Register Use Policy Conventions

Name |Register number Usage Preserved on call?
$zero 0 the constant value 0 n.a.
$vO0- $v1 2-3 values for results and expression evaluation no
$a0- $a3 4-7 arguments yes
$t0-$t7 8-15 temporaries no
$s0- $s7 16-23 saved yes
$t8-$t9 24-25 more temporaries no
$gp 28 global pointer yes
$sp 29 stack pointer yes
$fp 30 frame pointer yes
$ra 31 return address yes




/0O Call Code Arguments or Result
print int $v0=1 $a0 = integer

print float $v0=2 $f12 = oat

print double  $v0=3 $f12 = double

print string $v0=4 $a0 = string

read int $v0=5 Integer (in $v0)

read foat $v0=6 float (in $f0)

read double  $v0=7 double (in $f0)

read string $v0=8 $a0 = buffer, $al = length
sbrk $v0=9 $a0 = amount,address in $v0
exit $v0=0



Basic MIPS Instructions

MIPS operands

Name

Example

Comments

32 registers

$s0-$s7, $t0-$t9, $zero,
$a0- $a3, $vO- $vi, $gp,

Fast locations for data. In MIPS, data must be in registers to perform
arithmetic. MIPS register $zero always equals 0. Register $at is

$fp, $sp, $ra, $at reserved for the assembler to handle large constants.
Memory[0], Accessed only by data transfer instructions. MIPS uses byte addresses, so
230 memory |Memory[4], ..., sequential words differ by 4. Memory holds data structures, such as arrays,
words Memory[4294967292] and spilled registers, such as those saved on procedure calls.
MIPS assembly language
Category Instruction Example Meaning Comments
add add $s1, $s2, $s3 [$sl = $s2 + $s3 Three operands; data in registers
Arithmetic subtract sub $s1, $s2, $s3 $sl = $s2 - $s3 Three operands; data in registers
add immediate addi $s1, $s2, 100 |$s1 = $s2 + 100 Used to add constants
load word lw_ $s1, 100($s2) $s1 = Memory[$s2 + 100]{word from memory to register
store word sw $sl1, 100($s2) Memory[$S2 + 100] = $s1 |Word from register to memory
Data transfer |load byte Ib $s1, 100($s2) $s1 = Memory[$s2 + 100]|Byte from memory to register
store byte sb  $s1, 100($s2) Memory[$S2 + 100] = $s1 |Byte from register to memory
load upper immediate [l Ui $s1, 100 $s1 = 100 * 216 Loads constant in upper 16 bits
branch on equal beq $s1, $s2, 25 if $s1 == $s2)goto Equal test; PC-relative branch
PC +4 + 100
branch on notequal |Pne $s1, $s2, 25 if ($s1 !'= $s2)goto Not equal test; PC-relative
. PC +4 + 100
Conditional
branch set on less than slt  $s1, $s2, $s3 |[if($s2 < $s3) $s1=1; Compare less than; for beq, bne
else $s1 =0
set less than slti $s1, $s2, 100 [f$s2 < 100y $s1=1; Compare less than constant
immediate else $s1 =0
jump j 2500 go to 10000 Jump to target address
Uncondi- jump register jr $ra goto $ra For switch, procedure return
tional jump jump and link jal 2500 $ra =PpC + 4; go to 10000 |For procedure call




Exampla

Nome  Format ... &bits Gbits Sbits Sbits " 6bits iyt
add R 0 2 3 1 a 32 add $1.52.53
sub R a 2 3 1 1] 34 sub §1.52.53
addl I 8 2 v | 100 addi $1,52 100
addu R 0 2 3 1 0 33 addy $1.$2,53
subu R 0 2 | A3 i o 35 suby $1.52.83 |
addiv | | 3 e | - 100 | addiu $1,52,100
mcd | R | 18 0 1 | 14 0 0 mfcO $1.8epc
mult o 2 3 0 0 | 24 | mums$2$3
Pyl R | @ 2 3 4] 0 25 multu $2,53
div R 0 2 3 0 0 26 | div$2,83
 divu R o 2 3 0 o 27 divu §2,53
mihi R 0 0 0 1 0 16 | menis1
o R 0 o 0 1 0 1% | milo$1
and R 0 2 3 1 0 35 and 51,52,53
or R o 2 3 i 0 a7 or §1,52,53
andl I 12 2 1 100 andi $1,$2,100
o I 13 2 1 100 ori $1.52,100
sll R " 2 1 10, 0 sl $1.$2,10
! R B | -0 2 1 10 2 srl $1.52,10
Iw i a5 2 -t 100 lw $1,100(32)
W | 43 2 1 100 sw $1,100(52)
i | 18 0 1 100 i $1,100
beg | 4 1 2 100 beq $1,$2,100
bre | 5 1 2 100 | boe $1,$2,100
st R 0 2 3 1 | o [ 42 | ssisasa
T T I 2 | 1 100 siti $1,$2,100
ey | R a 2 | = 1 | © | 43 | stusrs2sa
sitiy | 11 2 | 100 aitiu $1.52,100
] ] 2 10000 § 10000
Ir R o a1 | o | @ o | =& Jr 1
jal J 3 10000 jal 10000
MIPS machine language
Format R R op rs it rd | shamt | funct | Arithmetic instrustion format
Format | I op rs t address /immediate Transfer, branch, imm. format
Format J ] op target address Jumg instruction format
Field siza Ghits | Sbits | Shits | 5bits | Sbits | Ghits | Al MIPS instructions 32 bits

