
 

 

  

 

 

 

 

 

 

 

 

1. MIPS Assembly 

3. MIPS Instruction set 

 

MIPS is a new single chip VLSI 

microprocessor.  It attempts to 

achieve high performance with 

the use o f  a simplified instruction 

set, similar to those found in micro 

engines. The processor is a fast 

pipelined engine without pipeline 

interlocks.  Software solutions to 

several traditional hardware problems, such as providing pipeline 

interlocks, are used. 

MIPS (Microprocessor without Interlocked Pipe Stages) 
is a new general purpose microprocessor architecture designed to  

be implemented on a single VLSI chip.  The main goal o f  the 

design is high performance in the execution of compiled code.  

The architecture is experimental since it is a radical break with the 

trend of  modern computer architectures. The basic philosophy 

of  MIPS  is  to present  an  instruction set  that  is  a  complier-

driven encoding  of   the  micro engine.  Thus,  little  or   no  

decoding  is needed  and  the  instructions  correspond  closely  

to  microcode instructions. The processor is pipelined but 

provides no pipeline interlock hardware; this function must be  

provided by software. 
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DESIGN 

MIPS is a modular architecture supporting up to 

four coprocessors (CP0/1/2/3). In MIPS terminology, CP0 is the 

System Control Coprocessor (an essential part of the processor 

that is implementation-defined in MIPS I–V), CP1 is an 

optional floating-point unit (FPU) and CP2/3 are optional 

implementation-defined coprocessors (MIPS III removed CP3 

and reused its opcodes for other purposes).  

The MIPS Register Files 

Although called a "f i le",  a  register  f i le  is  not  related to  

disk f i les.  A register f i le is  a small  set  of  high -speed storage 

cells  inside the CPU. There are special -purpose registers 

such as the IR and PC, and also general -purpose registers  

for storing operands of  instructions such as add, sub, mul,  

etc.  

A CPU register can generally be accessed in a s ingle 

clock cycle,  whereas main memory may require dozens of  

CPU clock cycles to read or write.  Since there are very few 

registers compared to memory cells ,  re gisters also require 

far fewer bits  to specify which register to use. This in turn 

allows for smaller instruction codes.  

For example, the MIPS processor has 32 general -

purpose registers,  so i t  takes 5  bits  to specify which one to 

use. In contrast ,  the MIPS  has a 4  gigabyte memory capacity,  

so i t  takes 32 bits  to  specify which memory cell  to  use.  An 

instruction with 3 operands will  require 15 bits  if  they are 

all  registers,  and 96 bits  if  they are all  memory addresses . 

MIPS is a load-store architecture, which means that only load and 

store instructions can access memory. All other instructions (add, 

sub, mul, div, and, or, etc.) must get their operands from registers 

and store their results in a register.  
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Since variables represent memory locations, the MIPS 

processor can only use them in load and store instructions. The 

values must be first loaded into CPU registers using load 

instructions. We can then add the values in the CPU registers 

using an add instruction, which must also put the result in a 

register. Finally, we must use a store instruction to place the 

result in the variable sum. 

    # sum = x + y 

    lw      $t0, x          # Load x from memory into a CPU register 

    lw      $t1, y          # Load y from memory into a CPU register 

    add     $t0, $t0, $t1   # Add x and y 

    sw      $t0, sum        # Store the result from the CPU register to memory 

     

The MIPS processor has one standard register file containing 

32 32-bit registers for use by integer and logic instructions. These 

registers are called $0 through $31.  Registers». The MIPS 

processor has a separate register file for floating point 

instructions, which contains another 32 32-bit registers called $f0 

through $f31.MIPS assembly language employs a  convention for 

use of registers. This convention is not enforced by the as sembler 

or the hardware, but it  must be followed by all MIPS assembly 

language programmers in order to avoid unexpected behavior of 

modules written by different people . 
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Table 1. MIPS Registers 

Register 

Number 

Conventional 

Name 
Usage 

$0 $zero Hard-wired to 0 

$1 $at Reserved for pseudo-instructions 

$2 - $3 $v0, $v1 Return values from functions 

$4 - $7 $a0 - $a3 Arguments to functions - not preserved by subprograms 

$8 - $15 $t0 - $t7 Temporary data, not preserved by subprograms 

$16 - $23 $s0 - $s7 Saved registers, preserved by subprograms 

$24 - $25 $t8 - $t9 More temporary registers, not preserved by subprograms 

$26 - $27 $k0 - $k1 Reserved for kernel. Do not use. 

