra # and return T
el
el
s Wﬁ?ﬁ?}ﬁi?}ﬁi?}ﬁiﬁ?}f
T
T
el
el




Sra = 0x864 fa Ct
Sa0=3
SvO =
St0 =
™ ra = 0x864
fact:
addi $sp, $sp, -8 # adjust stack for 2 items SP .
sw $ra, 4($sp) # save return address i
PC——> sw  $a0, 0($sp) # save argument j-ﬁi
s1ti $t0, $a0, 2 # test for n < 2 e
beq $t0, $zero, L1 :
addi $vO0, $zero, 1 # if so, result is 1
addi $sp, $sp, 8 # pop 2 items from stack
jr  $ra # and return
L1: addi $a0, $a0, -1 # else decrement n o
: ; et 7
jal fact # recursive call ﬁ%ﬁﬁﬁﬁﬁﬁﬁ%ﬁﬁ#&ﬁﬁ&ﬁ&ga;
Tw  $a0, 0($sp) # restore original n s,
e
Tw $ra, 4($sp) # and return address ,Wﬁg_,%%%%%;?;?;g;%«}
addi $sp, $sp, 8 # pop 2 items from stack .
mul $v0, $a0, $vO # multiply to get result e
. ’ ’ e
jr  $ra # and return e
el
el
s Wﬁ?ﬁ?}iﬁﬁ?ﬁﬁ?}ﬁﬁﬁ?ﬁ?}f
T
T
el
el




Sra = 0x864 fa Ct
Sa0=3
SvO =
St0=0
™ ra = 0x864
fact:
addi $sp, $sp, -8 # adjust stack for 2 items SP .
sw $ra, 4($sp) # save return address 2
sw $a0, 0($sp) # save argument jjﬁ
PC——> s1ti $t0, $a0, 2 # test for n < 2 7
beq $t0, $zero, L1 :
addi $vO0, $zero, 1 # if so, result is 1
addi $sp, $sp, 8 # pop 2 items from stack
jr  $ra # and return
L1: addi $a0, $a0, -1 # else decrement n o
: ; et 7
jal fact # recursive call ﬁ%ﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁ#ﬁﬁﬁﬁﬁﬁqﬁ;
Tw  $a0, 0($sp) # restore original n s,
e e
Tw  $ra, 4($sp) # and return address i
ad?1 gsg, gsg, 2 . z pog 2 }tems from staﬁk %%%%%%%%%%%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%
mu vO, a0, V] multiply to get result e e
; : e
jr  $ra # and return e
e e
e e
e
e e
e e
e e
e e




Sra = 0x864 fa Ct
Sa0=3
Sv0 =
St0=0
™ ra = 0x864
fact:
addi $sp, $sp, -8 # adjust stack for 2 items SP -
sw $ra, 4($sp) # save return address i
sw $a0, 0($sp) # save argument :jﬁ
sTti $t0, $a0, 2 # test for n < 2 7
PC———> beq $t0, $zero, L1 :
addi $vO0, $zero, 1 # if so, result is 1
addi $sp, $sp, 8 # pop 2 items from stack
jr  $ra # and return
L1: addi $a0, $a0, -1 # else decrement n = :
jal fact # recursive call é%%%%%%%ﬁ?%ﬁﬁﬁﬁﬁgﬁﬁﬁg;
Tw  $a0, 0($sp) # restore original n k%ﬁﬁ%ﬁﬁﬁ%ﬁﬁﬁ%ﬁ%ﬁ%ﬁ%%ﬁ}
Tw  $ra, 4($sp) # and return address e
- e
addi $sp, $sp, 8 # pop 2 items from stack g
mul $v0, $a0, $vO # multiply to get result ﬁ%ﬁ%ﬁ%@%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ
jr  $ra # and return Wﬁﬁﬁﬁﬁﬁﬁ
s
e
e e
e e
e e
e e




