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Introduction 

 The MIPS architecture is one example of a RISC 
architecture 

 The MIPS architecture is a register architecture. 
All arithmetic and logical operations involve only 
registers (or constants that are stored as part of 
the instructions).  

 The MIPS architecture also includes several 
simple instructions for loading data from memory 
into registers and storing data from registers in 
memory; for this reason, the MIPS architecture is 
called a load/store architecture 

 



Register 

The $k0, $K1, $at, and $gp registers are reserved for os, assembler and global data  

And are not used by the programmer   

◦ MIPS has 32 integer registers ($0, $1, ....... $30, $31) 
and 32 floating point registers ($f0, $f1, ....... $f30, $f31) 

◦ Size of each register is 32 bits 





Miscellaneous Registers 

 
◦ $PC: The $pc or program counter register points to the next 

instruction to be executed and is automatically updated by the 
CPU after instruction are executed.  This register is not typically 
accessed directly by user programs 

◦ $Status: The $status or status register is the processor status 
register and is updated after each instruction by the CPU.  This 
register is not typically directly accessed by user programs. 

◦ $cause: The $cause or exception cause register is used by the 
CPU in the event of an exception or unexpected interruption in 
program control flow.  Examples of exceptions include division 
by 0, attempting to access in illegal memory address, or 
attempting to execute an invalid instruction (e.g., trying to 
execute a data item instead of code).  

◦ $hi / $lo : The $hi and $lo registers are used by some 
specialized multiply and divide instructions. For example, a 
multiple of two 32-bit values can generate a 64-bit results, which 
is stored in $hi and $lo (32-bits each or a total of 64-bits). 

 



Data Type/ Size 

 The basic data types include integer, floating point, 
and character  

 MIPS Architecture supports following sizes 
◦ Byte (8-bit integer) 

◦ Halfword (16-bit integer) 

◦ Word (32-bit integer) 

◦ Float (32-bit floating point number) 

◦ Double (64-bit floating point number) 

 Character data is typically a byte and a string is a 
series of sequential bytes 

 An arbitrary number of bytes can be defined with 
.space directive 



Memory 
 Memory can be viewed as series of bytes 

one after another. 

 Memory is byte addressable 

 To store a word four bytes are required 
which use four memory addresses 

 MIPS Architecture uses Little-endian Byte 
ordering, which means least significant byte 
(LSB) is stored in the lowest memory 
address. The most significant byte (MSB) is 
stored in highest memory location 



Memory Picture for Little-endian 

architecture 

Num1:    .word    42 

Num2:    .word    5000000 

42 = 0x0000002A 

5000000 = 0x004C4B40 



Memory Layout 

 The reserved section is not available to 
user programs 

 The Text(code) section is where 
machine language program is stored 

 The data section is where initialized 
data is stored. This include declared 
variables that have been provided an 
initial value 

 Uninitialized data section is where 
declared variables that have not been 
provided  an initial value are stored 

 The heap is where dynamically  
allocated data will be stored (if 
requested). 

 The stack starts at high memory 
and grows downwards 



Instruction Encoding Format 

 R- Type 
◦ (6-bit opcode, 5-bit rs, 5-bit rt, 5-bit rd, 5-bit shift, 

6-bit function code) 

 

 

 I –Type 
◦ (6-bit opcode, 5-bit rs, 5-bit rt, 16-bit immediate) 

 

 

 

 J- Type 
◦ (6-bit opcode, 26-bit pseudo-direct address) 

 

OPCode Reg S Reg t Reg d Shift Amount Function Code 

31--26 25--21 20--16 15--11 10--6 5--0 

OPCode Reg S Reg t Immidiate 

31--26 25--21 20--16 5--0 

OPCode Function Code 

31--26 25--0 



MIPS Instruction Type 

 MIPS instructions fall into 5 classes: 

◦ Arithmetic/logical/shift/comparison 

◦ Control instructions (branch and jump) 

◦ Load/store 

◦ Other (exception, register movement to/from 

GP registers, etc.) 



