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Argument Passing greater than 4

7% code fragment
g=f(a, b, c, d, e, h);
« MIPS assembler
addi $sp, $sp, -4
SW $s5, 0(S$sp)
addi $sp, $sp, -4
SW $s4, 0($sp)
add $a3, $s3, $0
add $a3, $s2, $0
add $al, $s1, %0
add $a0, $s0, $0
] al f
add $s5, $vO, $0

# push h

# push e

# register push d
# register push c
# register push b
# register push a
#$ra=pc +4

# g=return Vall\& cecssu 2



Argument Passing Options

@. common choices

—“Call by Value”: pass a copy of the item to the
function/procedure

— “Call by Reference”: pass a pointer to the item
to the function/procedure

« C Language: Single word variables passed by value
e Passing an array? e.d., a[100]

— Pascal--call by value--copies 100 words of a[ ]
onto the stack: inefficient

— C--call by reference--passes a pointer
(1 word) to the array aJ | in aregister CWRUEECS 314 3




Memory Allocation
&

e INt *sumarray(int X[ ], inty[ ])
e adds two arrays and puts sum in a third array
e 3versions of array function that

— Dynamic allocation (stack memory)

— Static allocation (global memory)

— Heap allocation (malloc, free)

 Purpose of example is to show interaction of C
statements, pointers, and memory allocation
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Dq;namic Allocation

e Caller provides temporary work space
int f(int x[100], y[100]) { >
I nt c[100]; —

sumarray(x, y, C);

e C calling convention means above the

same as
sumarray(&[ 0], &[O0], &c[0]);

e |.e. pass the pointer NOT the whole array

Code
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Static allocation (scope: private to function only)

&

e Static declaration

Int *sumarray(int a[],int b[]) {

Stack=%$sp

I nt 1
static int c[100];

v
T

for(i=0:i<100;i =i +1)
cf[i] =a[i] + Db[i];

Heap

return cC;

}

« Compiler allocates once for

Static=$gp

c[ 100]

function, space is reused by function
— On re-entry will still have old data

Code

— Can not be seen by outside functions
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Alternate Static allocation (scope: public to everyone)

&

e Static declaration
int c[100]; <

Int *sumarray(int a[],int bf]) {
I nt 1

for(i=0:i<100;i=i +1)
cf[i] =a[i] + b[I];
return c;

}

 The variable scope of c is very
public and is accessible to everyone
outside the function

o -

Stack

v
T

Heap

Static
c[ 100]

Code
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Heap allocation

&

e Solution: allocate ¢[100 ] on heap

| nt

* sumarray(int a[],int b[]) {

el /'.

| Nt *C: /*the pointer, c, is on stack */

c=(int *) malloc(100*sizeof(int));
/[* what c Is pointing to is in the heap */

400 byt

for(i=0:i<100;i=i +1)
cl[it] =a[i] + b[i];

Static

return cC;

e Not reused unless freed
— Can lead to memory leaks

Code

— Java, Scheme have garbage
collectors to reclaim free space
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Lifetime of storage & scope

e automatic (stack allocated)
—typical local variables of a function
— created upon call, released upon return
— scope is the function

* heap allocated
— created upon malloc, released upon free
—referenced via pointers

e external / static
— exist for entire program
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Optimized Compiled Code

|
&)

void sumarray(int af],int b[],int c[]) {
Int 1
for(i1=0;1<100;1 =1 +1)

Loop:

Exit:

cli]

addi

= a[i] + b[I];

$t 0, $a0, 400
$a0, $t 0, Exi t
$t1, 0(%a0)
$t2, 0(%al)
$t1, $t1, $t2
$t1, 0(%a2)
$a0, $a0, 4
$al, $al, 4
$az2, $a2, 4
Loop

$r a

H H HFHHFH T H K

=100*si zeof (1 nt) =400

i f (i ==400)
$t 1=a[ i’
$t 2=b[ i |

$t1=a[i]

+ b[i]

c[i]=a[i] + b[i]

$a0++
$al++
$a2++
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What about Structures?

e Scalars passed by value (i.e. int, float, char)
e Arrays passed by reference (pointers)

e Structures by value (struct{ ... })

* Pointers by value

e Can think of C passing everything by value, just
that arrays are simply a notation for pointers

CWRU EECS 314 11



Review: Function calling

e Follow calling conventions & nobody gets hurt.

e Function Call Bookkeeping:

— Caller:

« Arguments $a0, $al, $a2, $a3

 Return address $ra

e Call function jal label # $ra=pc+4;pc=label
— Callee:

« Not restored $tO - $t9

» Restore caller’s $s0 - $s7, $sp, $fp

e Return value $v0, $vi

e Return jréra  #pc=$ra,meecssu 1



Review: Program memory layout

o -

—_—

ﬁAddress (00)
$Tp = Stack
frame pointer
$sp —
stack pointer l
*
Heap
Static | RW
$gp —
global pointer Const
Code | X

Address ()

Memory Management: R:read only W:write only X:execute only

Space for saved procedure
RW Information: return

address, dynamic

variables, >4 arguments

Explicitly created space,
RW e.g., malloc(); C pointers

(.data) Global static vars
(.bss initialized to 0)

R const variables (strings)

Program: machine

Instructions (.text)
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Basic Structure of a Function
B ———

#Prologue

entry | abel:
addi  $sp, $sp, -framesi ze
sw  $ra, framesi ze-4($sp)# save $ra

save ot her regs

#Body
#Epilogue
restore ot her regs
lw  $ra, franesize-4 #restore $ra

addi  $sp, $sp, framesi ze
jr $ra
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Recursive functions: Fibonacci Numbers
@ e
« How many pairs of rabbits can be produced from that pair in
ayear If it Is supposed that every month each pair begets a
new pair which from the 2nd month on becomes productive.
Leonardo Pisano aka Fibonacci (1202, Pisa, Italy)

« The Fibonacci numbers are defined as foIIows
—FN)=Fn -1) + F(n - 2), \é
— F(0) and F(1) are defined to be 1

e Re-writing this in C we have:

Nty fib(int n) {

1f(n ==0) { return 1, }

1f(n ==1) { return 1; }

return (fib(n - 1) + fib(n - 2));

||||I|r'
filie
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Prologue: Fibonacci Numbers

dh -
°Now, let’s translate this to MIPS!

°Reserve 3 words on the stack: $ra, $s0, $a0
°The function will use one $s register, $s0

°Write the Prologue:

fib:

_ S - 12 #Space for three words
sw $ra, 8(%sp) # Save the return address
sw $s0, 4($sp) # Save $s0

CWRU EECS 314 16



Epilogue: Fibonacci Numbers

°Now write the Epilogue:

fin:

1w $sQ_ 4($sp) # Restaore caller’'s $s0
| w $ra, 8($sp) # Restore return address
addi $sp, $sp, 12 # Pop the stack frame

r $ra # Return to caller
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Body: Fibonacci Numbers

e =
° Finally, write the body. The C code is below. Start by

translating the lines indicated in the comments

Int fib(int n
1f(n == return 1; 1 [ *Trans| ate Me! */
1f(n == return 1; [ *Trans| ate Me! */
return fib(n - 1) + fib(n - 2);

}

addi $vO, $zero, 1 # $vO0 = 1; return $vO

beq $a0, $zero,fin # if (n == 0) goto fin

addi $t 0, $zero, 1 # $t0 = 1;

beq $a0, $t 0, fin # if (n == $t0)goto fin

# Contiued on next slide.
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return: Fibonacci Numbers
/A ———

° AlImost there, but be careful, this part is tricky!
int fib(int n) {
return (fib(n - 1) + fib(n - 2));

}

sw $a0, 0( $sp) # Need $a0 after jal

addi $a0, $a0, -1 # $a0 = n - 1

jal  fib # fib(%a0)

add $s0, $v0, $zero # $sO0 = fib(n-1)

lw  $a0, 0( $sp) # Restore original $a0 = n
addi $a0, $a0, -2 # $a0 = n - 2

jal  fib # fib($a0)

add $vO0, $s0, $v0 # fib(n-1) + fib(n-2)
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return: $s1 improvement?

°Can we replace the sw $a0, 0( $sp)
°with add $s1, $a0, $zero

°In order to avoid using the stack?

add $s1, $a0, $zero # was sw $a0, O( $sp)
addi $a0, $a0, -1 # $a0 = n - 1
jal  fib # fib(%a0)
add $s0, $v0, $zero # $s0 = fib(n-1)
# was |w $a0, O( $sp)
addi $a0, $s1, -2 # $a0 = n — 2
jal  fib # fib($a0)
add $vO0, $s0, $v0 # fib(n-1) + fib(n-2)
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return: $t1 improvement?