Sra = 0x864 fa Ct
Sa0=2
SvO =
St0=0
™ ra = 0x864
fact:
addi $sp, $sp, -8 # adjust stack for 2 items SP .
sw $ra, 4($sp) # save return address i
sw $a0, 0($sp) # save argument :jﬁ
s1ti $t0, $al, 2 # test for n < 2 o
beq $t0, $zero, L1 :
addi $vO0, $zero, 1 # if so, result is 1
addi $sp, $sp, 8 # pop 2 items from stack
jr  $ra # and return
PC—~L1» addi $a0, $a0, -1 # else decrement n i :
jal fact # recursive call ﬁ%@@@@@@ﬁgggﬁﬁﬁﬁﬁﬁﬁﬂg;
. e
Tw  $a0, 0($sp) # restore original n ﬁ%ﬁ%@%@%%%%ﬁﬁﬁﬁﬁﬁﬁ%ﬁ%}
Tw  $ra, 4($sp) # and return address i
. . s,
addi $sp, $sp, 8 # pop 2 items from stack s
mul $v0, $a0, $vO # multiply to get result G
jr  $ra # and return s
e e
e e
e
e e
e e
e e
e e




After this line of code, the next line of code we run will be

fact:
addi $sp, $sp, -8 # adjust stack for 2 items
sw $ra, 4($sp) # save return address
sw $a0, 0($sp) # save argument
slti $t0, $a0, 2 # test for n < 2
beq $t0, $zero, L1
addi $vO0, $zero, 1 # if so, result is 1
addi $sp, $sp, 8 # pop 2 items from stack
jr  $ra # and return

L1: addi $a0, $a0, -1 # else decrement n
PACG——> jal fact # recursive call

Tw  $a0, 0($sp) # restore original n
Tw  $ra, 4($sp) # and return address
addi $sp, $sp, 8 # pop 2 items from stack
mul $v0, $a0, $vO # multiply to get result
jr  $ra # and return

Sra = 0x864

Sa0=2

SvO =

St0=0

A.1lw $a0, 0(Ssp)

B.addi $a0, $a0, -1

C.addi S$sp, Ssp, -8
D.Jjr Sra

E.None of the above



ot fact
Sa0=2
SvO =
St0=0
™ ra = 0x864
fact:
addi $sp, $sp, -8 # adjust stack for 2 items SP .
sw $ra, 4($sp) # save return address i
sw $a0, 0($sp) # save argument :jﬁ
s1ti $t0, $al, 2 # test for n < 2 o
beq $t0, $zero, L1 :
addi $vO0, $zero, 1 # if so, result is 1
addi $sp, $sp, 8 # pop 2 items from stack
jr  $ra # and return
L1: addi $a0, $a0, -1 # else decrement n o
. - A o
PC——> jal fact # recursive call g%%%%%%%ﬁﬂﬁ?,,¢¢¢¢¢ 7
- L
Tw  $a0, 0($sp) # restore original n s
e e
Tw  $ra, 4($sp) # and return address i
addi $sp, $sp, 8 # pop 2 items from stack s
i e e
mul  $v0, $a0, $v0  # multiply to get result i
jr $ra # and return e e
e e
e e
e
e e
e e
e e
e e




Sra=L1+8
Sa0=2
Sv0 =

St0 =

fact

fact:
PC——>addi $sp,
sw $ra,
sw  $a0,
s1ti $tO0,
beq $tO0,
addi $voO,
addi $sp,
jr  $ra
L1: addi $ao0,
jal fact
Tw  $a0,
Tw  $ra,
addi $sp,
mul $vO,
jr  $ra

$sp, -8
4($sp)
0($sp)
$a0, 2
$zero, L1
$zero, 1
$sp, 8

$a0, -1

0($sp)
4($sp)
$sp, 8
$a0, $vO

H H H W

HoHoH H R HH W WHH

adjust stack for 2 items
save return address

save argument

test for n < 2

if so, result is 1
pop 2 items from stack
and return
else decrement n
recursive call
restore original n
and return address
pop 2 items from stack
multiply to get result
and return

