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Introduction

Consider the language matched by the regular expression ab*. This
language consists of all strings that start with a and having zero or
more b’sfollowing it.

Suppose that we wanted a "machine" that could examine a string
and determineif it wasin this language or not. The following figure
isatransition diagram of such amachine:

0k Try walking through this with the
strings:
initial state {nc{‘i?;gﬁflirir;gmﬂ W= a_bbb
12345678910111213 141516 W: a
— S w = abab
%ﬂ =%
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Therulesfor tracing a string through a transition diagram are pretty
straightforward.

We aways start at theinitial or start state and transition from one
state to another (including possibly staying at the same state) based
on the symbolsin the input string.

Aslong aswe end up in afinal or accepting state (denoted with
two concentric circles) then we say that the string is accepted by the
machine. If we we are not in an accepting state when we run out of
symﬁpls in the input string then the string is not accepted the
machine.

10/27/2003 05:28 PM

A deterministic finite automaton (DFA) is a collection of three
things:

1. A finite set of states, one of which is designated astheinitial
state, called the start state, and some (maybe none) of which
are designated as final states.

2. An alphabet = of al possible input symbols.

3. A finite set of transitions that tell for each state and for each
symbol of the input alphabet which state to go to next.
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Formal Definition

A deterministic finite automaton is a 5-tupleM = (Q, =, 8, s, F)
consisting of:

1. A finite collection ofstates Q.

2. An input alphabes.
3. A transition function 8:Q>z = Q.
4. Aniinitial statese Q.

5. A collection offinal or accepting statesF < Q.
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Transition Function

There are several ways to describe the transition function. Oneisto
use atransition diagram, as we have already seen. Note that since
thisis a function, atransition must be defined for every
symbol-state pair.

Thus, in atransition diagram there must be alabeled edge for every
symbol in Z initiating at every state.

10/27/2003 05:28 PM
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Transition Function

Transition Diagram Transition Table
Q° gab
I % % %

9 % 9

s a4 9 G

initial state

Notice how the transition table has an entry for every possible
combination of state and input symbol. The fact that § isafunction
iswhat makes this theoretical machine deterministic.
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Input Tape

WE' ve seen several ways to describe deterministic finite automata,
but we need something more for these DFASs to do anything.

The basic operation of a DFA isto process an input string, usually

called theinput tape. The input tape contains symbols from £ and

ablank symbol notin =. A tape head isinitially located a the start
of theinput tape.

Each step of processing with the DFA involves examining the
current state and the symbol under the tape head, making the
transition indicated by this pair, and advancing the tape head to the
next symbol on the tape. When the tape head is on a blank the
machine halts.

10/27/2003 05:28 PM
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Deterministic Finite Automata
The Language of a DFA
If the machine haltsin an accepting or final state we say that the
machine accepts the string on the input tape, otherwise we say that
machine r g ects the string.
Thelanguage of a DFA isthe set of stringsthat it accepts.

Thus, DFAs can be used to define alanguage (i.e., they can
represent alanguage), much like aregular expression can.

10/27/2003 05:29 PM
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Deterministic Finite Automata
Configuration and Derivation

Assumethat M isa DFA. If we know the state that M is currently in
and the unprocessed portion of the input string, we have all we need
to know to determine how M will behave from that point on. This
information is called the configuration of the DFA and is denoted
with the ordered pair (q,w).

We will use the notation
@w) Fy, (@, W)

to indicate that when M isin the configuration (g,w) one step of the
DFA will leaveit in the new configuration (g’ ,w'). We say that
(g,w) derivesor yields the configuration (q',w'). When it's clear
from the context which DFA we are discussing we can drop the
name of the DFA from the derivation symbol and just uset.
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Deterministic Finite Automata http: 2.html

lof 1

Deterministic Finite Automata

prev | slides | next

Derivation

We can trace how a particular DFA works. Consider again our DFA
that accepts strings matching ab* and trace it on the string abbab:

ey (qabbab) , (q bbab)
() (a,,bab)
initial state (e ey +(0,,ab)
- (a,,b)
ab - (%)

Thefinal ordered pair (qz’A) indicates that the input has been
consumed and the tape head is over ablank. Since the state d, is not

an accepting state we know that the string abbab is rejected by this
DFA.

10/27/2003 05:29 PM
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Derivation

If we want to indicate that zero or more steps of a derivation we
will use the symbol +*.

In our last example we have that (qo,abbab) H* (qz,A). Several other
examples are

(g abbbb) 1+ (d,A),
(qovbbba) H* (qsz) ,
(qovabab) H* (qsz) )

only the first of which results in an accepting configuration.
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Deterministic Finite Automata

DFAs from Regular Expressions
Assumethat = = {a, b}.

Construct a DFA that accepts the same strings as the regular
expression (ab)*.
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DFAs from Regular Expressions
Assumethat = = {a, b}.

Construct a DFA that accepts the same strings as the regular
expression (ab)*.

Solution:
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DFAs from Regular Expressions
Assumethat £ = {a, b}.

Construct a DFA that accepts the same strings as the regular
expression ab* (ab)*.
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DFAs from Regular Expressions
Assumethat £ = {a, b}.

Construct a DFA that accepts the same strings as the regular
expression ab* (ab)*.

Solution;
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