Lecture 8
Elementary Questions about
Regular Languages

COT 4420
Theory of Computation

Section 4.2



Representation of Languages

e Informal: a logical or prose statement about
Its strings:

— {0"1" | nis a nonnegative integer}

— “The set of strings consisting of some number of
0’ s followed by the same number of 1’ s.”

* Formal: represent a language by a Regular
Expression, NFA, DFA or Regular Grammars.



Representation of Languages

When we say: We are given a Regular
Language L

We mean: Language L is in a standard
representation



Decision Properties

e Adecision property for a class of languages is
an algorithm that takes a formal description of

a language and tells whether or not some
property holds.

. Is language L empty?



Why Decision Properties?

e Suppose we have a DFA representing a
protocol.

: “Is there an upper bound (in
terms of transitions) for when the protocol
terminates?’ = “Is the language finite?”

“Can the protocol fail?” = “Is the
Ianguage nonempty?  (when the fmal state is
the “error” state)


Presenter
Presentation Notes
.  If we ask whether the language of such an automaton is finite, we are in effect asking whether the protocol it represents is guaranteed to terminate within a certain number of steps. Or, if we make the final states of the automaton be the error states, then asking if its language is empty is tantamount to asking whether the protocol can fail.

And remember, we couldn’t answer either of these questions about programs in general, so we couldn’t get the answers to these questions about protocols by looking at the code that implements them


Membership Problem

Question: Is string w in regular language L?

Answer: Take the DFA representing L and check
if wis accepted by this DFA.



Membership Problem

e If the regular language is in some other
representation, we have an algorithm to
convert it to a DFA as we have:

N
Regular —
grammar

N




The Emptiness Problem

Question: Given regular language L, does it
contain any string at all? Is L empty? (L = 9).

Answer: Take the DFA that accepts L, check if
there is any path from the initial state to a final
state. Note: need only check strings up to length
n, where n is the number of states of the DFA.
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You can do aa dfs or bfs and see if you have any final state among the nodes that you visited


The Infiniteness Problem

Question: Given regular language L, Is it finite?

Answer: Take the DFA that accepts L, check if
there is a walk with cycle from the initial state to
a final state. If there is a cycle, the language of
DFA is infinite, otherwise the language is finite.
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There is an elegant algorithm for finding cycles using depth-first search that takes time proportional to the number of edges or transitions


The Infiniteness Problem

1. Eliminate states not reachable from the start state.
2. Eliminate states that do not reach a final state.

3. Test if the remaining transition graph has any cycles.

— Starting at each node N, search forward until you either can
reach no more nodes, or you discover you can reach N.

— |f you can reach N, you have a cycle

— If you exhaust all the nodes as starting points, and you still
haven’t found a cycle, then there are none.



Equivalence Problem

Question: Given regular languages L, and L,, Is
L,=L,7

Answer:

1. Create L3 — (Ll HIZ)U(EF\LZ)

2. CheckifL;=@?If Lyisempty, L, =L,



Ly=(L,NL)U(L,NL)=D

3

(Ll mL_2)= @ and (I:mLZ)Z 2,
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