SP

ra = 0x864
3

i
Pl g ol
e e R e,

A

e

-

A
e
A
e
e
A
A
A
e
A
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Sra=L1+8
Sa0=2
Sv0 =
St0=0

fact

fact:
addi $sp,
PC——>sw $ra,
sw  $a0,
s1ti $tO0,
beq $tO0,
addi $voO,
addi $sp,
jr  $ra
L1: addi $ao0,
jal fact
Tw  $a0,
Tw  $ra,
addi $sp,
mul $vO,
jr  $ra

$sp, -8
4($sp)
0($sp)
$a0, 2
$zero, L1
$zero, 1
$sp, 8

$a0, -1

0($sp)
4($sp)
$sp, 8
$a0, $vO

H H H W

HoHoH H R HH W WHH

adjust stack for 2 items
save return address

save argument

test for n < 2

if so, result is 1
pop 2 items from stack
and return
else decrement n
recursive call
restore original n
and return address
pop 2 items from stack
multiply to get result
and return

™ ra = 0x864

3
ra

.-"-__.-"ﬂ_ s e e
fx&fﬁfjﬁfj ,,,,, T
i

i

-
i
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s e .
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st

e
e e
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Sra=L1+8
Sa0=2
Sv0 =
St0=0

fact

fact:
addi $sp,
sw $ra,
PC——>sw $a0,
s1ti $tO0,
beq $tO0,
addi $voO,
addi $sp,
jr  $ra
L1: addi $ao0,
jal fact
Tw  $a0,
Tw  $ra,
addi $sp,
mul $vO,
jr  $ra

$sp, -8
4($sp)
0($sp)
$a0, 2
$zero, L1
$zero, 1
$sp, 8

$a0, -1

0($sp)
4($sp)
$sp, 8
$a0, $vO

H H H W

HoHoH H R HH W WHH

adjust stack for 2 items
save return address

save argument

test for n < 2

if so, result is 1
pop 2 items from stack
and return
else decrement n
recursive call
restore original n
and return address
pop 2 items from stack
multiply to get result
and return

™ ra = 0x864

3
ra

2

.-"-__.-"ﬂ_ s e e
fx&fﬁfjﬁfj ,,,,, T
i

i

-
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Sra=L1+8
Sa0=2
Sv0 =
St0=0

fact

fact:
addi $sp,
sw $ra,
sw  $a0,
PC——>sl1ti $tO0,
beq $tO0,
addi $voO,
addi $sp,
jr  $ra
L1: addi $ao0,
jal fact
Tw  $a0,
Tw  $ra,
addi $sp,
mul $vO,
jr  $ra

$sp, -8
4($sp)
0($sp)
$a0, 2
$zero, L1
$zero, 1
$sp, 8

$a0, -1

0($sp)
4($sp)
$sp, 8
$a0, $vO

H H H W

HoHoH H R HH W WHH

adjust stack for 2 items
save return address

save argument

test for n < 2

if so, result is 1
pop 2 items from stack
and return
else decrement n
recursive call
restore original n
and return address
pop 2 items from stack
multiply to get result
and return

™ ra = 0x864

3
ra

2

.-"-__.-"ﬂ_ s e e
fx&fﬁfjﬁfj ,,,,, T
i

i
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Sra=L1+8
Sa0=2
Sv0 =
St0=0

fact

fact:

addi $sp,

sw $ra,

sw  $a0,

s1ti $tO0,
PC——> beq $t0,
addi $voO,

addi $sp,

jr  $ra

L1: addi $ao0,

jal fact

Tw  $a0,

Tw  $ra,

addi $sp,

mul $vO,

jr  $ra

$sp, -8
4($sp)
0($sp)
$a0, 2
$zero, L1
$zero, 1
$sp, 8

$a0, -1

0($sp)
4($sp)
$sp, 8
$a0, $vO

H H H W

HoHoH H R HH W WHH

adjust stack for 2 items
save return address

save argument

test for n < 2

if so, result is 1
pop 2 items from stack
and return
else decrement n
recursive call
restore original n
and return address
pop 2 items from stack
multiply to get result
and return

