CS201: DISCRETE COMPUTATIONAL STRUCTURES Semester 111
Module VI

Syllabus: Predicate Logic:- Predicates - Variables - Free and bound variables - Universal and Existential Quantifiers -
Universe of discourse . Logical equivalences and implications for quantified statements - Theory of inference : Validity
of arguments.

Proof techniques: Mathematical induction and its variants - Proof by Contradiction - Proof by Counter Example -
Proof by Contra positive.

Contents
[1.1 Predicate Logic| 1
LT Varfables . . . . . . o o 1
(LLILI Freeand bound variables . . . . . .. .. ... .. ... 2
[1.1.2 Universal and Existential Quantifiers| . . . . . . . . . . . . .. . . ... . . . . . . 2
[LI3 Universe of discoursel . . . . . . . . . . .. .. . 2
[1.1.4 Logical equivalences and implications for quantified statements|. . . . . . . .. ... ... ... ... 2

[T.2 Proof Techniques|

[1.2.2 Proof by Contradiction| . . . . . . . . . . . . . . e e

[1.2.3 Proof by Counter Example| . . . . . . ... .. ...

S~ W W W W

[1.2.4 Proof by Contra positive| . . . . . . . . . . . . . . e

1.1 Predicate Logic

Definition 1.1 Logic based upon the analysis of predicates in any statement is called predicate logic.

Definition 1.2 A predicate is any incomplete (English) phrase with specified gaps such that when the gaps are filled
with names of things the phrase becomes a proposition.

In any proposition that contains names we can obtain a predicate by deleting one or more of the names. Or we can
say that a predicate becomes a prop osition when specific values are assigned to the variables. The other way to turn a
predicate into a proposition is to add a quantifier like “all” or “some” that indicates the number of values for which the
predicate is true.

1.1.1 Variables

Definition 1.3 We call a letter used for generality a variable.

If we have a predicate ‘x is a dog’ and wish to treat x as a variable to express generality and not simply as a place-holder,
we can make a proposition by saying ‘There is a thing, x , such that x is a dog’.



1.1.1.1 Free and bound variables

Definition 1.4 A particular occurrence of x in A is bound in A if it immediately follows an occurrence of the symbol 8
or 9 or lies within the scope of an occurrence of 8 or 9. If an occurrence of x in A is not bound, it is free in A .

A free variable represents a genuine unknown, whose value must be specified before the given statement’s truth or
falsity can be determined. A bound variable is really a “dummy variable,” like the variable of integration in a definite
integral.

For example suppose you are asked whether the equation x + 5 = 3 is true. Here x is free, so you would want to know
the value of x. This is free means that if we want to know the truth or falsity we need to find the value of x.

Now suppose you are asked whether the statement 9X(X + 5 = 3) is true. This time X is bound, so it makes no sense
to ask the value of X. We know that this is true for X and it is evident by the existence of quantifier 9. In this case we
need to find the domain of X.

1.1.2 Universal and Existential Quantifiers
There are two types of quantifiers

1. Universal
2. Existential
The universal quantifier corresponds to the words “for all,” “for every,” “for any,” or “for each” and is represented by

the symbol 8. The existential quantifier corresponds to the words “there exists” or “for some” or “there is a”” (meaning
that there is at least one), and is represented by the symbol 9.

The grammatical rules for the use of quantifiers are simple: if P is any statement, and x is any mathematical variable,
then 8XP and 9XP are also statements.

1.1.3 Universe of discourse

Definition 1.5 The domain or universe or universe of discourse for a predicate variable is the set of values that may
be assigned to the variable.

1.1.4 Logical equivalences and implications for quantified statements

For a prescribed universe and any open statements p(X); q(X) in the variable x

9x[p(x)
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