$28 $gp Global Area Pointer (base of global data segment) 

$29 $sp Stack Pointer 

$30 $fp Frame Pointer 

$31 $ra Return Address 

$f0 - $f3 - Floating point return values 

$f4 - $f10 - Temporary registers, not preserved by subprograms 

$f12 - $f14 - 
First two arguments to subprograms, not preserved by 

subprograms 

$f16 - $f18 - More temporary registers, not preserved by subprograms 

$f20 - $f31 - Saved registers, preserved by subprograms 
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MIPS Assembly Language 

A Simple Example Program 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Operands: Constants/Immediates 
 

• Lw and sw illustrate the use of constants or immediates  

• Called immediates because they are directly avai lable 

• Immediates don’t require a register or memory access  

• The add immediate (addi) instruction adds an immediate to 

a variable (held in a register)  

• An immediate is a 16-bit two complement number 
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INSTRUCTION FORMATS 
 

There are 3 main instruction formats in MIPS. The fields in each 

type are laid out in such a way that the same fields are always in the same 

place for each type. 

 

 

 

 

 

R-Type Instructions 

These instructions are identified by an opcode of 0, and are 

differentiated by their funct values. Except for the first 3 shift instructions, 

these operations only use registers. Note that in addition to arithmetic 

operations, these instructions also include jumps and the system call 

instruction. 
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J-Type Instructions 

These instructions are identified and differentiated by their opcode 

numbers (2 and 3). Jump instructions use pseudo-absolute addressing, in 

which the upper 4 bits of the computed address are taken relatively from 

the program counter. 

 

 

 

 

 

I-Type Instructions 

These instructions are identified and differentiated by their opcode 

numbers (any number greater than 3). All of these instructions feature a 

16-bit immediate, which is sign-extended to a 32-bit value in every 

instruction (except for the and, or, and xor instructions which zero-extend 

and the lui instruction in which it does not matter). Branch instructions 

also effectively multiply the immediate by 4, to get a byte offset. 
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Instruction Set 

 

The MIPS instruction set consists of about 111 total instructions, each 

represented in 32 bits. An example of a MIPS instruction is below: 

add $r12, $r7, $r8 
 

Above is the assembly (left) and binary (right) representation of a MIPS 

addition instruction. The instruction tells the processor to compute the 

sum of the values in registers 7 and 8 and store the result in register 12. 

The dollar signs are used to indicate an operation on a register. The 

colored binary representation on the right illustrates the 6 fields of a MIPS 

instruction. The processor identifies the type of instruction by the binary 

digits in the first and last fields. In this case, the processor recogizes that 

this instruction is an addition from the zero in its first field and the 20 in 

its last field. 

The operands are represented in the blue and yellow fields, and the desired 

result location is presented in the fourth (purple) field. The orange field 

represents the shift amount, something that is not used in an addition 

operation. 

The instruction set consists of a variety of basic instructions, including: 

 21 arithmetic instructions (+, -, *, /, %) 

 8 logic instructions (&, |, ~) 

 8 bit manipulation instructions 

 12 comparison instructions (>, <, =, >=, <=, ¬) 

 25 branch/jump instructions 

 15 load instructions 

 10 store instructions 

 8 move instructions 

 4 miscellaneous instructions 
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Uses 

MIPS processors are used in embedded systems such as residential 

gateways and routers. Originally, MIPS was designed for general-purpose 

computing. During the 1980s and 1990s, MIPS processors 

for personal, workstation, and server computers were used by many 

companies such as Digital Equipment Corporation, MIPS Computer 

Systems, NEC, Pyramid Technology, SiCortex, Siemens 

Nixdorf, Silicon Graphics, and Tandem Computers. 

Historically, video game consoles such as the Nintendo 

64, Sony PlayStation, PlayStation 2, and PlayStation Portable used MIPS 

processors. MIPS processors also used to be popular 

in supercomputers during the 1990s, but all such systems have dropped 

off the TOP500 list. These uses were complemented by embedded 

applications at first, but during the 1990s, MIPS became a major presence 

in the embedded processor market, and by the 2000s, most MIPS 

processors were for these applications. 

In the mid- to late-1990s, it was estimated that one in three RISC 

microprocessors produced was a MIPS processor.[40] 

By the late 2010s, MIPS machines were still commonly used in embedded 

markets, including automotive, wireless router, LTE modems (mainly 

via MediaTek), and microcontrollers (for example the PIC32M). They 

have mostly faded out of the personal, server, and application space. 
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Exercises  

1) Translate the following MIPS assembly language program into 

machine code.  

.text  

.globl main  
main:  
    ori $t0, $zero, 15  
    ori $t1, $zero, 3  
    add $t1, $zero $t1  
    sub $t2, $t0, $t1  
    sra $t2, $t2, 2  
    mult $t0, $t1  
    mflo $a0  
    ori $v0, $zero, 1  
    syscall  
    addi $v0, $zero, 10  
    syscall  
      
.data 
 

2) Translate the following MIPS machine code into MIPS assembly 

language.  

0x2010000a  
0x34110005  
0x012ac022  
0x00184082  
0x030f9024 
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