Digital Electronics                                                                               Finite State Machines


Finite State Machines and State Diagrams

Combinatorial systems = output based on present inputs

Sequential systems = output based on sequence of inputs

In the latter case, this method of operation means that there is dependency on the states that the system can adopt. That is - the next state is a function of a given sequence of inputs and the current state the device is in. this type of sequential system is known as a Finite State Machine (FSM).

Finite State Machine (FSM)

There are essentially two types;

1. Asynchronous  -  combinatorial logic with direct feedback

2. Synchronous – use flip flops for memory and cycled by a clock (the clock implies synchronous)

Generalised FSM


Class A machine (Mealy Machine)






Outputs are a function of inputs and present state

Class B Machine (Moore Machine)









Outputs are a function of the state of the machine

Class C Machine (Moore Machine, Restricted)








Outputs do not pass through the output decoder.

Note: some systems are a mixture of ;

Mealy (outputs based on inputs and state of machine)

Moore (outputs based only on state of machine)

State Diagrams

The state diagram is to sequential design what the truth table is to combinatorial systems. It is a graphical way of describing the operation of a state machine, analogous to a flow diagram. The diagram represents the logic necessary to jump from a given state to another and also shows the outputs generated for this state transition (should it occur).













The symbols in the state circle represent the ‘label’ for the state, and the ‘code’ or output condition for the state;

The principle is best illustrated by a few simple examples. It should be noted that an alternative representation of a finite state machine can be provided by an adapted form of truth table called the state table. The state table has columns representing the present state, the inputs, the next state and the outputs. The state diagram can be easily derived from the state table. We will explore this concept in later lectures.
Example 01 – 2 bit counter





State Diagram




















Example 02 – Parity Checker


State Diagram






Implementation – J-K Flip Flop 

Remember J-K toggles on successive pulses if J and K inputs held at logic ‘1’ !!
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Input conditions leading to state c





Output specification for state b
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Note: 


Clock is implied
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Symbology is X/AB
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Loops illustrate a HOLD in this state
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Z should equal ‘1’ if no of 1’s entered is odd.


(Odd Parity)
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Symbology is X/Z
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Clock is implied
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Z should equal ‘1’ if no of 1’s entered is odd.


(Odd Parity)
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