™ ra = 0x864

3
ra

2

.-"-__.-"ﬂ_ s e e
fx&fﬁfjﬁfj ,,,,, T
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Sra=L1+8
Sa0=1
Sv0 =
St0=0

fact

fact:
addi $sp,
sw $ra,
sw  $a0,
s1ti $tO0,
beq $tO0,
addi $voO,
addi $sp,
jr  $ra
PC—L1s addi $a0,
jal fact
Tw  $a0,
Tw  $ra,
addi $sp,
mul $vO,
jr  $ra

$sp, -8
4($sp)
0($sp)
$a0, 2
$zero, L1
$zero, 1
$sp, 8

$a0, -1

0($sp)
4($sp)
$sp, 8
$a0, $vO

H H H W

HoHoH H R HH W WHH

adjust stack for 2 items
save return address

save argument

test for n < 2

if so, result is 1
pop 2 items from stack
and return
else decrement n
recursive call
restore original n
and return address
pop 2 items from stack
multiply to get result
and return

™ ra = 0x864

3
ra

2

.-"-__.-"ﬂ_ s e e
fx&fﬁfjﬁfj ,,,,, T
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Sra=L1+8
Sa0=1
Sv0 =
St0=0

fact

fact:
addi $sp,
sw $ra,
sw  $a0,
s1ti $tO0,
beq $tO0,
addi $voO,
addi $sp,
jr  $ra
L1: addi $ao0,
PC——> jal fact

Tw  $a0,
Tw  $ra,
addi $sp,
mul $vO,
jr  $ra

$sp, -8
4($sp)
0($sp)
$a0, 2
$zero, L1
$zero, 1
$sp, 8

$a0, -1

0($sp)
4($sp)
$sp, 8
$a0, $vO

H H H W

HoHoH H R HH W WHH

adjust stack for 2 items
save return address

save argument

test for n < 2

if so, result is 1
pop 2 items from stack
and return
else decrement n
recursive call
restore original n
and return address
pop 2 items from stack
multiply to get result
and return

™ ra = 0x864

3
ra

2
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Sra=L1+8
Sa0=1
Sv0 =
St0=0

fact

fact:

PC———> addi $sp,
sw $ra,
sw  $a0,
s1ti $tO0,
beq $tO0,
addi $voO,
addi $sp,
jr  $ra

L1: addi $ao0,
jal fact
Tw  $a0,
Tw  $ra,

addi $sp,
mul $vO,
jr  $ra

$sp, -8
4($sp)
0($sp)
$a0, 2
$zero, L1
$zero, 1
$sp, 8

$a0, -1

0($sp)
4($sp)
$sp, 8
$a0, $vO

H H H W

HoHoH H R HH W WHH

adjust stack for 2 items
save return address

save argument

test for n < 2

if so, result is 1
pop 2 items from stack
and return
else decrement n
recursive call
restore original n
and return address
pop 2 items from stack
multiply to get result
and return

™ ra = 0x864
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Sra=L1+8
Sa0=1
Sv0 =
St0=0

fact

fact:

addi $sp,
C—> sw $ra,
sw  $a0,

s1ti $tO0,

beq $tO0,

addi $voO,

addi $sp,

jr  $ra

L1: addi $ao0,

jal fact

Tw  $a0,

Tw  $ra,

addi $sp,

mul $vO,

jr  $ra

$sp, -8
4($sp)
0($sp)
$a0, 2
$zero, L1
$zero, 1
$sp, 8

$a0, -1

0($sp)
4($sp)
$sp, 8
$a0, $vO

H H H W

HoHoH H R HH W WHH

adjust stack for 2 items
save return address

save argument

test for n < 2

if so, result is 1
pop 2 items from stack
and return
else decrement n
recursive call
restore original n
and return address
pop 2 items from stack
multiply to get result
and return

