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ABSTRACT

Preliminary studies show that commercial microprocessors are not suited for many
research projects due to the fact that they are closed source and they cannot be
modified. Most non-commercial microprocessor architectures do not have proper
memory management that can enable and extend their usability. The proper use of
computer memory is vital to ensure efficiency of process executions in microprocessor
systems. This project designed a memory management of a simplest microprocessor on
FPGA platform. The project implements the design of the simplest 32-bit microprocessor
and its memory system using schematic approach. The project uses the concept of
management as the art of managing the main memory, buffer and registers. The
memory management was designed to allow the microprocessor to use main memory or
I/O buffers in a controlled manner with the help of the microprocessor signals generated
from a well designed control unit by using four operation code bits. This memory
management is also designed to improve memory bandwidth so as to reduce the
microprocessor to memory speed miss-match. This design showed some of the
characteristic of reliable future microprocessor design such as flexibility,
programmability, adaptable, reconfigurable. Altera DE2-115 board was used to validate
the design.

ABSTRAK

Keputusan awal menunjukkan bahawa mikropemprosesan komersial tidak sesuai dalam
banyak projek disebabkan fakta yang menunjukkan ia merupakan sumber tertutup dan
tidak mudah untuk diubahsuai. Kebanyakan senibina mikropemprosesan bukan
komersial tidak mempunyai pengurusan memori yang teratur yang membolehkan
pengembangan kegunaannya. Kegunaan Rekabentuk komputer yang betul adalah
sangat penting untuk memastikan kecekapan proses dilancarkan dalam system
mikropemprosesan. Projek ini dilaksanakan dengan menggunakan rekabentuk 32-bit
mikropemprosesan yang ringkas dan system memori yang menggunakan pendekatan
skematik. Projek ini mengamalkan konsep pengurusan sebagai seni untuk mengurus
memori utama, penampan dan pendaftar. Pengurusan memori telah direka untuk
membenarkan mikropemprosesan menggunakan memori utama ataupun penampan
keluar masuk secara terkawal dengan bantuan isyarat mikropemprosesan yang dijana
dari unit kawalan yang dibina dengan menggunakan empat kod operasi. Pengurusan
memori ini juga dibina untuk menaiktaraf jalur lebar memori serta mengurangkan
kelajuan memori mikropemprosesan daripada tidak serasi. Rekabentuk ini menunjukkan
beberapa ciri-ciri dipercayai untuk kegunaan rekabentuk mikropemprosesan pada masa
hadapan seperti fleksibiliti, kebolehprograman, kesesuaian dan pembentukan semula.
Papan Altera DE2-115 telah digunakan untuk mengeahkan rekabentuk ini.
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CHAPTER 1

INTRODUCTION

1.1 Background
The microprocessor is the brain of a computer. Its architecture contributes to the
determination of how fast the computer will be and what capabilities the machine will
have. There are several choices when it comes to microprocessor system design such as
when using Digital Signal Processors (DSPs), Reid-Programmable Gate Arrays (FPGAs),
or Application Specific Integrated Orcuits (ASICs). FPGAs have become a popular
alternative and useful to actually replace custom ASICs and processors for signal
processing and control applications. FPGAs have become popular because of their ability
to be reprogramed. Using prebuilt logic blocks and programmable routing resources, you
can configure these chips to implement custom hardware functionality based on
specified requirements.
Ashley et al. (1996) argued thatr although computing development continues to
squeeze more computational performance from microprocessor systems, the amount of
cache remains small relative to the system memory. Since any sort of cache access has
a performance inversely proportional to the number of cache misses, we find that

in many cases a computer's speed bottleneck is not in the microprocessor but on the
access method and times of the memory.
According to Doug, James, and Alain (1996), the reason why microprocessors fail
to scale is because of memory latency and computational overhead. The largest
computational bottlenecks occur between the interface of main memory (RAM) and the
microprocessor. Doug et al. (1996) suggested that, lightweight multichannel memory
with a fast message passing system bandwidth can open the door to novel ways of
distributing data and computation.

