Automata Theory and Formal Grammars: Lecture 2

Deterministic and Nondeterministic Finite Automata
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Last Time

® Sets Theory (Review?)
® Logic, Proofs (Review?)
® Words, and operations on them: w; o wq, w*, w*, w™

® | anguages, and operations on them: L, o Ly, L*, L*, L

Today

® Deterministic Finite Automata (DFAs) and their languages
® Closure properties of DFA languages (the product construction)
® Nondeterministic Finite Automata (NFAs) and their languages

® Relating DFAs and NFAs (the subset construction)
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The n!" Fibonacci number f(n):

0
1

fin—1)4+ f(n—2),forn > 2

As a recursively defined set (relation)

Fb = 0
Fiyn = {(0,0),(1,1);
( (ni1, fn,) € F; and
U SN, [y + fra) | (no, fn,) € F; and >
L n=n+1=mny+2
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Fob = 0
Fipr = {(0,0),(1, 1)}
( (n1, fn,) € F; and
U QM fr + fna) | (02, fn,) € F; and %
| n=mn+1=mny+2 |
For example:
Fb = 0
o= {{0,0),(1,1)}
F, = {(0,0),(1,1),(2,1)}
F3 = {(0,0),(1,1),(2,1),(3,2)}
Fy = {(0,0),(1,1),(2,1),(3,2),(4,3)}
Fy =
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® 3 is an arbitrary alphabet. (In examples, ¥ should be clear from
context.)

® The variables a—e range over letters in ..
® The variables u—z range over words over ¥*.

® The variables p—q range over states in Q.
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For any string w and language L:

Woe=w =cow (1)
Lo{e} =1L ={e}oL (2)
L*={e}ULoL" (3)

L* is closed with respect to concatenation, for any L:

fue L*andv e L*thenuowv € L*
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... are “machines” for recognizing languages!
® They process input words a symbol at a time.

= An “accept light” flashes if the symbols read in so far are “OK”.

Accept

Q 0110--
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Definition | A finite automaton (DFA) is a quintuple (Q, >, qo, 9, A)
where:

B () is a finite non-empty set of states;

® Y is an alphabet;

B gy € QIs the start state;

)@ x X — @ is the transition function; and

B A C (Q is the set of accepting (final) states.
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Given a DFA M = (Q, X, qo, 0, A) and word w € >*:

® M should accept w if in processing w a symbol at a time, M goes
to an accepting state.

® To formalize this we define a function
0 :Q xX* —Q
0*(q, w) should be the state reached from ¢ after processing w.

® How to define §*7?

Portions (€)2000 Rance Cleaveland (¢)2004 James Riely Automata Theory and Formal Grammars: Lecture 2 — p.9/38



What is 6*(0, abaa)?

BBod
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Definition | Let M = (@, X, qo, 9, A) be a DFA. Then §* : Q@ x ¥X* — Q' Is
defined recursively:

5 (. w) = q ifw=¢
| 0*(6(q,a),w") ifw=aw anda e

0*(q, w) = ¢ if ¢’ the state reached by processing w, starting from g.
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Definition

A DFA accepts a word if it reaches an accepting state after
“‘consuming” the word.

Let M = (Q, %, q0,9, A) be a DFA.

® )M accepts w € ¥X* if 6*(qp, w) € A.

mL(M)={weX*| M accepts w } is the language accepted by M.
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Example: DFA for { w € {0,1}* | w endsin 01 }
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Example: DFA for Valid Binary Numbers

® Must contain at least one digit.

® No leading Os.
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