Main MIFS maching language. Formats and examples are shown, with values in each field: op and funct fiekds form the
opecode (each & bits], rs fiekd gives a source register {5 bits), r is also normally & source register (2 bits], rd I8 the
destination register {5 bits), and shamt supplies the shift amount (5 bits). The field values are all in decimal, Foating-point
machine ianguage iInstructions are shown in Figure 4.44 on page 241, Appendix A gives the full MIPS machine language.



Exampla

$0,51. %2, ...
Hi, Lo

- 531,

MIPS operands

Commaeants

Fast locathons for data, in MIPS, data must be in registens to perfoam
arithmatic. MIPS register $0 always equals 0. Register £1 is reserved for
the assembler to handie pseudoinstructions and lange constants. Hi and
Lo are 32-bit rogisters containing the resulis of multiply and divide.

Mermiory 0] Memaory|4]
Mamory 4204967292

Acceissed only by data transfar instructions, MIPS uses byte addresses,
40 sequential wonds differ by 4. Memory hobds data struclures, such a5
afreys, and spilled registers, such as those saved on procadure calls,

MIPS assembly language

Catagory Instruction Exampio M esning Comments
@ add $1,82,53 | $1=82+33 3 operands; exception possible
|subtract  |sub$15283 | $1=52-33 3 operands; exception possible
| add immediate | addl $1,$2,100 | $1 =82 + 100 + canstant; exception possible
l @i unsrnnud addu $1.82.53 | $1 =52 + 33 3 operands; no exceptions
| sublract unsigned | subu $1.82,63 | $1=82-33_ 3 operands; no exceptions
| ok imm, unsign. | addiu $1,$2.100| $1 = 52 + 100 + constant: no mnﬂnns =
Arithmetic | Move fr. copr. reg. | micO $1.8epc | 51 = Sepc Used to get exception PG
| multiply mult $2,53 Hi, Lo = $2 ¥ §3 64-bit signed product in Hi, Lo |
muttiply unsigned | multu $2.53 Hl Lo = $2 'F .!3 G4-bil wnsigned product in Hi, Lo
divide v $2.53 Lo = %2 + §3, Hi = 32 mod $3 | Lo = quotient, Hi = remaindar i
divide unsigned | divu $2,53 Lo = $2 + $3, Hi = $2 mod $3 | Unsigned quotient and remainder
Miowe from Hi mihi $1 51 =Hi | Usad to get copy of Hi
Miowe from Lo miko $1 | §i=lng Lisa to get copy of Lo
and and 51,5253 S1=%28&%3 3 mgister oparands; |logical AND
or or$1.%2.%3 S1=5%521%3 3 rapister operands; logical DR
Logicsl and immadiate arvd $1,%2,100 | 51 =%2 & 100 Logical AND rogister, constant
oF Immediate or $1,%2,100 $1=%21100 Logical OR register. constant
shift left kegical sll §1,52,10 $1=%2 << 10 Shiift keft by constant
shift rignt loglcal | 51 51,5210 $1=%52>=10 | Shift rght by constant
0@ word Iw $1.100{$2) | $1 = Memory [$2+100] Diata from memary to registar
o | store ward 5w §1,100(82] | Memory[62+100] = §1 Data from register ta memory
e wpper mm, | lul $1,100 $1=100x 21 Loads constant in uppsr 16 bits
branch on equal | beq $1,52,100 | if (§1 == $2) go 1o PC+4+100 | Equal test; PC relative branch
branch on not eq. | bne $1,52,100 | if (§1!= $2) go to PC+4+100 Mot equal test; PC relative
Conditional | 86t on less than | sit $1.52.93 i 182 < $3) $1=1:etse $1=0 | Compare lass than; 2's complement
branch | get jess than imm, | siti $1,$2,100 | if ($2 < 100) $1=1; else $1=0 | Compare < constant; 2's comg.
set less than uns. | situ $1.52,53 if (32 = %3] $1=1: else $1=0 | Compare kess than; natural number
sed LL imm. unes, | st $1,52,100 | i (32 < 100) $1=1; eise $1=0 | Compare < constant; natursd
jump 1 10000 go to 10000 Jurnp 1o target address
um’:'mnn’ jump registes JrE31 goto $31 For gwitch, procadura return
jump and lirk jal 10000 $31 =PC + 4; go to 10000 For procedure call

hain MIPS assembly Bnguage instruction set, The feating-point instnuctions are shown in Figure 4.44 on page 241, Appenci A
gies the full MIPS essembly language instruction set.




