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Regular Expressions

3

• Regular expressions are an important notation for defining patterns. Each pattern

connects a set of strings. Therefore, regular expressions will give as names for sets

of strings.

• It supports an appropriate and useful notation for describing tokens. Regular

Expressions define the language accepted by finite Automata (Transition

Diagram).

• Regular Expressions are defined over an alphabet ∑. If R is a Regular Expression,

therefore L(R) represents language denoted by the regular expression.
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Regular Expressions

4

• Language − It is a collection of strings over some fixed alphabet. The empty string can

be indicated by ε.

• Example − If L (Language) = set of strings of 0’s & 1’s of length two

then L = {00, 01, 10, 11}

• Example − If L = {1}

then L*=L0∪L1∪L2∪…..

Here * can be 0, 1, 2, 3………..

∴ L*={ε}∪{1}∪{11}∪…..

∴ L*={ε,1,11,111,…..}
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Regular Expressions

5

A Regular Expression (RE) can be recursively defined as follows −

• ε is a Regular Expression indicates the language containing an empty string. (L (ε) = {ε})

• φ is a Regular Expression denoting an empty language. (L (φ) = { })

• x is a Regular Expression where L = {x}

• If X is a Regular Expression denoting the language L(X) and Y is a Regular Expression

denoting the language L(Y), then

• X + Y is a Regular Expression corresponding to the language L(X) ∪ L(Y) where L(X+Y) = L(X)

∪ L(Y).

• X . Y is a Regular Expression corresponding to the language L(X) . L(Y) where L(X.Y) = L(X) .

L(Y)

• R* is a Regular Expression corresponding to the language L(R*)where L(R*) = (L(R))*

• If we apply any of the rules several times from 1 to 5, they are Regular Expressions.
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Some RE Examples

6

Regular Expressions

and their Regular Sets:
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Regular Languages

7

• A regular language is a language that can be expressed with a regular expression or a

deterministic or non-deterministic finite automata or state machine.

• A language is a set of strings which are made up of characters from a specified alphabet, or set

of symbols.

• Regular languages are a subset of the set of all strings. Regular languages are used in parsing

and designing programming languages and are one of the first concepts taught in computability

courses.

• These are useful for helping computer scientists to recognize patterns in data and group certain

computational problems together — once they do that, they can take similar approaches to

solve the problems grouped together.

• Regular languages are a key topic in computability theory.
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Operation on Regular Languages

8

• The various operations on the regular language are as follows:

If L1={00,10} & L2={01,11}
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Operation on Regular Languages

9

• The various operations on the regular language are as follows:

If L1={00,10} & L2={01,11}
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Extensions of Regular Expressions

10

• Kleene suggests regular expression in the 1950s with the primary operation for a union,

concatenation, and Kleene closure.

• There is some notational extension specified that are directly in use −
• One or more instance: Unary postfix operator + displays positive closure of a regular expression

and its language. It defined that if a is the regular expression, then (a) + indicates the language (L(a)

+. There are two algebraic laws r∗r∗ = r+|e and r+ =rr∗r∗ = r∗r∗r relate the positive closure and

Kleene closure.

• Zero or one instance: Unary postfix operator? define zero or one appearance. It define that r? is

similar to r|e or L(r?) = L(r) U {e}. This operator has the equal precedence and associativity as *

and +./
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Regular Sets and Properties of Regular Sets

11

• A set containing all the strings generated by a Regular Expression is known as a Regular Set.

• Properties of Regular Sets:
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Regular Sets and Properties of Regular Sets

12

• Properties of Regular Sets:
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Regular Sets and Properties of Regular Sets

13

• Properties of Regular Sets:
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Regular Sets and Properties of Regular Sets

14

• Properties of Regular Sets:



1515

Regular Sets and Properties of Regular Sets

15

• Properties of Regular Sets:
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Regular Sets and Properties of Regular Sets

16

• Properties of Regular Sets:
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Regular Sets and Properties of Regular Sets

17

• Properties of Regular Sets:
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Identities Related to Regular Expressions

18

• Given R, P, L, Q as regular expressions, the following identities hold −
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Examples: Regular Expressions

19

• Example 1: Write the regular expression for the language accepting all the string which are
starting with 1 and ending with 0, over ∑ = {0, 1}.

Solution:

In a regular expression, the first symbol should be 1, and the last symbol should be 0. The r.e. is as follows:

R = 1(0+1)*0

• Example 2: Write the regular expression for the language starting and ending with a and having
any combination of b's in between.

Solution:

The regular expression will be:

R = ab*a
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Examples: Regular Expressions

20

• Example 3: Write the regular expression for the language starting with a but not having
consecutive b's.

Solution: The regular expression has to be built for the language:

L = {a, aba, aab, aba, aaa, abab, .....}

The regular expression for the above language is:

R = {a + ab}*

• Example 4: Write the regular expression for the language accepting all the string in which any
number of a's is followed by any number of b's is followed by any number of c's.

Solution: As we know, any number of a's means a* any number of b's means b*, any number of c's means
c*. Since as given in problem statement, b's appear after a's and c's appear after b's. So the regular
expression could be:

R = a* b* c*
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Examples: Regular Expressions

21

• Example 5: Write the regular expression for the language over ∑ = {0} having even length of the
string.

Solution:

The regular expression has to be built for the language:

L = {ε, 00, 0000, 000000, ......}

The regular expression for the above language is:

R = (00)*

• Example 6: Write the regular expression for the language having a string which should have at
least one 0 and at least one 1.

Solution:

The regular expression will be:

R = [(0 + 1)* 0 (0 + 1)* 1 (0 + 1)*] + [(0 + 1)* 1 (0 + 1)* 0 (0 + 1)*]
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Examples: Regular Expressions

22

• Example 7: Describe the language denoted by following regular expression

R = (b* (aaa)* b*)*

Solution:

The language can be predicted from the regular expression by finding the meaning of it. We will first split the regular
expression as:

R = (any combination of b's) (aaa)* (any combination of b's)

L = {The language consists of the string in which a's appear triples, there is no restriction on the number of b’s}

• Example 8: Write the regular expression for the language L over ∑ = {0, 1} such that all the string do not
contain the substring 01.

Solution:

The Language is as follows:

L = {ε, 0, 1, 00, 11, 10, 100, .....}

The regular expression for the above language is as follows:

R = (1* 0*)
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Examples: Regular Expressions

23

• Example 9: Write the regular expression for the language containing the string over {0, 1} in
which there are at least two occurrences of 1's between any two occurrences of 0's.

Solution:

At least two 1's between two occurrences of 0's can be denoted by the following regular expression:

R = (0111*0)*.

• Example 10: Write the regular expression for the language containing the string in which every 0
is immediately followed by 11.

Solution:

The regular expectation will be:

R = (011 + 1)*
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?THE END
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