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Regular Languages are Decidable

Regular languages are decidable: given any two regular languages A and B, an
algorithm can determine whether A and B contain the same strings.

The decision algorithm exploits the fact that set operations can be performed on
regular languages, based on transformations of finite automata. Because a regular
language in any form (regular expression, DFA, and NFA) can be freely converted
to any other form, these operations on automata are fully general.

Because these set operations yield a finite automaton as a result, the results of set
operations on regular languages are also regular languages.

Let’s say that A and B are finite automata recognizing regular languages A and B.
(I.e., we use “A” to mean both a regular language and a finite automaton that
recognizes language “A”.) We can transform the automata A and/or B to construct

an automaton that recognizes the languages

A U B, the union of A and B

A€, the complement of A, meaning all strings (over some alphabet) that are not in
A

A N B, the intersection of A and B
A - B (set difference), all strings that are in A but not in B

In addition to the possibility of performing set operations on finite automata, it is
also possible to check any finite automaton to find out whether or not it recognizes
a nonempty set of strings. Using this check, we can find out, for any regular
language, whether or not that language is empty.

A decision procedure to check the equivalence of regular languages A and B is
(A=B)=((A-B=Y)and (B-A=9D))

In other words, A is equivalent to B if and only if the set differences (A - B) and (B
- A) are both empty.



Constructions for Set Operations

Here are constructions for set operations on regular languages.

Union (A U B): The basic idea is to create new start and accepting states, connect
the new start state to the start states for A and B using epsilon transitions, and
connect the accepting states of A and B to the new accepting state using epsilon
transitions. After these modifications are done, all of the original start and
accepting states of A and B become non-start, non-accepting states. The resulting
NFA recognizes the union of A and B.

Complement (A°): Given a DFA recognizing language A, create an explicit
“reject” state, which is a non-accepting state. In all states of A where there is no
explicit transition on a particular input symbol, create an explicit transition to the
reject state on that symbol. In the reject state, self-transitions on each possible
input symbol lead back to the reject state. The result of these transformations is a
DFA that recognizes the same language as the original DFA, but every state has a
transition on every input symbol. By changing each accepting state to a non-
accepting state, and changing each non-accepting state to an accepting state, we
create a DFA that recognize the complement of A.

Intersection (A N B): Intersection can be synthesized using the constructions for
union and complement:

ANB=((A)V(BY))"

In other words, the intersection of A and B is the complement of the union of the
complements of A and B.

Difference (A - B): Difference can be synthesized using the constructions for
intersection and complement

A-B=ANBe

In other words, A - B is the set of all strings that are in A and also in the
complement of B.
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UNIT II: (Important Questions)

I. State pumping lemma for regular languages. Use pumping lemma to prove that the language L, defined as
follows, is not regular. L = {Om In | m and n are positive integers and m # n}.

2. Explain the difference between Moore machine and Mealy machine. Describe with the help of an example how a
Moore machine can be converted to a Mealy machine. :

3. Write regular expression for set of all strings such that number of a’s divisibleby 3 over Z = {a,b}(UPTU
2018-19)

4. Letrl and r2 be two regular expressions defined as follows :rl = (00*1)*1 and r2 =1 + 0(0 + 10)*11. Prove that

rl =r2. (UPTU 2012-13)

Prove that the language L = {On | n is prime} is not regular.

Following Grammar generates language of Regular Expression :e0B|1B|-> Be0A/—>A1B A—0*1 (0+1)* S Give

leftmost and rightmost derivation of strings 00101.

7. Prove that following are not Regular Languages : (i) {on | n is perfect square}.

8. The set of strings of form 0i 1j such that the greatest common divisor of i and j is 1.

9. Design a Transducer (Mealy or Moore) Machine to compute multiplication of two n-bit binary numbers.

10. Write the statement of Pumping Lemma and using it prove that the language {a"b"c" | n>=1} is not regular.
(UPTU 2013-14)

11. Findthe regularexpression corresponding tothe finite automatagiven bellow:(UPTU 2018-19)
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