°Can we replace the sw $a0, 0( $sp)
°with add $t1, $a0, $zero

°In order to avoid using the stack?

°We did save one instruction so far, a plus!

°By convention, all $t registers are not preserved
for the caller.

°and therefore we would have to add another |w
and sw for $t1 to the stack.
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&

fib:
addi
SW
SW

$sp,
$r a,
$s0,

addi
beq
addi
beq
SW

addi
] al

$vO0,
$a0,
$t 0,
$a0,
$a0,
$ao,
fib

$sp, -12
8( $sp)
4( $sp)

$zero, 1
$zero, fin
$zero, 1
$t0, fin
0( $sp)

$al, -1

add $s0, $v0, %$zero

addi

jr

Here’s the complete code: Fibonacci Numbers

-I-H-I
e ., ]
=

$a0, O($sp)

$a0, $%$ao,
fib
$v0, $vO,

# epil og

-2

$s0

$s0, 4($sp)
$ra, 8(%$sp)

$sp, Psp,
$r a

12
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Sun Microsystems SPARC Architecture

* In 1987, Sun Microsystems introduced a 32-bit RISC
architecture called SPARC.

e Sun’s UltraSparc workstations use this architecture.

e The general purpose registers are 32 bits, as are
memory addresses.

e Thus 232 bytes can be addressed.
* |n addition, instructions are all 32 bits long.

« SPARC Instructions support a variety of integer data
types from single bytes to double words (eight bytes)
and a variety of different precision floating-point types.
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SPARC Registers

e —
The SPARC provides access to 32 registers
e regsO %g0 I global constant 0 (MIPS $zero, $0)

e regs 1-7 %gl-%g7 ! global registers

e regs 8-15 %00-%07 !'out (MIPS $a0-$a3,$v0-$v1,$ra)
e regs 16-23 %L0-%L7 !local (MIPS $s0-$s7)

e regs 24-31 %i0-%i7 I In registers (caller’s out regs)

* The global registers refer to the same set of physical registers in
all procedures.

* Register 15 (%07) is used by the call instruction to hold the
return address during procedure calls (MIPS ($ra)).

* The other registers are stored in a register stack that provides
the ability to manipulate register windows.

* The local registers are only accessible to the current procedure.
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SPARC Register windows

Femster
window
£
calhng
procedure

Eemster
w1ndows
£
called

procedure

¥

TDirechon Clobal=

remster
stack
mrowth

 When a procedure is called, parameters are passed in the out
registers and the register window is shifted 16 registers further
Into the register stack.

e This makes the in registers of the called procedure the same as
the out registers of the calling procedure.

e in registers: arguments from caller (MIPS %a0-$a3)

 out registers: When the procedure returns the caller can access
the returned values in its out registers (MIPS $VO-%V1)., .. cecsain o



SgARC Instructions _

Arithmetic
add %1, %2, %4 local %4 = %1 + 12
add %4, 4, %4 | ncrenent % 4 by four.
nov 5, %1 I %1 =5

Data Transfer

ld [%0], %1 1 %1 = Menf % O]

ld [%0+4], %1 1 %1 = Menf % O+4]

st W1, [%0+12] l Menf% O+l 2] = % 1
Conditional
cnp %1, %4 I Conpare and set condition codes.
bg L2 l Branch to label L2 if %1 > %4

nop ' Do nothing in the delay slot.
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SPARC functions

&

Calling functions
mv %1, %0
mov % 2, %l
call fib
nop
nmov %00, % 3

Assembler

gcc hello.s !
gcc hello.s -0 hello |
gdb hell o !

first paraneter = %1
second paranmeter = % 2
%0=.fi b(%0, @1, .%7)
delay slot: no op
%3 = return val ue

execut abl e fil e=a. out
executable file=hello
GNU debugger
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SPARC Hello, World.

S e
.data
hnes:.asciz Hello, Wrld\n"
.text
. gl obal main l visible outside
mal n:
add % 0, 1, 800 l %8 1s %90, first arg

sethi %i (hnes), %1 ! %9, (%1l) second arg
or %01, % o(hnes), %@1

or % 0, 14, Y02 l count I1n third arg
add % 0, 4, %g1 l systemcall nunber 4
ta O l call the kernal

add % 0, % 0, %00
add %0, 1, %91 l %1, systemcall
ta O l call the systemexit
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