Integer Arithmetic Operations 

 The arithmetic operations include addition, 
subtraction, multiplication, division, remainder 
(remainder after division), logical AND, and logical 
OR.  The general format for these basic instructions is 
as follows: 

 
add  Rdest, RSrc, Src Signed addition Rdest = Rsrc + Src or Imm  

sub      Rdest, Rsrc, Src Signed subtraction Rdest = Rsrc – Src or Imm 

mul      Rdest, Rsrc, Src Signed multiply with no overflow Rdest = Rsrc * Src 

or Imm 

mult     Rsrc1, Rsrc1   Signed 64-bit multiply $hi/$lo = Rsrc1 * Rsrc2 

 

div      Rdest, Rsrc, Src Signed divide Rdest = Rsrc / Src or Imm  

div      Rsrc1, RSrc1 Signed divide with remainder  

$lo = Rsrc1 / RSrc2  

$hi = Rsrc1 % RSrc2  



 

rem      Rdest, Rsrc, Src Signed remainder Rdest = Rsrc % Src or Imm  

abs      Rdest, Rsrc Absolute value Rdest = | Rsrc |  

neg      Rdest, Rsrc Signed negation Rdest = - Rsrc  



Logical and Shift Operations 
 

and       Rdest, Rsrc, Src Logical AND Rdest = Rsrc & Src or Imm  

nor       Rdest, Rsrc, Src Logical NOR Rdest = Rsrc ↓ Src or Imm  

not       Rdest, Rsrc, Src Logical NOT Rdest = Rsrc ¬ Src or Imm  

or        Rdest, Rsrc, Src Logical OR Rdest = Rsrc | Src or Imm  

rol       Rdest, Rsrc, Src Rotate left Rdest = Rsrc rotated left Src              or 

Imm places  

ror       Rdest, Rsrc, Src Rotate right Rdest = Rsrc rotated right Src              

or Imm places  

sll       Rdest, Rsrc, Src Shift left logical Rdest = Rsrc shift left logical              

Src or Imm places  

sra       Rdest, Rsrc, Src Shift right arithmetic Rdest = Rsrc shift right              

arithmetic Src or Imm places  

srl       Rdest, Rsrc, Src Shift right logical Rdest = Rsrc shift right logical              

Src or Imm places  

xor       Rdest, Rsrc, Src Logical XOR Rdest = Rsrc ^ Src or Imm 



Example 

 Consider a cuboid with length =82 cm, 

breadth= 12 cm and height = 24 cm. 

Write a program in MIPS Assembly to 

calculate the volume and surface area of 

the cuboid. 

◦ Volume =  length x breadth x height 

◦ Surface area = 2(length x breadth + breadth x 

height + length x height) 



Control Instructions 
 The control instructions refer to 

unconditional and conditional branching.  
Branching is required for basic conditional 
statements (i.e., IF statements) and looping. 

 

 Unconditional branch to specific label 
◦ j <Label>  

 or 

◦ b <label>  



Conditional Control Instructions 
 The conditional instruction provides a conditional jump based on a 

comparison.  This is a basic IF statement. The conditional control 
instructions include the standard set; branch equal, branch not 
equal, branch less than, branch less than or equal, branch greater 
than, and branch greater than or equal. 

beq <Rsrc>, <Src>, <label> Branch to label if <Rscr> and  <Scr> are equal  

bne <Rsrc>, <Src>, <label>  Branch to label if <Rscr> and  <Scr> are not 

equal  

blt <Rsrc>, <Src>, <label> Branch to label if <Rscr> is less  than <Scr>  

ble <Rsrc>, <Src>, <label Branch to label if <Rscr> is less  than or equal to 

<Scr>  

bgt <Rsrc>, <Src>, <label>  Branch to label if <Rscr> is  greater than <Scr>  

bge <Rsrc>, <Src>, <label>  Branch to label if <Rscr> is  greater than or 

equal to <Scr>  



Example 

 Write a program in MIPS assembly 

language which takes an integer number n 

as an input, computes the sum of squares 

from1 to n and out puts the result. 



