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Introduction

The Conditional Operator in mathematical logic is a tool used to connect two
statements, establishing a conditional relationship between them. This operator is
also known as "implies" or "conditional proposition" and is usually written as:

p—q

Where:

- p represents the antecedent (the first statement).

- g represents the consequent (the second statement).

The conditional statement "if p is true, then q is also true" is valid in all cases except
when p is true and q is false. In that case, the conditional statement is false.

Truth Table for the Conditional Operator:

- If the antecedent is true and the consequent is true, the conditional P 1 A | P4
statement is true. T T T
- If the antecedent is true but the consequent is false, the T F F
conditional statement is false. FIT T
- If the antecedent is false, the conditional statement is true F F T

regardless of the consequent.

Examples: 1.5.

If p: "The number 4 is even" and q: "The number 2 is prime," then the conditional
statement p — q says "If the number 4 is even, then the number 2 is prime." In this case,
the statement is true because both the antecedent and the consequent are true.

Remark 1.2.

1) In the conditional statement "p — q", P is called the hypothesis and q is called the
conclusion. The interpretation of p — q is as follows:
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If p is true, then q is true.

q is true if p is true.

q is true only if p is true.

p is a sufficient condition for q.
g is a necessary condition for p.

° o op

2) Converse, Inverse, and Contrapositive

The converse of p — q is q — p. The inverse of p — q is ~P — ~q, and the
contrapositive is ~q — ~p.

Example: 1.5.

Find the truth value of the following statements:

1. If 2 is a prime number, then 2 is an odd number.
Truth value: False

2.If-1=1, then (—1)? = (1)
Truth value: True

Properties of Conditional Operator(if then , =)

Let p, g, and r be propositions. Then, the following properties hold:

Lp—>q9#Q@—Dp)
2.(p—qQ—r#p—(q—0)

Bi-Conditional Operator
The bi-conditional operator, represented as p <> q, is defined as the logical equivalence of
p and q. That is, p <> q is true if and only if both p and q are either true or false together.

Truth Table for the Bi-Conditional Operator:

poq

Example: 1.6.(a)

m(m| (]
|3
—3 || |3

Find the truth value of the following bi-conditional

statement:

1. (x> 0) < (2x > 0)
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If x > 0, then 2x > 0: True
If x <0, then 2x < 0: True
Therefore, the truth value is: True

Properties of Bi-Conditional Operator(if and only if , &)

Let p, g, and r be propositions. Then, the following properties hold:

L.(p>q)=(q<p)
2.(peoger=pe(qer)

Example: 1.6.(b)
Wright the truth table of these statements (p — q) A (~ p —~ q)

p q | ~p ~q/p—q ~p—o~q Po9YOA(~p—-o~q)
T| T | F | F T T T

T  F | F | T F T F

F| T | T F T F F

F| F| T | T T T T
Exercises

Exercise 1: Find the truth value of the following
[(If 24+ 3 =4 thenx+ 4 = 4 + x) and 8 is an even number] if and only if [2 <
—100r 2 = —10]

Exercise 2: Let p be a propositions. Then find the truth value of the following

p=T,pF, pe~p, pep
Exercise 3: Let P: 29 is a prime number, q: x —x =0 , r: —3 € N. Find the truth
value of the following statements:

a) (p © q)

b) (p @ rVvq

) ® © V(q o ~1)

Exercise 4: Evaluate the truth value of the following logical expressions:
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1) if (4 > 3)then (3 = 3))or (if (5 < 2)then(4 > 1))
2) ((10 = 10)and (12 <= 15))ifand only if ((5 >= 6)and (7 < 7))
3) (false iff (true and false)) and (if true then (false and true))

Exercise 5:. Construct the truth table for the following statements:
a. ~pAq
b. (pAQ) - (pVva)
c. p—=>qQV~(@<p
d) pv(~q) o~pAq
¢) [(P—=A(@—1)]—@A~T)
f) pP—aql—=(~q—prq)
References
1. Smith, P. (2003). *Introduction to Mathematical Logic*. Cambridge University
Press. ISBN: 9780521008044.
2. Rosen, K. H. (2012). *Discrete Mathematics and Its Applications* (7th ed.).
McGraw-Hill. ISBN: 9780073383095.
3. Shoenfield, J. R. (2000). *Mathematical Logic*. A K Peters. ISBN:
9781568811352.

4. Manin, Y. 1. (2010). *A Course in Mathematical Logic*. Springer. ISBN:
9781441930015.

Page 4

Lecture 2:



