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Instruction Support for Functions
... sum(a,b);... /* a,b:$s0,$s1 */

}

int sum(int x, int y) {

return x+y;

}

address
1000
1004
1008
1012
1016

2000
2004
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In MIPS, all instructions are 4 

bytes, and stored in memory just 

like data. So here we show the 

addresses of where the programs 

are stored.



Instruction Support for Functions
... sum(a,b);... /* a,b:$s0,$s1 */

}

int sum(int x, int y) {

return x+y;

}

address
1000 add  $a0,$s0,$zero  # x = a

1004 add  $a1,$s1,$zero  # y = b

1008 addi $ra,$zero,1016 #ra=1016

1012 j    sum #jump to sum

1016 ...

2000 sum: add $v0,$a0,$a1

2004 jr   $ra# new instruction
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Instruction Support for Functions
... sum(a,b);... /* a,b:$s0,$s1 */

}

int sum(int x, int y) {

return x+y;

}

2000 sum: add $v0,$a0,$a1

2004 jr   $ra# new instruction
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Å Question: Why use j r here? Why not simply use j ?

Å Answer: summight be called by many functions, so we canõt 
return to a fixed place. The calling proc to summust be able 

to say òreturn hereó somehow.



Instruction Support for Functions
ÅSingle instruction to jump and save return address: jump 

and link (jal)

ÅA way of doing it:

1008 addi $ra,$zero,1016 #$ra=1016

1012 j sum #go to sum

ÅA Better Way of Doing it:

1008 jal sum  # $ra=1012,go to sum

ÅWhy have a jal? 
ðMake the common case fast: function calls are very common.  

ð You donõt have to know where the code is loaded into memory 
with jal.



Instruction Support for Functions

ÅSyntax for jal (jump and link) is same as for j
(jump):

jal label

ÅSteps that jal does:

ðStep 1 (link): Save address of next instruction into $ra

(Why next instruction? Why not current one?)

ðStep 2 (jump): Jump to the given label



Instruction Support for Functions

ÅSyntax for jr (jump register):
jr register

ÅInstead of providing a label to jump to, the jr
instruction provides a register which contains an 
address to jump to.

ÅVery useful for function calls:
ïjal stores return address in register ($ra )

ïjr $ra jumps back to that address



Instruction Support for Functions
... sum(a,b);... /* a,b:$s0,$s1 */

}

int sum(int x, int y) {

return x+y;

}

address
1000 add  $a0,$s0,$zero  # x = a

1004 add  $a1,$s1,$zero  # y = b

1008 addi $ra,$zero,1016 #ra=1016

1012 jal    sum

1016 ...

2000 sum: add $v0,$a0,$a1

2004 jr   $ra
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Function Calls Steps

C:  printf(òhello world\nó);
In Assembly, we need to do the following:

Need to pass parameters
Need to save return address
Need to save register values
Need to jump to printf

Need to get return value 
Restore register values

Execute instructions for printf()

Jump to return address



Step 1: Passing Parameters

Where should you put all of the parameters?
Registers?

+Fast access 
-few in number 
- wrong size for some objects (e.g. structures, objects, 
arrays, é)

Memory?
Where?

MIPS answer:
Registers and memory.Put the first few parameters in 

registers (if they fit) ($4 - $7)
Put the rest in memory on the stack



Registers

R̋egisters play a major role in keeping 
track of information for function 
calls.

R̋egister conventions :
ÅReturn address $ra

ÅArguments $a0, $a1, $a2, $a3

ÅReturn value $v0, $v1

ÅSaved registers $s0, $s1, é , $s7

ÅLocal variable $t0, $t1, é , $t9



The Stack

MIPS conventions allocate a region of memory for 
the stack
This memory is used to manage all the storage 

requirements to simulate function call semantics
ÅParameters (that were not passed through registers)
ÅLocal variables
ÅTemporary storage (when you run out of registers and 

need somewhere to save a value)
ÅReturn address
ÅEtc.

Sections of memory on the stack are allocated when 
you make a function call, and deallocated when 
you return from a function.



More About the Stack
ÅWhat if the callee needs more 

registers?  What if the procedure is 
recursive?

