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Facts about MIPS

ÅRISC
ðfixed instruction lengths

ðload-store instruction sets

ðlimited addressing modes

ðlimited operations

Å32 Registers ($0-$31)

Å1 word = 4 bytes

ÅLoad-Store architecture

ÅArithmetic operations have 3 operands



Register Model  in MIPS



Language Convention for 
Registers

ÅIf you donôt follow the above convention, your program is still correct, yet

not standard

Å$v0 ($2) is used to specify the action required by the OS in system calls



Memory Model

0xffffffff

Not accessible by user



Addressing Modes

ÅHow do we calculate the address that 
we want to access in memory?

ÅIn general we have the following modes
ðImmediate

ðDirect

ðIndirect

ðRegister

ðBase + displacement



Addressing Modes

ÅThe immediate :
ðNo need to access the memory
ðThe value is within the instruction
ðe.g.      addi $t3,$t0,1

ÅDirect
ðSpecify address in the instruction
ðload r1,  M[1500]  ; r1 « contents of location 1500
ðjump M[3000] ; fetch instructions from addr 3000
ðUseful for addressing locations that donõt change 

during execution (e.g. Branch target addresses, 
Global/static variable locations)



Addressing Modes
ÅIndirect Addressing
ÅCompute the reference address by
ïSpecifying an immediate address
ïLoading the value at that immediate address
ïUsing that value as the reference address

Åload r1, M[ M[1900] ]

2340

5555

0

1900

2340



Addressing Modes

ÅRegister Indirect
ðSpecify which register has the reference 

address

ðVery useful for pointers
Åload r1, M[ r2 ]



Addressing Modes

ÅBase + Displacement
ÅMost common addressing mode today
ÅCompute address as: reg value + immed
Åload r1, M [ r2 + 1000]

ÅGood for accessing class 
objects/structures. why?

This is the one used in MIPS



MIPS Syntax

ÅAny instruction is represented as 
follows:

[label:] op-code [operand], [operand], [operand] [#comment] 



Instruction Types

ÅArithmetic and Logical

ÅControl Changing

ÅSystem Call



Arithmetic and Logical

ÅEach arithmetic instruction fits in 32 bits and 
specifies exactly three operands

destination  « source1    op source2

ÅOperand order is fixed (destination first)

Åperforms only one operation

ÅOperates on register values or immediate 
values

ÅHave an effect on the flag register



Arithmetic and Logical 

add $t0,  $s1,  $s2

sub $t0,  $s1,  $s2

destination  « source1    op source2



Arithmetic and Logical 

add $t0,  $s1,  $s2

sub $t0,  $s1,  $s2

destination  « source1    op source2



Control Changing Instructions
ÅDecision making instructions
ïalter the control flow,
ïi.e., change the "next" instruction to be executed

ÅMIPS conditional branch instructions:

bne $t0, $t1, Label 
beq $t0, $t1, Label 

ÅExample: if (i==j) h = i + j; 

bne $s0, $s1, Label
add $s3, $s0, $s1

Label: ....

ÅUsually we check on the

reverse condition

ÅBe aware of the two paths



Control Changing Instructions
Å MIPS unconditional branch instructions:

j  label

Å Example:

if (i!=j) beq $s4, $s5, Lab1
h=i+j; add $s3, $s4, $s5

else j Lab2
h=i-j; Lab1: sub $s3, $s4, $s5

Lab2: ...

Å Can you build a simple for loop?



Control Changing Instructions
Å We have:  beq, bne, what about Branch-if-less-than?

Å New instruction:
if  $s1 < $s2 then

$t0 = 1
slt $t0, $s1, $s2 else 

$t0 = 0

Å Can use this instruction to build  "blt $s1, $s2, Label" 
ñcan now build general control structures

Å Pseudo instructions (blt, bgt, ble, bge)

Å What is the difference between branch and jump?

Å Can you implement: for loop, while loop?



Branch Example

ÅConvert the following C code into MIPS 

assembly (Assume x is in $1, y in $2)

int x, y;

if (x == y)

x++;

else

y++;

bne $1, $2, 8

addi $1, $1, 1

beq $0, $0, 4

addi $2, $2, 1

bne $1, $2, L1

addi $1, $1, 1

beq $0, $0, L2

L1: addi $2, $2, 1

L2: 

without labelsWith Labels

Assemblers must deal with labels and assign displacements 



Loop Example

// assume all variables are integers

// i is in $1, start of a is 500, sum is in $2

for (i=0 ; i < 100 ; i++) 

{

if (a[i] > 0) 

{ 

sum += a[i];

}

}

add $1, $0, $0

addi $4, $0, 400

Loop1: blt $4, $1, endLoop

lw $5, 500($1)

ble $5, $0, endIf

add $2, $2, $5

endIf: addi $1, $1, 4

j Loop1

endLoop:



A Quick Summary

MIPS operands

Name Example Comments

$s0-$s7, $t0-$t9, $zero, Fast locations for data. In MIPS, data must be in registers to perform 

32 registers $a0-$a3, $v0-$v1, $gp, arithmetic.  MIPS register $zero alw ays 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 w ords 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 $s1 = $s2 + $s3 Three operands; data in registers

Arithmetic subtract sub $s1, $s2, $s3 $s1 = $s2 - $s3 Three operands; data in registers

add immediate addi $s1, $s2, 100 $s1 = $s2 + 100 Used to add constants

load w ord lw  $s1, 100($s2) $s1 = Memory[$s2  + 100]Word from memory to register

store w ord sw  $s1, 100($s2) Memory[$s2  + 100] = $s1 Word from register to memory

Data transfer load byte lb  $s1, 100($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

lui $s1, 100 $s1 = 100 * 2
16 Loads constant in upper 16 bits

branch on equal beq  $s1, $s2, 25 if  ($s1 == $s2 ) go to             

PC + 4 + 100

Equal test; PC-relative branch

Conditional

branch on not equal bne  $s1, $s2, 25 if  ($s1 != $s2 ) go to             

PC + 4 + 100

Not equal test; PC-relative

branch set on less than slt  $s1, $s2, $s3 if  ($s2 < $s3 )  $s1  = 1;          

else $s1 = 0

Compare less than; for beq, bne

set less than 

immediate

slti  $s1, $s2, 100 if  ($s2 < 100 )  $s1  = 1;          

else $s1 = 0

Compare less than constant

jump j    2500 go to 10000 Jump to target address

Uncondi- jump register jr   $ra go to $ra For sw itch, procedure return

tional jump jump and link jal  2500 $ra  = PC + 4; go to 10000 For procedure call



ÅAssembly provides convenient symbolic representation
ïmuch easier than writing down numbers
ïe.g., destination first

ÅMachine language is the underlying reality
ïe.g., destination is no longer first

ÅAssembly can provide 'pseudoinstructions'
ïe.g., òmove $t0, $t1ó exists only in Assembly 
ïwould be implemented using òadd $t0,$t1,$zeroó 

ÅWhen considering performance you should count real   
instructions

Assembly Language vs. Machine Language



As for Now

ÅRead sections 2.5 and 2.6 from the 
textbook, in addition to these notes
ÅTake a look at Appendix A.5
ÅNext time we will continue with the 

assembly programming techniques:
ðFunction calls
ðFull assembly program structure
ðOne step before the hardware


