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Finite State Machines with deterministic behavior

are called Deterministic Finite State Automata

(DFA).

A DFA is de�ned as a 5-tuple

M = (K, �, �, S, F)

1. K is a �nite set of states

2. � is an alphabet

3. � is the deterministic state transition function

that maps a state and an input to another state

K � � �! K
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4. S is the initial state, S 2 K

5. F is the set of �nal states, F � K
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1

A

C D

B

1

1

1

0 000

Figure 1: A Finite-State Automaton
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What does this machine do?

Accepts 11, 00, 1010, 0101, 1001, 100001

Accepts strings with an even number of 1's

and an even number of 0's.
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K = fABCDg � = f0; 1g

The Transition Inputs

Function

| 0 1

------|--------------

State A | C B

B | D A

C | A D

D | B C

S = A F = fAg
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A

D

11 + 00

00 + 11

10 + 01

01 + 10

Figure 2: A Reduction of a Machine

The above views the machine as a composite machine
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(11 + 00 + [(10 + 01)(00 + 11) � (10 + 01)])�
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Regular Expressions to describe �nite state

machines are de�ned inductively:

1. � and � are regular expressions

2. every symbol x 2 � is a regular expression

3. if R1 and R2 are regular expressions, so are:

R1 + R2 (union)

R1R2 (concatenation)

(R1)
� (Kleene closure)
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1. R � = � R = R

2. R � = � R = �

3. (RS) T = R (ST )

(concatenation has identity and cancellation elements,

concatenation is also associative)

Note: RS 6= SR for arbitrary R and S
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1. R (S + T ) = RS + RT

What about R + (ST )
?
= (R + S) (R + T )

2. R� = R� R� = (R�)� = (� + R)�

3. (R + S)� = (R� + S�)�

4. (R + S)� = (R�S�)� = (R� S)� R�

Note: (R + S)� 6= R� + S�

5. R� R = R R�

6. R (SR)� = (RS)� R

7. (R�S)� = � + (R+ S)� S
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8. Arden's Rule:

Assume � 62 ~S. Then

a. R = SR + T i� R = S� T

b. R = RS + T i� R = T S�

T
R

S

Figure 3: Arden's Rule
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MEALY and MOORE machines

We have been looking at Moore Machines, where an

output is associated with a state: hence, these are

also known as State-Assigned Machines

Note that a Moore Machine has an output for the

initial state, and hence an output for �.
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A Mealy Machine is transition assigned.

Note that a Mealy Machine does not have an output

associated with the initial state, and thus has no

output for �.
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a

a

a/1

a/0

Figure 4: Equivalent Mealy and Moore Machines
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A transition assigned (Mealy) machine, Mt, and a

state assigned (Moore) machine, Ms, are similar is,

for any input, the output of Ms is exactly the same as

the output of Mt preceded by one arbitrary but �xed

symbol.

This is because Ms has an output for the initial state.
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One can easily convert a state assigned machine into

a transition assigned machine.

For each computation

�(Kx; �) �! Ky

Move the output associated with Ky to the transition

between Kx and Ky.
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To convert a transition assigned machine into a state

assigned machine, one must move the output

associated with the computation

�(Kx; �) �! Ky

from the transition to the state Ky.

Note that we may now need multiple copies of Ky.

E.G. Ky�outputs�1 Ky�outputs�0
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For each output i and state Ky, we construct a new

state,

Ky�outputs�i

Each transition that goes to Ky and outputs i is

mapped to state Ky�outputs�i.

Each new state Ky�outputs�i inherits all of the

outgoing transitions associated with Ky.
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1/1

1/0

0/1 0/0

A B

Figure 5: A Mealy Transition Assigned Machine
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0 1

====|============

A0 | A1 B1

A1 | A1 B1

B0 | B0 A0

B1 | B0 A0

Note that there are now two initial states. You can

keep two initial states (a nondeterminism!) or you can

pick either initial state.

Slide Lecture 2 {70


