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Preface

This book covers the design and use of finite state-machines (FSMs) in digital systems. It

includes stand-alone applications and systems that use microprocessors, microcontrollers, and

memorycontrolleddirectly from theFSM,aswell asother commonsituations found inpractical

digital systems. The emphasis is on obtaining a good understanding of FSMs, how they can be

used, and where to use them.

Thepopular andwidelyusedVeriloghardwaredescription language (HDL) is introducedand

applied to the description andverificationofmanyof the designs in the book. In addition to logic

gate andBooleanequation-level stylesofVerilogdescription, there is alsoachapter covering the

useofHDLat the so-calledbehavioural level,wherebyadesign is describedusing thehigh-level

features provided by Verilog HDL.

There is also a chapter using the One Hot technique, commonly used to implement FSMs in

field programmable gate arrays with examples on the development of dynamic memory access

(DMA) controllers and data sequence detectors. Asynchronous (event-driven) FSMs not

requiring a clock signal are covered in achapter using a technique that allows rapiddevelopment

of reliable systems. A chapter on the use of Petri-net-based controllers is included, allowing

parallel-based digital FSMs to be developed.

In the development of digital systems, microcontrollers have been used for many years to

control digital inputs and outputs, as well as process analogue information. Now, using the

techniques in this book, FSM-based designs can be implemented using a deterministic model,

the state diagram, as a design aid. Once developed, the state diagram can be used to implement

the final system using either Boolean equations obtained directly from the state diagram, or a

behaviouralVerilogHDLdescription, againdevelopeddirectly fromthestatediagram.External

devices, such as memory, address counters and comparators, can be implemented either from

the Boolean equations that define their operation or via behavioural-level descriptions in

Verilog HDL.

The book is targeted at undergraduate final-year students of Electrical, Electronic, and

Communications Electronic Engineering, as well as postgraduate students and practising

Electronic Design Engineers who want to know how to develop FSM-based systems quickly.

The bookwill assume an understanding of basic logic design and Boolean algebra, as would be

expected of a final-year undergraduate. The book sequence follows.



The first three chapters are in the form of a linear frame programmed learning format to help

the reader learn the essential concepts of synchronous FSM design.

This set of notes has been used with undergraduate final-year students at our university for

some years now and has been well received by the students. These chapters cover the idea of

basic FSM design and synthesis. Once this is covered, the book reverts to a more familiar text.

However, the first three chapters, being linear, can be read in the same style as themore familiar

text if the reader desires.

A breakdown of the chapters in the book now follows.

Chapter 1 contains an introduction to FSMs, the Mealy and Moore models of an FSM,

differencesbetweensynchronous (clock-driven)FSMsandasynchronous (event-driven)FSMs,

the state diagram and how it can be used to indicate sequential behaviour and the inputs and

outputs of a system. This follows with a number of examples of FSMs to illustrate the way in

which they can be developed to meet particular specifications.

Chapter 2 covers the use of external hardware and how this hardware can be controlled by the

FSM. The examples include how to create wait states using external timers, how to control

analogue-to-digital converters, and memory devices. This opens up the possibilities of FSM-

based systems that are not normally covered in other books.

Chapter 3 is a continuationof theprogrammed learning text, looking at synthesizationof state

diagrams using T flip-flops and D flip-flops, as well as initialization techniques.

The remaining chapters of the book will be in a more conventional format.

Chapter 4 covers synchronous (clock-driven) FSM examples, some with simulation. This

chapter gives some practical examples commonly found in real applications, such as a digital

waveform synthesizer and asynchronous serial transmit and receive blocks.

Chapter 5 is an introduction to theuseof ‘OneHotting’ in synchronousFSMdesign.Amongst

the examples covered is a DMA controller and serial bit stream code detection.

Chapter 6 is an introduction to Verilog HDL and how to use it at the gate level and the

Boolean equation level, together with how to combine different modules to form a complete

system.

Chapter 7 introduces the basic lexical elements of the Verilog HDL. Emphasis is placed on

those aspects of the language that support the description of synthesizable combinational and

sequential logic.

Chapter 8 takes a more detailed look at the Verilog HDL, with emphasis on behavioural

modelling of FSM designs. It covers using an HDL to implement synchronous FSMs at the

behavioural level - with examples.

Chapter 9 is an introduction to asynchronous (event-driven) design of FSMs from initial

concepts through to the design of asynchronous FSMs to given specifications. This will also

include a brief discussion of race problems with asynchronous designs and how to overcome

them.

Chapter 10 is an introduction to synchronous Petri nets, and how they can be used to

implement both sequential and parallel FSMs. Petri nets allow the design of parallel FSMs

with synchronized control. This chapter shows how a Petri net can be designed and synthesized

as an electronic circuit using D-type flip-flops.

Each chapter contains exampleswith solutions,manyofwhich have been used by the authors

in real practical systems.

There is a CD-ROM included with the book containing a digital simulation program to

aid the reader in learning and verifying the many examples given in the book. The program

xii Preface



is based on Verilog HDL. This tool has been used to simulate most of the examples in the

book.

Also on the CD-ROM are folders containing many of the book’s examples, complete with

test-bench descriptions to allow the simulations to be run directly on a PC-based computer.

Peter Minns BSc(H) PhD CEng MIET

Ian Elliott BSc(H) MPhil CEng MIET

Newcastle Upon Tyne
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