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MIPS Simulation

SPIM is a simulator
reads a MIPS assembly language program.
simulates each instruction.
displays values of registers and memory
supports breakpoints and single stepping
provides simple I/O for interacting with user.
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SPIM Program

MIPS assembly language.

Must include a label main  this will be called by the SPIM
startup code (allows you to have command line arguments).

Can include named memory locations, constants and string
literals in a data segment .
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General Layout

Data definitions start with .data directive

Code definition starts with .text directive

text is the traditional name for the memory that holds
a program.

Usually have a bunch of subroutine definitions and a
main .
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Simple Example

.data # data memory
foo: .word 0 # 32 bit variable

text # program memory

.align 2 #word alignment

.globl main # main is global

main:
lw $a0,foo
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Data Definitions

You can define variables/constants with:
.word : defines 32 bit quantities.
.byte:  defines 8 bit quantities
.asciiz:  zero-delimited ascii strings
.Space: allocate some bytes
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Data Examples

.data
prompt: .asciiz Hello World\n
msg: .asciiz  The answer is
X: .Space 4
y: .word 4
str: .Space 100
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MIPS: Software Conventions
For Registers

VO eXpressmn evaluation &

- function results :

:28 gp Pointer to global;area

;29 sp. Stack pomter ;';';;g.:é
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Simplel/O

SPIM provides some simple I/O using the syscall instruction.
The specific /0 done depends on some registers.

You set $v0 to indicate the operation.
Parameters in $a0, $al
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/O Functions

System call is used to communicate with the system and do simple I/O.
Load system call code into Register $v0
Load arguments (if any) into registers $a0, $al or $f12 (for floating point).
do: syscall
Results returned in registers $v0 or $f0.

code service Arguments Result comments
1 print int sal
2 print fleocat sfl2
3 print double sfl2
4 print string a0 (address)
5 read integer integer in $v0
6 read fleat float in $f0
7 read double double in S$f0
g read string sal=buffer,

%al=length
g abrk Sal=amount address in $v0
10 exit
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Example: Reading an int

li $v0,5 # Indicate we want function 5

syscall

# Upon return from the syscall, $v0 has the integer typed by
#a human in the SPIM console

# Now print that same integer
move $a0,$v0 # Get the number to be printed into register

li $v0,1 # Indicate we re doing a write-integer
syscall
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Printing A String
.data
msg: .asciiz  SPIM IS FUN
text pseudoinstruction: load immediate
.globl
main: li $v0,4
la $a0,msg l
syscall
ir $ra pseudoinstruction: load address
14
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SPIM Subroutines

The stack is set up for you just use $sp
You can view the stack in the data window.
main is called as a subroutine (have it return using jr $ra).

For now, don t worry about details. But the next few pages
do some excellent example of how stacks all work.
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Why Are Stacks So Great?

Some machines provide a memory stack as part of the
architecture (e.g., VAX)

Sometimes stacks are implemented via software
convention (e.g., MIPS)

al — ad
CALLB
B:[ — +|AlB
CALLC
g [ — +|A|B|C
RET
e o AlB
RET
__ » A
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Why Are Stacks So Great?

Call-Return Linkage: Stack Frames

ARGS High Mem

Argument &
Argument b5

Reference args and
local variables at
fixed offset from FP

Callee Save
Registers
(old FP, RA)
Local Variables
Sl
; Grows and shrinks during
Dynamic area expression evaluation
Low Mem
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MIPS Function Calling Conventions

SP fact:
addiu $sp, $sp, -32
sw $ra, 20($sp)
sw $s0, 4($sp)
Iw $ra, 20($sp) "
addiu $sp, $sp, 32
jr $ra
1 ra
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MIPS Function Calling Conventions

main() {
printf(* Thefactorial of 10is%d\n", fact(10));
}
int fact (int n) {
if (n<=1)return(l);
return (n* fact (n-1));
}
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MIPS Function Calling Conventions

text
.global main
main:
subu  $sp, $sp, 32 #stack frame sizeis 32 bytes
sw $ra,20($sp) #savereturn address

li $a0,10 #load argument (10) in $a0
jal fact #call fact

la $a0LC #load string addressin $a0
move $al,$v0 #load fact result in $al

jal printf # call printf

Iw $ra,20($sp) #restore $sp
addu  $sp, $p,32 # pop the stack

jr $ra # exit()
.data
LC:
.asciiz" Thefactorial of 10is%d\n"
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MIPS Function Calling Conventions

text
fact: subu

subu
bgtz

L2:
jal
Iw
mul

L1: Iw
addu
ir

$sp,$p,8 # stack frameis 8 bytes
$ra,8($sp) #save return address
$a0,4($sp) # save argument(n)
$a0,%$a0,1 # compute n-1

$a0, L2 #if n-1>0 (ien>1) goto L2
0,1 #

L1 #return(l)

#new argument (n-1) isalready in $a0

fact # call fact
$a0,4($sp) #load n
$v0,$v0,$a0 #fact(n-1)*n

$ra,8($sp) #restore$ra
$sp,$p,8 # pop the stack
$ra #return, result in $v0
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MIPS Function Calling Conventions