™ ra = 0x864
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Sra=L1+8
Sa0=1
Sv0 =
St0=0

fact

fact:
addi $sp,
sw $ra,
C———> sw $ao0,
s1ti $tO0,
beq $tO0,
addi $voO,
addi $sp,
jr  $ra
L1: addi $ao0,
jal fact
Tw  $a0,
Tw  $ra,
addi $sp,
mul $vO,
jr  $ra

$sp, -8
4($sp)
0($sp)
$a0, 2
$zero, L1
$zero, 1
$sp, 8

$a0, -1

0($sp)
4($sp)
$sp, 8
$a0, $vO

H H H W

HoHoH H R HH W WHH

adjust stack for 2 items
save return address

save argument

test for n < 2

if so, result is 1
pop 2 items from stack
and return
else decrement n
recursive call
restore original n
and return address
pop 2 items from stack
multiply to get result
and return

™ ra = 0x864
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Sra=L1+8
Sa0=1
Sv0 =
Sto=1

fact

fact:
addi $sp,
sw $ra,
sw  $a0,
C——> slti $t0,
beq $tO0,
addi $voO,
addi $sp,
jr  $ra
L1: addi $ao0,
jal fact
Tw  $a0,
Tw  $ra,
addi $sp,
mul $vO,
jr  $ra

$sp, -8
4($sp)
0($sp)
$a0, 2
$zero, L1
$zero, 1
$sp, 8

$a0, -1

0($sp)
4($sp)
$sp, 8
$a0, $vO

H H H W

HoHoH H R HH W WHH

adjust stack for 2 items
save return address

save argument

test for n < 2

if so, result is 1
pop 2 items from stack
and return
else decrement n
recursive call
restore original n
and return address
pop 2 items from stack
multiply to get result
and return

™ ra = 0x864
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Sra=L1+8
Sa0=1
Sv0 =
sto=1

fact

fact:

addi $sp,

sw $ra,

sw  $a0,

s1ti $tO0,
PC——> beq $t0,
addi $voO,

addi $sp,

jr  $ra

L1: addi $ao0,

jal fact

Tw  $a0,

Tw  $ra,

addi $sp,

mul $vO,

jr  $ra

$sp, -8
4($sp)
0($sp)
$a0, 2
$zero, L1
$zero, 1
$sp, 8

$a0, -1

0($sp)
4($sp)
$sp, 8
$a0, $vO

H H H W

HoHoH H R HH W WHH

adjust stack for 2 items
save return address

save argument

test for n < 2

if so, result is 1
pop 2 items from stack
and return
else decrement n
recursive call
restore original n
and return address
pop 2 items from stack
multiply to get result
and return

™ ra = 0x864

3
ra
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Sa0=1
Sv0=1
St0=1

Sra=L1+8

fact

fact:

addi

sw

sw
s1ti

beq
PC——> addi
addi

jr
L1: addi

jal

Tw

addi
mul
jr

$sp,
$ra,
$ao0,
$t0,
$t0,
$vO,
$sp,
$ra

$ao0,
fact
$ao0,
$ra,
$sp,
$vO,
$ra

$sp, -8
4($sp)
0($sp)
$a0, 2
$zero, L1
$zero, 1
$sp, 8

$a0, -1

0($sp)
4($sp)
$sp, 8
$a0, $vO

H H H W

HoHoH H R HH W WHH

adjust stack for 2 items
save return address

save argument

test for n < 2

if so, result is 1
pop 2 items from stack
and return
else decrement n
recursive call
restore original n
and return address
pop 2 items from stack
multiply to get result
and return

™ ra = 0x864
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Sa0=1
Sv0=1
St0=1