1.2 Project Description
The memory is designed for use with one system; it simply includes read/write, input
data, output data and their enable Signals. For the proper utilization of memory by a
certain processing unit, there must be some management between memory and the
processor in order to facilitate proper utilisation of memory and to avoid errors and data
corruptions. This can be very helpful for many different applications to save time, reduce
costs, save space, reduce complexity and more. The method to facilitate the effective
memory utilization is by implementing a memory management system. The memory
management systems are also designed to increase the memory speed so that memory
operations can catch-up with the microprocessor speed. There are different memory
management approaches used in ASICs and even in some FPGA designs for example
cache memory and virtual memory, which are mostly used in recent microprocessors.
But the amount of cache memory used remains small relative to the main memory

(RAM). Apart from small size of cache, cache memory still suffers from another problem
2

of cache miss (William 2010; Tanenbaum 200; Ashley et al. 1996). How about looking
into another memory management approach, a little different from cache memory? And
FPGAs are magnificent for prototyping due to their programmability.
According to Weber (2001), an arbiter is the term used for an object that
facilitates or arbitrates interaction between two distinct blocks. The arbiter follows a set
of rules to pass the communication between the microprocessor, other blocks and main
memory. The memory manager is designed to handle the complexity of memory
operations/usage necessary to ensure proper data transfer. The microprocessor
architecture used is the simplest RISC architecture the designed microprocessor in this
project is inspired by the simplest word-size scalable 32-bit microprocessor known as
SWORDS32. According to Othman (2012), the unique of SWORD32™ microprocessor is
its scalability and custom iza bility. While memory manager in the microprocessor
architecture can be implemented and utilized in a variety of applications, this project has
implemented the design on FPGA. A consideration that a memory manager needs to
take is how the whole process of memory read/write operations takes place and how it
determines which bus is granted access in order to effectively utilize the memory.
This project set out to design and create the memory manager using Schematic
approach. And validate it on AlTERA TIl DE2-115 development board. There are a few
goals that were essential for the progression and completion of this project. Rrst, to
design a simplest microprocessor and control unit for that generates control signals
including memory and register read/write signals, so that there is a functioning interface
to memory. Second, the memory manager should be designed and interfaced with the
simplest microprocessor. Thirdly, a validation process for the memory manager on a
microprocessor carried out. These three goals were necessary to complete the design.

3

1.3 Problem Statement
Microprocessor systems suffer the speed miss-match between the fast microprocessor
and the slow main memory (RAM). This is to both configurable and non-configurable
microprocessors. Microprocessor is made of flip-flops and gates; this makes the
microprocessor to have very fast processing speed in terms of GHz. The main memory or
RAM does not have the speed of the processor. For instance DDR3 SDRAM has speed
around 1033MHz. This is not enough for the processing speed of the processor hence
result a critical problem for fetching and executing instructions because the speed of the
CPU and RAM does not match. If the CPU access the RAM and take the data and
instructions for processing, the CPU's speed would be limited to the speed of the RAM.
This slows down the processing speed and the overall efficiency of the system. cache
memory was introduced to overcome this bottleneck of speed of data transferring but it
is also not suffident as it is relative small compare to RAM and it experiences cache
misses which waste the processing time as reported by Ashley et al. (1996).
In order to provide the best achievable flexibility in hardware, scalability and
configurability is required. Many microprocessors have been invented and their hardware
and software implementations may be widely available. The available invention or
designs can be categorized in two kinds, i.e. microprocessors with a commercial license
and microprocessors with an open source license. Commercial microprocessors are
mostly provided as firm-core implementations. They are technology dependent and are
mostly practically non-modifiable. On the other hand, microprocessor with noncommerdal license - Currently 95 microprocessors are listed on OpenCores according to
OpenCores (2015), they are configurable but they are very limited to scalability and
usability.

4

An important requirement for microprocessors, which are useful for specific
functions or studies, in either research or learning purpose, is that they can be
changed- in terms of ISA, bus implementation or memory implementation to support
multiple processing functionality. Research topics change rather quickly and every topiC
will probably have different requirements and expectations of a microprocessor in terms
of features, dock frequency and processor size. Due to these differences in requirements
a processor needs to be configurable and yet has high performance metric. Furthermore,
research depends heavily on simulation of components, but simulating firm-core designs
is very time-consuming compared to the simulation of a behavioural model. According to
Holsmark et al. (2004), customizable processors like MicroBlaze for instance - its
simulation and integration within project is a time consuming and exhausting task
because of its less customizability.
This project has designed a memory manager on customisable microprocessor
which its design is inspired by SWORD32™ and Mano RISC processor, so as to Increase
their configurability, usability and performance.

