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Unit-1. Mathematical Preliminaries

1.1 Symbol, Alphabet, String, Formal Language, Operation on languages
1.2 Sets, Relations
1.2.1 Sets and Subsets
1.2.2 Relations
1.2.3 Closure of Relations
1.3 Graphs & Trees
1.3.1 Graphs
1.3.2 Trees
1.4 Principal of Induction

1.4.1 Method of Proof by Induction



Symbol

Lower case letters or digits or special characters are referred as symbols.
Example:

a, b, 0, * l.c,.... are symbols



Alphabet

An alphabet is a finite, non-empty set of
symbols

= We use the symbol > (sigma) to denote an
alphabet

= Examples:

« Binary: > ={0,1}
« All lower case letters: > ={a,b,c,..z}
« Alphanumeric: ) ={a-z, A-Z, 0-9}



Powers of an Alphabet

Let > be an alphabet.

= » X =the set of all strings of length k
= Y =30U3TUR?U ..

= Yy =3TUS2UR3U ..



String

A string or word is a finite sequence of symbols
chosen from

= Empty string is ¢ (or “epsilon”)

= Length of a string w, denoted by “|w|’, is
equal to the number of (non- €) characters in the

string
= E.g., x=010100 x| = 6
m x=01c0e1e00¢ |x| =7

= Xy = concatentation of two strings x and y



Language

L is a said to be a language over alphabet >, only ifL — > *

=» this is because Y * is the set of all strings (of all possible
length including 0) over the given alphabet >

Examples:

1. Let L be the language of all strings consisting of n O's
followed by n 1's:
L ={¢, 01, 0011, 000111,...}

> LetL be the language of all strings of with equal number of
0’'s and 1's:
L ={e, 01, 10, 0011, 1100, 0101, 1010, 1001,...}

Canonical ordering of strings in the language

Definition: @ denotes the Empty Ianguage]
m Letl ={c}; Is L=@7




Language Examples:

1. The language of all strings consisting of n 0’s followed by n 1's, for some

n > 0: {e,01,0011,000111, ...}

2. The set of strings of 0's and 1's with an equal number of each:

{e,01,10,0011,0101, 1001, ...}

3. The set of binary numbers whose value is a prime:

{10,11,101,111,1011, ...}
4. ¥* is a language for any alphabet X.
5. @, the empty language, is a language over any alphabet.

6. {e}, the language consisting of only the empty string, is also a language
over any alphabet. Notice that ) # {e}; the former has no strings and
the latter has one string.



Operation on languages:

Concatenation of Strings

Let z and y be strings. Then zy denotes the concatenation of x and y, that
is, the string formed by making a copy of = and following it by a copy of .
More precisely, if = is the string composed of i symbols x = ajay - a; and y is
the string composed of j symbols y = byba ---b;, then zy is the string of length
?'-—I—j: Ty = ﬂlﬂg---a.;blbg---bj.

Example 1.25: Let z = 01101 and y = 110. Then zy = 01101110 and
yr = 11001101. For any string w, the equations ew = we = w hold. That is,
€ is the identity for concatenation, since when concatenated with any string it
yields the other string as a result (analogously to the way 0, the identity for
addition, can be added to any number = and yields x as a result). 0O
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An alphabet is a finite, nonempty set of symbols. Conventionally, we use the
symbol ¥ for an alphabet. Common alphabets include:

1. ¥ ={0,1}, the binary alphabet.
2. ¥ ={a,b,..., 2z}, the set of all lower-case letters.

3. The set of all ASCII characters, or the set of all printable ASCII charac-
ters.



A string (or sometimes word) is a finite sequence of symbols chosen from some
alphabet. For example, 01101 is a string from the binary alphabet ¥ = {0,1}.
The string 111 is another string chosen from this alphabet.

The Empty String

The empty string is the string with zero occurrences of symbols. This string,
denoted €, is a string that may be chosen from any alphabet whatsoever.

Length of a String

The standard notation for the length of a string w is |w|. For example,
|011| =3 and |e| = 0.