Sra=L1+8

fact

fact:
addi
sw
sw
s1ti
beq
addi
PC——> addi
jr
L1: addi
jal
Tw

addi
mul
jr

$sp,
$ra,
$ao0,
$t0,
$t0,
$vO,
$sp,
$ra

$ao0,
fact
$ao0,
$ra,
$sp,
$vO,
$ra

$sp, -8
4($sp)
0($sp)
$a0, 2
$zero, L1
$zero, 1
$sp, 8

$a0, -1

0($sp)
4($sp)
$sp, 8
$a0, $vO

H H H W

HoHoH H R HH W WHH

adjust stack for 2 items
save return address

save argument

test for n < 2

if so, result is 1
pop 2 items from stack
and return
else decrement n
recursive call
restore original n
and return address
pop 2 items from stack
multiply to get result
and return

™ ra = 0x864
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Sa0=1
Sv0=1
St0=1

Sra=L1+8

fact

fact:
addi
sw
sw
s1ti
beq
addi
addi
PC——>Jr
L1: addi
jal
Tw
Tw
addi
mul
jr

$sp,
$ra,
$ao0,
$t0,
$t0,
$vO,
$sp,
$ra

$ao0,
fact
$ao0,
$ra,
$sp,
$vO,
$ra

$sp, -8
4($sp)
0($sp)
$a0, 2
$zero, L1
$zero, 1
$sp, 8

$a0, -1

0($sp)
4($sp)
$sp, 8
$a0, $vO

H H H W

HoHoH H R HH W WHH

adjust stack for 2 items
save return address

save argument

test for n < 2

if so, result is 1
pop 2 items from stack
and return
else decrement n
recursive call
restore original n
and return address
pop 2 items from stack
multiply to get result
and return

™ ra = 0x864

ra
4

3
2

i
f;’;’;{’;{"j{"}"ﬁ:’;

Rttt

R
s S,
A

- ' r .".. ".. ".. ".. ".. ".. ".. ".. - - -
T

o b e
e
e

e e e e
fF’ﬁ’W e

e
A A
s

i

e

A

56



Sa0=1
Sv0=1
St0=1

Sra=L1+8

fact:
addi
sw
sw
s1ti
beq
addi
addi
PC——>Jr
L1: addi
jal
Tw
Tw
addi
mul

jr

$sp,
$ra,
$ao0,
$t0,
$t0,
$vO,
$sp,
$ra

$ao0,
fact
$ao0,
$ra,
$sp,
$vO,
$ra

$sp, -8
4($sp)
0($sp)
$a0, 2
$zero, L1
$zero, 1
$sp, 8

$a0, -1

0($sp)
4($sp)
$sp, 8
$a0, $vO

H H H W

HoHoH H R HH W WHH

adjust stack for 2 items
save return address

save argument

test for n < 2

if so, result is 1
pop 2 items from stack
and return
else decrement n
recursive call
restore original n
and return address
pop 2 items from stack
multiply to get result
and return

o0 w>

m

. L1+ 8, because itin Sra
L1 + 8, because it’s the most recent value on the stack
. 0x864, because it’s the top value on the stack
. fact, because it’s the procedure call

None of the above

We will return to

ra = 0x864
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Sa0=2
Sv0=1
St0=1

Sra=L1+8

fact

fact:
addi
sw
sw
s1ti
beq
addi
addi
jr
L1: addi
jal
PC—> 1w

addi
mul
jr

$sp,
$ra,
$ao0,
$t0,
$t0,
$vO,
$sp,
$ra

$ao0,
fact
$ao0,
$ra,
$sp,
$vO,
$ra

$sp, -8
4($sp)
0($sp)
$a0, 2
$zero, L1
$zero, 1
$sp, 8

$a0, -1

0($sp)
4($sp)
$sp, 8
$a0, $vO

H H H W

HoHoH H R HH W WHH

adjust stack for 2 items
save return address

save argument

test for n < 2

if so, result is 1
pop 2 items from stack
and return
else decrement n
recursive call
restore original n
and return address
pop 2 items from stack
multiply to get result
and return

™ ra = 0x864
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Sa0=2
Sv0=1
St0=1

