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Abstract

Computer organization and design is a common engineering course where students
learn concepts of modern computer architecture. Students often learn computer design
by implementing individual sections of a computer microprocessor using a simulation
only approach that limits a student’s experience to software design.

This project targets the computer architecture courses and presents an FPGA (Field
Programmable Gate Array) implementation of a MIPS (Microprocessor without
Interlocked Pipeline Stages) RISC (Reduced Instruction Set Computer) Processor via
verilog design.

The goal of this project is to enhance the simulator based approach by integrating
some hardware design to help the computer architecture students gain a hands-on
experience in hardware-software integration and achieve a better understanding of
both the MIPS single-cycle and pipelined processors as described in the widely used
book.
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Chapter 1. Introduction

1 Introduction

MIPS stands for (Microprocessor without Interlocked Pipeline Stages).The MIPS
processor, designed in 1984 by researchers at Stanford University, is a RISC (Reduced
Instruction Set Computer) processor. Compared with their CISC (Complex Instruction
Set Computer) counterparts (such as the Intel Pentium processors), RISC processors
typically support fewer and much simpler instructions.

The premise is, however, that a RISC processor can be made much faster than a CISC
processor because of its simpler design. These days, it is generally accepted that RISC
processors are more efficient than CISC processors; and even the only popular CISC
processor that is still around (Intel Pentium) internally translates the CISC instructions
into RISC instructions before they are executed

RISC processors typically have “load-store architecture”. This means there are two
instructions for accessing memory: A load instruction to load data from memory and
a store instruction to write data to memory. It also means that none of the other
instructions can access memory directly.

Basic Processor Architecture

The execution of an instruction in a processor can be split up into a number of stages.
How many stages there are, and the purpose of each stage is different for each
processor design. Examples include 2 stages (Instruction Fetch / Instruction Execute)
and 3 stages (Instruction Fetch, Instruction Decode, and Instruction Execute). The
MIPS processor has 5 stages:

IF The Instruction Fetch stage fetches the next instruction from memory using the
address in the PC (Program Counter) register and stores this instruction in the IR
(Instruction Register)

ID  The Instruction Decode stage decodes the instruction in the IR, calculates the
next PC, and reads any operands required from the register file.



EX  The Execute stage "executes" the instruction. In fact, all ALU operations are
done in this stage. (The ALU is the Arithmetic and Logic Unit and performs operations

such as addition, subtraction, shifts left and right, etc.)

MA  The Memory Access stage performs any memory access required by the current
instruction, so for loads, it would load an operand from memory. For stores, it would

store an operand into memory. For all other instructions, it would do nothing.

WB For instructions that have a result (a destination register), the Write Back writes
this result back to the register file. Note that this includes nearly all instructions, except

nops (a nop, no-op or no-operation instruction simply does nothing) and s (stores).
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1.2 List of Components used in MIPS:

ALU

Memory
Multiplexer (MUX)
Registers

Adder

ko=

ALU:

Abbreviation of ALU is arithmetic logic unit, the part of a MIPS that performs all
arithmetic computations, such as addition and multiplication, and all comparison
operations. The ALU is one component of the MIPS. Shown in figurel.2
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Figure 1.2

Memory:
In FPGA two types of rams we discuss

1. Block RAM
2. Distributed RAM

Block RAM is that built in FPGA we just program how much we need for address and
data.



Distributed RAM is that not built in FPGA we program them using flip flops, but we
use block rams in this project that contains 32 bit data in and out.
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Multiplexer (MUX):
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Positive-Edge Clock

Synchronous Write Enable (active High)
Read/Write Address

Data Input

Data Output

A multiplexer or MUX is a device that selects one of several analog or digital input
signals and forwards the selected input into a single line. A multiplexer of 2" inputs has
n select lines, which are used to select which input line to send to the output.
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Figure 1.4



Register:

Registers are special high-speed storage area within the CPU. All data must be
represented in a register before it can be processed. For example, if two numbers are
to be multiplied, both numbers must be in registers, and the result is also placed in a
register.

FULL ADDER:

The full-adder circuit adds three one-bit binary numbers (C A B) and outputs two one-
bit binary numbers, a sum (S) and a carry (C1)
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Figure 1.5