.text 0x10000100

fact:
subu $sp,5$sp,8
aw $ra,8(Ssp)
sw %$a0,4(5sp)
subu $a0,5a0,1
bgtz $a0, L2
1i $vo, 1
5 Ll
L2:
jal fact
1w $a0,4(ssp)
mul $v0,$v0,$al
Ll: 1w $ra,8($sp)
addu Sep,5$ep, 8
jr $ra
LABELS
Fact 0x10000100
L2 0x1000011¢c
L1 0x10000128

$Sp Oxff£f£££4
sra 0x10000018
$a0 3
svo
location Memeory
contents
Oxfff£fffc | 0x100000018
4
OxEEE££££4
Oxffffifec
Oxffffffed
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MIPS Function Calling Conventions

.text 0x10000100
fact:
subu $sp,$8p.8
sw $ra,8($sp)
aw $a0,4 (ssp)
subu $a0,%a0,1
bgtz $al, L2
14 svo, 1
i L1
L2
[ jal fact ]
1w $a0,4 (3ssp)
mul svo,$v0, a0
Ll: 1w $ra,8(ssp)
addu $sp,$8p,8
jr $ra
LABELS
Fact 0x10000100
L2 0x1000011¢c
L1 0x10000128
Appendix A

Sap Oxff£ff£££4
Sra 0x10000120
$a0 3
svo
location Memory
contents
oxfEfEE£fc | 0x100000018
4
OxffEffEf£f4
Oxffffffec
Oxffffffed
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MIPS Function Calling Conventions

.text 0x10000100
fact:
subu $sp,$sp,8
aw $ra,8($sp)
aw $a0,4 ($sp)
gubu $al,%al,1
bgtz $a0, L2
1i $vo, 1
5 Ll
L2:
jal fact
1w %a0,4($sp)
mul Sv0,5v0, $al
Ll: 1w %ra,8($sp)
addu Ssp,$sp, 8
jr $ra
LABELS
Fact 0x10000100
L2 0x1000011¢
L1 0x10000128
Appendix A

$sp Oxffffffec
Sra 0x10000120
a0 2
svo0
location Memory
contents
oxfEfEE£Ec | 0x100000018
4
OxfffE££££4 | 0x100000120
3
Oxffffffec
Oxffffffed
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MIPS Function Calling Conventions

.text 0x10000100 Ssp Oxffffffac
fact: Sra 0x10000120
subu $sp, $8p,8 $a0 2
sw $ra,8($sp) 5v0
aw $a0,4 (3sp)
subu $a0,5a0,1
bgtz $al, L2
1i $vo, 1
3 L1l
L2
i:l ;::‘:4 ($sf|p location Memory
mul $v0,$v0, $a0 contents
oxfEfffffe | 0x100000018
Til 1w $ra,8($sp) )
addu $sp, $sp, 8 oxfEEEEEE4 | 0x100000120
jr $ra 3
oxffffffec
LABELS
Fact 0x10000100 Oxffffffed
L2 0x1000011¢
L1 0x10000128
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MIPS Function Calling Conventions

.text 0x10000100
fact:
BubU RED, 5EP, B
swW 4ra,8($sp)
aw $a0,4($sp)
subu $a0,5a0,1
batz $a0, L2
1i sv0, 1
5 Ll
L2:
jal fact
1w $a0,4($sp)
mul $vo0,3sv0, a0
Ll: 1w $ra,8($sp)
addu $sp, $=p, 8
ir $ra
LABELS
Fact 0x10000100
L2 0x1000011¢
L1 0x10000128
Appendix A

$ap Oxffffffed
$ra 0x10000120
$a0 1
svo
location Memory
contents
Oxf£E££££c | 0x100000018
4
oxf£EEE££4 | 0x100000120
3
oxffffffec | 0x100000120
2
Oxffffffed
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MIPS Function Calling Conventions

.text 0x10000100
fact:
aubu Sap,$sp, 8
aw $ra,8($sp)
aw $a0,4($sp)
subu $a0,%5a0,1
bgtz $al, L2
1i $vo, 1
b Ll
L2
jal fact
Tw sal,4({5sp]
mul $v0,5v0,$a0l
Ll: 1w $ra,8($sp)
addu $ep,$sp, 8
jr $ra
LABELS
Fact 0x10000100
L2 0x1000011¢c
L1 0x10000128
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$sp Oxffffffed
sra 0x10000120
$a0 1
svo
| location Memory
contents
Ooxfffffffc | 0x100000018
4
OxfELEEEE4 | 0x100000120
3
Oxffffffec | 0x100000120
2
Oxffffffed
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MIPS Function Calling Conventions

.text 0x10000100
fact:
Subu wEP, »SP, ¥
aw $ra,8(ssp)
aw $a0,4 (3sp)
subu $a0,5a0,1
bgtz $ald, L2
1i $vo, 1
3 L1l
L2:
jal fact
1w $a0,4 (3sp)
mul $v0,5v0,5a0
Ll: 1w Sra,8(ssp)
addu $sp,5$sp,8
jr $ra
LABELS
Fact 0x10000100
L2 0x1000011¢c
L1 0x10000128
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Sap Oxffffffde
Sra 0x10000120
a0 0
Svo
location Memory
contents

Oxfffffffe | 0100000018

4
oxfEEEEEE4 | 0x100000120
Oxffffffec | 0x100000120

oxffffffe4 | 0x100000120
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MIPS Function Calling Conventions
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MIPS Function Calling Conventions
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