Sra=L1+8

fact

fact:

addi
sw
sw
s1ti
beq
addi
addi
jr

L1: addi
jal

PC—> 1w
addi
mul
jr

$sp,
$ra,
$ao0,
$t0,
$t0,
$vO,
$sp,
$ra

$ao0,
fact
$ao0,
$ra,
$sp,
$vO,
$ra

$sp, -8
4($sp)
0($sp)
$a0, 2
$zero, L1
$zero, 1
$sp, 8

$a0, -1

0($sp)
4($sp)
$sp, 8
$a0, $vO

H H H W

HoHoH H R HH W WHH

adjust stack for 2 items
save return address

save argument

test for n < 2

if so, result is 1
pop 2 items from stack
and return
else decrement n
recursive call
restore original n
and return address
pop 2 items from stack
multiply to get result
and return

™ ra = 0x864
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Sra=L1+8 fact

Sa0=2

Sv0=1

St0=1

fact:

addi $sp, $sp, -8 # adjust stack for 2 items
sw $ra, 4($sp) # save return address
sw $a0, 0($sp) # save argument
slti $t0, $a0, 2 # test for n < 2
beq $t0, $zero, L1
addi $vO0, $zero, 1 # if so, result is 1
addi $sp, $sp, 8 # pop 2 items from stack
jr  $ra # and return

L1: addi $a0, $a0, -1 # else decrement n
jal fact # recursive call
Tw  $a0, 0($sp) # restore original n
Tw  $ra, 4($sp) # and return address

PC——> addi $sp, $sp, 8 # pop 2 items from stack

mul $v0, $a0, $vO # multiply to get result
jr  $ra # and return

SP

™ ra = 0x864
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Sra=L1+8 fa Ct

Sa0=2

Sv0 =2

St0=1

fact:

addi $sp, $sp, -8 # adjust stack for 2 items
sw $ra, 4($sp) # save return address
sw $a0, 0($sp) # save argument
slti $t0, $a0, 2 # test for n < 2
beq $t0, $zero, L1
addi $vO0, $zero, 1 # if so, result is 1
addi $sp, $sp, 8 # pop 2 items from stack
jr  $ra # and return

L1: addi $a0, $a0, -1 # else decrement n
jal fact # recursive call
Tw  $a0, 0($sp) # restore original n
Tw  $ra, 4($sp) # and return address
addi $sp, $sp, 8 # pop 2 items from stack

PC——>mul $v0, $a0, $vO # multiply to get result

jr  $ra # and return

SP

™ ra = 0x864

o,

-

iy e ¥

o,

e

e

e
e
o
e
e
e
-
o

.-"'.:'__ o .-'f.-'f.-'f..-' s : %
e

i
s
e
L
e
e
e
o
i

é{ﬁ?ﬁﬁﬁ?f/f S
s, AR
e e

A
A A
A A
e

zzzzzzz
..........

e
A
e

A A
A
A
A A
A

61



Sra=L1+8 fa Ct

Sa0=2

Sv0 =2

St0=1

fact:

addi $sp, $sp, -8 # adjust stack for 2 items
sw $ra, 4($sp) # save return address
sw $a0, 0($sp) # save argument
slti $t0, $a0, 2 # test for n < 2
beq $t0, $zero, L1
addi $vO0, $zero, 1 # if so, result is 1
addi $sp, $sp, 8 # pop 2 items from stack
jr  $ra # and return

L1: addi $a0, $a0, -1 # else decrement n
jal fact # recursive call
Tw  $a0, 0($sp) # restore original n
Tw  $ra, 4($sp) # and return address
addi $sp, $sp, 8 # pop 2 items from stack
mul $v0, $a0, $vO # multiply to get result

PC——» Jr $ra # and return

SP
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Sra=L1+8 fact

Sa0=3

Sv0 =2

St0=1

fact:

addi $sp, $sp, -8 # adjust stack for 2 items
sw $ra, 4($sp) # save return address
sw $a0, 0($sp) # save argument
slti $t0, $a0, 2 # test for n < 2
beq $t0, $zero, L1
addi $vO0, $zero, 1 # if so, result is 1
addi $sp, $sp, 8 # pop 2 items from stack
jr  $ra # and return