1.4 Project Objective

The objective of this project is to develop a memory manager for a customizable yet
simplest 32-bit RISC microprocessor which is designed based on SWORD32™
architecture and Mano RISC microprocessor. The result of this development is a
microprocessor with its memory manager, which will be suitable for a wide range of
development projects and research projects in the field of Computer Engineering.

5

This development is ought to be suitable and successful if the following design goals are
met.
•

To design, validate and implement a simplest 32bit microprocessor by first design
its control unit, instruction set, and decode opcode bits so as to obtain different
instructions and control signals.

•

To design memory manager that uses the memory control signal and manage
the microprocessor to main memory access as well as buffers and other blocks.

•

To interface the simplest microprocessor and the memory manager to obtain the
overall design, then to validate the design on Altera DE2-US Board.

1.5 Project Scope
The design natively executes simple 32-bit instructions and handles memory read/write
operations with the help of a designed memory manager which is the link between the
simplest 32-bit microprocessor, the memory resource modules and the I/O. The
microprocessor shall interface with a memory manager to handle its communication with
memory resource which consists of main memory, registers and I/O buffers. The
implementation of this design is done on machine code level by using microcodes which
have operands, opcode, registers and immediate values.
The memory manager will consist of address decoder, arbiter, and bus system
which will route the data to the correct module, either main memory or buffers to the
microprocessor. A memory arbitration

part is to monitor access to the main memory or

I/O buffers so as to control traffic.

6

This project set out to design the memory manager by using schematic
approach. And then validated it using ALTERA'" DE2-11S development board. There are
few goals that were essential for the progression and completion of this project. Rrst,
sending read/write signals to memory, which would be done with no memory manager,
just a simple direct memory access so that there is a functioning interface to memory.
This is achieved by designing a simplest microprocessor with a control unit that
generates read/write signals along with other important Signals required to meet
objectives of the project. Second, the memory manager is designed and interfaced with
the designed microprocessor to form one integrated design. The purpose of the memory
manager is to manage and improve the usage of the computer memory such as creating
effective memory fetch cycles (memory read and write), effective movement of data
between main memory, registers and buffers and selection of memory such as main
memory, registers or I/O Buffers to work on a particular execution process. This is to
eliminate the speed miss-match between microprocessor and memory. Thirdly, a
validation process for the memory manager would be carried out. These three goals are
necessary to create a useful, functional memory manager.

1.6 Project Workflow

The design of memory manager for simplest microprocessor on FPGA started with
literature search on memory technologies and different memory management
approaches that exist today. The literature search went further to study different
configurable microprocessor and the whole concept of designing on FPGA platforms. The

SWORD32'"" microprocessor was studied and tested on A1tera DE2-US development
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board. Then the simplest microprocessor was designed. The design of the simplest
microprocessor is inspired by the SWORD3r"" and the Mano RISC Processor. Then the
schematic for the designed system that contains simplest microprocessor module and
memory manager module, is analyzed and compiled on Quartus II software. Then the
overall design is tested and validated on the DE2-11S board.

l':a-~I

~r-.....;.Debug----']
01(

Figure 1.1 Project Workflow
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1.7 Organization of Report

The organization of this report is as follows. Chapter 1 gives the elaboration of the
project, which indudes project description, problem statement, project objective, project
scope, workflow and organization. Within the project description and problem statement,
the motivation is stated. In Chapter 2 existing Simplest and scalable microprocessor
architecture (SWORD32TM) is evaluated as well as different memory technologies. FPGA
platform tools to be used for development were also elaborated in detail. Chapter 3 is
about the system design, adaptation of the selected microprocessor architectures and
explanation of the design module by module starting by simplest microprocessor control
unit design, ALU, and memory management design. A great deal of effort is put on this
chapter on making and improving the design, especially on the memory management
and microprocessor part so as to make the system works.
In Chapter 4, a simplest microprocessor is tested for compliance with the ISA
design and opcode, as well as control unit signals. Each module designed as explained
on chapter 3 were tested and validated by using DE2-11S board. This chapter also
analyses and discuss about the obtained results. Chapter S will give a reflection of what
has been achieved during this project it also gives recommendation regarding the
design.
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