ÇOne of the general registers, 
$sp (also know as R29, or $29), 
is used to address the stack 
(which ñgrowsò from high 
address to low address)

¸ add data onto the stack ïpush

$sp = $sp ï4
data on stack at new $sp

¸ remove data from the stack ïpop 
data from stack at $sp 
$sp = $sp + 4

high addr

low addr

$sptop of stack



MIPS Stack Frame

Return Address

Incoming parameters

Spilled Registers

Local Vars

Outgoing parameters$SP

F
ra

m
e



Allocating Space to Local 
Variables

ÅLocal variables (by default) are created when you 
enter a function, and disappear when you leave

Åallocated on the stack
ÅHow?

by incrementing (or decrementing) the pointer to 
the top of the call stack.

sub   $sp, $sp, 12   //  allocate space for 3 integer locals

add   $sp, $sp, 12   // de-allocate space for locals



Stack Grows as Functions 
Are Called

void foo()

{

int x, y[2];

bar(x);

}

void bar(int x)

{

int a[3];

printf();

}

fooôs stack frame

Inside foo

foo calls bar

fooôs stack frame

barôs stack frame

bar calls printf

fooôs stack frame

barôs stack frame

printfôs stack 

frame



Stack Frame Contents

void foo()

{

int x, y[2];

bar(x);

}

void bar(int x)

{

int a[3];

printf();

}

x

Return addr to main

y[0]

Spilled regs in foo

y[1]

Inside foo



Assigning Variables to 
Memory Spaces

int w;

void foo(int x)

{

static int y[4];

char *p;

p = malloc(10);

é

printf(ñ%s\nò, p);

}

static

text

stack

heap

w goes in static, as itôs a global

x goes on the stack, as itôs a parameter

y goes in static, 1 copy of this!!

p goes on the stack

allocate 10 bytes on heap, ptr

set to the address



Call Stack with Recursion

ÅEach instance of the recursive function 
is given its own stack frame
ðLocal variables in function are private to a 

particular invocation

ðEach has its own return address, spill space

ðGlobal and static variables are shared Ą
there is 1 copy for all calls



Saving Registers During a Call

ÅWhat happens to the values we have in registers when 
we make a function 
call?

a = b * c + sqrt (d)

ÅYou can save your registers before you make the 
function call and restore the registers when you 
return (caller-save register).  Where?

ÅWhat if the function you are calling doesnõt use that 
register?

ÅNo harm done, but wasted work!!!



Caller vs. Callee Registers

ÅAn alternative to the caller saving the 
register is to have the callee save any 
that will be used in the function.  
ðThis is achieved by saving any registers 

that are going to be overwritten in this 
function to the call frame at the start of 
the function.

ðThese values are then loaded back into the 
registers just prior to returning from the 
call.



MIPS Stack Frame (updated)

Callee Save Registers

Incoming parameters

Spilled Registers

Local Vars

Outgoing parameters$SP

F
ra

m
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Return Address

Caller Save Registers



Which is Better: Caller or 
Callee?

ÅAdvantage of caller saved
ðOnly needs saving if it is òliveó across a 

function call

ÅAdvantage of callee saved
ðOnly save it if you use it

ÅEach has its advantages.  Neither is 
better.



Provide Both Caller/Callee 
Regs

ÅHave some registers that are caller 
saved, some that are callee saved
ðMIPS
Å10 caller saved

Å8 callee saved

ÅChoose registers for variables that 
minimize the number of dynamic
saves/restores



MIPS Register Convention

$0 constant 0

$1 reserved for assembler

$2,$3 temporary and return value

$4 - $7 parameters

$8 - $15, $24, $25 caller saved

$16 - $23 callee saved

$26, $27 reserved for operating system

$28 global pointer

$29 stack pointer

$30 frame pointer

$31 return address
P&H pg. A-23



# Compute the value of the sum     1*2 + 2*3 + 3*4 + ... + 10*11,   and store in register $t1

.data # variable declaration section

out_string: .asciiz "The result is:\n" # declares a null-terminated string, to "prettify" output

.text

main: # indicates start of code

li $t0, 1 # $t0 will be a counter; initialize to 1

li $t1, 0 # $t1 will hold the sum

li $t2, 10 # $t2 will hold loop limit

loop_top: bgt $t0,$t2,loop_end # exit loop if  $t0 > 10

addi $t3,$t0,1 # $t3 = $t0 + 1

mult $t0,$t3 # special register  Lo = $t0 * $t3

#  (don't need Hi since values are small)

mflo $t3 # $t3 = Lo (= $t0 * $t3)

add $t1,$t1,$t3 # $t1 = $t1 + $t3

addi $t0, 1 # increment counter

b loop_top # branch to loop_top

loop_end: # print out the result string

li $v0, 4 # system call code for printing string = 4

la $a0, out_string # load address of string to be printed into $a0

syscall # call operating system to perform print operation

# print out integer value in $t1

li $v0, 1 # system call code for printing integer = 1

move $a0, $t1 # move integer to be printed into $a0:  $a0 = $t1

syscall # call operating system to perform print

# exit program

li $v0, 10 # system call code for exit = 10

syscall # call operating system

# blank line at end to keep SPIM happy!



Soé

ÅCheck section 2.7 and appendix A.6