Data Movement 
 CPU computations are typically performed using registers.  As such, before computations can 

be performed, data is typically moved into registers from variables (i.e., memory) and when 
the computations are completed the data would be moved out of registers into other 
variables 

 Load and store Instructions 

◦ The load and store instructions only move data between register and memory.  Another instruction is 
used to move data between registers 

◦ There is no load or store instructions that will move a value from a memory location directly to 
another memory location. 

 

 

 

 

  

l<type> Rdest, mem Load value from memory location memory into 

destination register.  

li Rdest, imm  Load specified immediate value into destination 

register 

la Rdest, mem  Load address of memory location into destination 

register.  

s<type> Rsrc, mem Store contents of source register into memory 

location 

Type: w/b/h 



Data Movement 
 Both operands must be registers 

  Different move instructions are required to move values 
between integer registers and floating point registers  

 There is no move instruction that will move a value from a 
memory location directly to another memory location 

move Rdest, RSrc Copy contents of integer source register into 

integer destination register 

mfhi Rdest Copy the contents from the $hi register into 

Rdest register 

mflo Rdest Copy the contents from the $lo register into 

Rdest register.  

mthi Rdest Copy the contents to the $hi register from the 

Rdest register 

mtlo Rdest Copy the contents to the $lo register from the 

Rdest register 

The mfhi, mflo, mtho, and mtlo instructions are required only when performing  

64-bit integer  multiply and divide operations. 



Addressing Modes 
 Direct 

◦ Direct addressing mode is when the register or memory location contains the actual 
values.  For example:  

lw $t0, var1 

lw $t1, var2 
 Registers and variables $t0, $t1, var1, and var2 are all accessed in direct mode addressing. 

 Immediate 

◦ Immediate addressing mode is when the actual value is one of the operands. For example:  

li $t0, 57  

add $t0, $t0, 57 
 The value 57 is immediate mode addressing.  The register $t0 is direct mode addressing 

 Indirection 

◦ The ()'s are used to denote an indirect memory access.  An indirect memory access means 
the CPU will read the provided address and then go to that address to access the value 
located there. 

la $t0, lst  

lw $s1, ($t0) 

 

The address, in $t0, is a word size (32-bits).  Memory is byte addressable.  As such, if the data 
items in "lst" (from above) are words, then four add must be added to get the next 
element. For example, the instructions:  

add $t0 $t0, 4  

lw $s2, ($t0) 

will get the next word value in array (named lst in this example) 

 



 Displacement: 

◦ To get the second item from a list of long 

sized values: 

 la $t0, lst  

lw $s1, 4($t0) 

 The "4" is added to the address before the memory 

access.  However, the register is not changed.  Thus, 

the location or address being accessed is displaced 

or temporarily changed as needed 

Addressing Modes 



Stack 
 The current top of the stack is pointed to by the $sp register.  

  The stack grows downward in memory and it is generally expected that all 
items pushed and/or popped should be of word size (32-bit).  

 There is no push or pop instruction.  Instead, you must perform the push and 
pop operations manually. 

 

 PUSH 

◦ subtract the $sp by 4 bytes and then copy the operand to that location (in 
that order).  The instructions to push $t9 would be implemented as 
follows:  

subu  $sp, $sp, 4  

sw  $t9, ($sp) 

 Which will place the contents of the $t9 register at the top of the 
stack. 

 

 POP 

◦ A pop would copy the operand and then add 4 bytes (in that order).  To pop $t2, 
the instructions would be as follows:  

lw  $t2, ($sp)  

addu  $sp, $sp, 4 

◦ Which will place the contents of the $t9 register at the top of the stack. 



