
 

 

Mathematical Preliminaries 

Alphabet: Alphabets is defined as a finite set of symbols. It is generally denoted by ∑. 

For example,  ∑ = {0, 1} 

  ∑ = {a, b} 

String: A string or word is a finite sequence of symbols selected from some alphabet. It is generally denoted by 
w. 

For example, if ∑ = {a, b} is an alphabet then w = abab is a string over alphabet ∑. 

The “Length” of the string is denoted by |w|. It means the number of positions for the symbols in the string w. 

For instance the string w = abab has length 4. i.e., |w| = 4. 

“Empty string” is the string with zero occurrence of symbols. It is generally denoted by ε. 

i.e., For any alphabet ε is the only string whose length is 0. 

The set of all strings including empty string ε over an alphabet ∑ is denoted by ∑*. 

For example, if ∑ = {0, 1} then ∑* is a set containing empty and all combinations of o’s and 1’s. 

So, ∑* = {ε, 0, 1, 00, 01, 10, 11, 000, 001, 010, 011, 100, 101, 110, 111, …} 

The set of non-empty strings from alphabet ∑ is denoted by ∑+. 

If ∑ = {0, 1} then 

∑
+ = {0, 1, 00, 01, 10, 11, 000, 001, 010, 011, 100, 101, 110, 111, …} 

i.e., ∑+ = ∑* - {ε} 

If ∑ = {0, 1} then ∑n indicates the set of all strings over alphabet ∑ of length n. 

∑
1 = {0, 1}, ∑2 = {00, 01, 10, 11}, ∑3 = {000, 001, 010, 011, 100, 101, 110, 111} 

Operations on Strings 

Concatenation of Strings: If w1 andw2 are two strings then w1 w2 denotes the concatenation of w1 and w2. i.e., 
the string formed by making a copy of w1 followed by a copy of w2. 

If w1 = abc and w2 = xyz then w1 w2 = abc xyz, w1
3 = (abc)3 = abc abc abc 

Reverse of a String: 

Reverse of a string can be achieved by flipping over last symbols. 

If w = abc then wR = cba, where wR is the reverse of w. |w| = | wR |. 

Prefix of a String: 

A prefix of a string is a substring of leading symbols of that string. 

w is a prefix of y if there exists y’ in ∑* such that y = wy’. If w = 123 then its prefixes are  ε, 1, 12, 123. 

Suffix of a String: 

A suffix of a string is a substring of trailing symbols of that string. 



 

 

w is a suffix of y if there exists y’ in ∑* such that y = yw’. If w = 123 then its prefixes are  ε, 3, 23, 123. 

Language: A set of strings all of which are chosen from ∑*, where ∑ is a particular alphabet is known as a 
language. i.e., L ⊆ ∑* 

For example, 

(i) The language of all strings consisting of n 0’s followed by n 1’s, for some n ≥ 0 : {ε, 01, 0011, 000111, …}. 

(ii) The set of strings over 0’s and 1’s with equal number of each: {ε, 01, 10, 0011, 1100, 0101, 1010, 1001, 
0110, …}. 

(iii) ∑* is a language for any alphabet ∑. 

(iv) ϕ, the empty language, is a language over any alphabet 

(v) {ε}, the language consisting of only the empty string, is a language over any alphabet. Note that ϕ ≠  {ε}. 

Operations on Languages: 

If L1 and L2 are two languages then 

(i) Union of two languages is denoted as L1 + L2 or L1 U L2 

    By union we get the words from both languages. 

(ii) Concatenation of two languages is denoted as L1L2.  

     By concatenation we can combine two words to form a new word, whose length is the sum of the lengths of  

     the original words. The result of concatenating a word with the empty word is the original word. 

(iii) Kleen’s Closure ∑* the language consisting of all words that are concatenations of 0 or more words in the 
original language (including null string ε). 

Example  

L1 = {good, bad} L2 = {boy, girl} 

L1 U L2 = {good, bad, boy, girl} 

L1L2 = {goodboy, goodgirl, badboy, badgirl}. 

Grammars: 

A grammar is basically defined as a set of 4-tuple (Vn, Vt, P, S) 

where Vn � Set of Non Terminals 

 Vt � Set of terminals 

 P � Set of productions (rules) which relate non terminals and terminals 

 S � Starting Non Terminal 

 

 

 