L1: addi $a0, $a0, -1 # else decrement n
jal fact # recursive call

PC———> 1w $a0, 0($sp) # restore original n

Tw  $ra, 4($sp) # and return address
addi $sp, $sp, 8 # pop 2 items from stack
mul $v0, $a0, $vO # multiply to get result
jr  $ra # and return

SP
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Sra = 0x864 fa Ct

Sa0=3

Sv0 =2

St0=1

fact:

addi $sp, $sp, -8 # adjust stack for 2 items
sw $ra, 4($sp) # save return address
sw $a0, 0($sp) # save argument
slti $t0, $a0, 2 # test for n < 2
beq $t0, $zero, L1
addi $vO0, $zero, 1 # if so, result is 1
addi $sp, $sp, 8 # pop 2 items from stack
jr  $ra # and return

L1: addi $a0, $a0, -1 # else decrement n
jal fact # recursive call
Tw  $a0, 0($sp) # restore original n

PC———>1w $ra, 4($sp) # and return address

addi $sp, $sp, 8 # pop 2 items from stack
mul $v0, $a0, $vO # multiply to get result
jr  $ra # and return

SP
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Sra = 0x864 fa Ct

Sa0=3

Sv0 =2

St0=1

fact:

addi $sp, $sp, -8 # adjust stack for 2 items
sw $ra, 4($sp) # save return address
sw $a0, 0($sp) # save argument
slti $t0, $a0, 2 # test for n < 2
beq $t0, $zero, L1
addi $vO0, $zero, 1 # if so, result is 1
addi $sp, $sp, 8 # pop 2 items from stack
jr  $ra # and return

L1: addi $a0, $a0, -1 # else decrement n
jal fact # recursive call
Tw  $a0, 0($sp) # restore original n
Tw  $ra, 4($sp) # and return address

PC——> addi $sp, $sp, 8 # pop 2 items from stack

mul $v0, $a0, $vO # multiply to get result
jr  $ra # and return

SP
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Sra = 0x864 fa Ct

Sa0=3

Sv0=6

St0=1

fact:

addi $sp, $sp, -8 # adjust stack for 2 items
sw $ra, 4($sp) # save return address
sw $a0, 0($sp) # save argument
slti $t0, $a0, 2 # test for n < 2
beq $t0, $zero, L1
addi $vO0, $zero, 1 # if so, result is 1
addi $sp, $sp, 8 # pop 2 items from stack
jr  $ra # and return

L1: addi $a0, $a0, -1 # else decrement n
jal fact # recursive call
Tw  $a0, 0($sp) # restore original n
Tw  $ra, 4($sp) # and return address
addi $sp, $sp, 8 # pop 2 items from stack

PC———>» mul $v0, $a0, $vO # multiply to get result

jr  $ra # and return

SP
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Sra = 0x864 fa Ct

Sa0=3

Sv0=6

St0=1

fact:

addi $sp, $sp, -8 # adjust stack for 2 items
sw $ra, 4($sp) # save return address
sw $a0, 0($sp) # save argument
slti $t0, $a0, 2 # test for n < 2
beq $t0, $zero, L1
addi $vO0, $zero, 1 # if so, result is 1
addi $sp, $sp, 8 # pop 2 items from stack
jr  $ra # and return

L1: addi $a0, $a0, -1 # else decrement n
jal fact # recursive call
Tw  $a0, 0($sp) # restore original n
Tw  $ra, 4($sp) # and return address
addi $sp, $sp, 8 # pop 2 items from stack
mul $v0, $a0, $vO # multiply to get result

PC———> jr $ra # and return

SP
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Why store registers relative to the stack pointer,
rather than at some set memory location?

. Saves space.
. Easier to figure out where we stored things.

. Functions won’t overwrite each other’s saves.

. None of the above



Reading

e Next lecture: More Stack

* Problem set 4 due Friday

* Lab 3 due Sunday