Procedures and Functions 

 With regard to calling a 

procedure/function, there are two 

primary activities; linkage and 

argument passing 

 There are two categories of procedures 

◦ Non-leaf procedures: These procedures call 

other procedures 

◦ Leaf procedures: These procedures do not call 

other procedures(or themselves) 

 



Procedure Format 

Linkage 

Process of getting to a 
procedure and getting 
back to correct location 
in the calling routine 

. globl procedureName 

.ent procedureName 

procedureName: 

 

 # code goes here 

 

.end procedure name 

The basic linkage operation uses jal and jr instructions. Both instruction utilize 
$ra register. This register is set to return address as part of the procedure call. 

    jal  procedureName 

jal instruction will copy the $pc into $ra register and jump to the procedure 

 

    jr $ra 

jr instruction is the last instruction of callee procedure, As $ra register holds 
the return address, execution of this instruction will make control return 
to the calling program  

 

 

 



Parameter passing 

  The first argument is passed in either $a0 or $f12 
($a0 if integer or $f12 if float single or double 
precision).  

 The second argument is passed in either $a1 or 
$f14 ($a1 if integer or $f14 if float single or double 
precision).  

 The third argument is passed in $a2 (integer only). ◦ 
If the third argument is float, it must be passed on 
the stack.  

 The fourth argument is passed in $a3 (integer only).  

 If the fourth argument is float, it must be passed on 
the stack. 

 Remaining arguments are passed on the stack 



Example 

 Write a program in MIPS assembly 

language which takes two numbers x and 

y from user through console and passes 

both values to a function “power”, which 

calculates x ^ y and returns the result to 

the main program 



QtSpim System Service Calls 

  QtSpim simulator provides a series of operating 
system like services by using a syscall instruction. 

 To request a specific service from QtSpim simulator, 
the ‘call code’ is loaded in $v0 register.  

 

Service Name Call Code 

Print Integer 1 Integer to be printed needs to be moved to $a0 

Print Float 2 32-bit floating point value to be printed should 

be stored in $f12 

Print Double 3 64-bit floating point value to be printed should 

be stored in $f12 

Print String 4 Starting address of Null terminated string to be 

placed in $a0 



 Example 
◦ Read 

  li $v0, 5    # load syscall read_int into $v0.  

 syscall      # make the syscall. 

◦ Print 
 li $v0, 1   # load syscall print_int into $v0.  

 syscall   # make the syscall. 

Service Name Call Code 

Read Integer 5 32-bit integer entered by the user will be stored 

in $v0 

Read Float 6 32-bit floating point value enetred by user will 

be stored in $f0 

Read Double 7 64-bit floating point value enetred by user will 

be stored in $f0 

Read String 8 Starting address in $a0 and length in $a1 

Terminate 10 

Print Character 11 Character to be printed should be in $a0 

Read Character 12 Character entered by the user is placed in $v0 



Assembler Directives 
 An assembler directive is a message to the 

assembler not an instruction to be executed. 

 Directives are required for data declarations 
and to define the start and end of procedures.  

Declaration 

.byte 8-bit variable 

.half 16-bit variable 

.word 32-bit variable 

.ascii ASCII string 

.asciiz NULL terminated ASCII string 

.float 32 bit IEEE floating point number 

.double 64 bit IEEE floating point number 

.space <n> <n> bytes of uninitialized memory 



Working with Arrays  
 Load address of 

starting of an array in 
$s0 

 

 Load contents at 
address $s0 into $a0 

 

 Print first element of 
array 

 

 Add 4 to $s0 which 
holds the address of 
an array, so that it will 
now refer to 2nd 
element of an array 

 

 Use $s1 register as a 
loop counter 

.data 

array: .word 11, 13, 15, 17 

 .word 21, 23, 25, 27 

 .word 31, 33, 35, 37 

length: .word  12 

.text 

.globl main 

.ent main 

main:  la  $s0, array 

 li  $s1, 0 

 lw  $s2, length   

printloop: 

 li $v0,1 

 lw $a0,($s0) 

 syscall 

 addu $s0, $s0, 4 

 add  $s1, $s1, 1 

  bne $s1, $s2, printloop 

  li  $v0, 10 

 syscall 

.end main 



Thank You 


