
1.2 LEARNING MATERIAL

Frame 1.1 What is an FSM?

AnFSM is a digital sequential circuit that can follow a number of predefined states under the

control of one ormore inputs. Each state is a stable entity that themachine can occupy. It can

move from this state to another state under the control of an outside-world input.
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Figure 1.1 Block diagram of an FSM-based application.

Figure 1.1 shows an FSMwith three outside-world inputs p, q, and the clock, and three

outside-world outputs X, Y, and Z are shown. Note that some FSMs have a clock input and

are called synchronous FSMs, i.e. those that do not belong to a type of FSM called

asynchronous FSMs.However,most of this text will deal with themore usual synchronous

FSMs, which do have a clock input. Asynchronous FSMs will be dealt with later in the

book.

As noted above, inputs use lower case and output upper case names.

A synchronous FSM can move between states only if a clock pulse occurs.

Task Drawablockdiagramfor anFSMwithfive inputs x,y, z, t, anda clock, andwith two

outputs P and Q.

Go to Frame 1.2 after attempting this question.

Frame 1.2

The FSM with five inputs x, y, z, t, and a clock, and with two outputs P and Q is shown in

Figure 1.2.
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would accommodate 34 states. In general:

24 ¼ 16 states; 25 ¼ 32 states; 26 ¼ 64 states; 27 ¼ 128 states; etc:

2. What would the state numbers be for this FSM?

These would be

s0, s1, s2, s3, s4, s5, s6, s7, s8, s9, s10, s11, s12, s13, s14, s15, s16, s17,

s18, s19, s20, s21, s22, s23, s24, s25, s26, s27, s28, s29, s30, s31, s32, s33.

The unused states would be s34–s63.

Note, in this book, lower case ‘s’will be used to represent states to avoid confusion of state

s0 with the word ‘so’ or ‘So’.

Aswell as containingflip-flops to define the individual states of the FSMuniquely, there is

also combinational logic that defines the outside-world outputs. In addition, the outside-

world inputs connect to combinational logic to supply the flip-flops inputs.

Go to Frame 1.4.

Frame 1.4

Figure 1.3 illustrates the internal architecture for a Mealy FSM.
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Figure 1.3 Block diagram of a Mealy state machine structure.
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Figure 1.9 Showing placing of outside-world outputs.

Now go to Frame 1.10.

Frame 1.10

The block diagram will look like Figure 1.10.
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Figure 1.10 The block diagram for state diagram of Figure 1.9.

This is easily obtained from the state diagram since inputs are located along transitional

lines and outputs inside (or along side) the state circle.

Recall that in Frame 1.2 each state had to have a unique state number and that a number of

flip-flops were needed to perform this task. These flip-flops are part of the internal design of

theFSMand are used to produce an internal count sequence (theyare essentially acting like a

synchronous counter, but one that is controlled by the outside-world inputs). The internal

count sequenceproducedby theflip-flops is used to control theoutside-worlddecoder so that

outputs can be turned on and off as the FSM moves between states.
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� that the secondary statevariables canbe assigned arbitrarily, but that following aunit distance

code is good practice;

� anumberof simpledesignshave shownhowaMealyorMooreFSMcanbe realized in theway

in which the output equations are formed.

However, the state diagram needs to be realized as a circuit made up of logic gates and flip-

flops; this part of the development process is very much a mechanized activity, which will be

covered in Chapter 3.

Chapter 2 will look at a number of FSM designs that control outside-world devices in an

attempt to provide some feel for the designof state diagrams for FSMs.Thepacewill be quicker,

as it will be assumed that the preceding work has been understood.
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