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[bookmark: _Toc443655016]Biconditional Statement 

Biconditional statements do not use the key words 'if' and 'then.' Biconditional statements are true statements that combine the hypothesis and the conclusion with the key words 'if and only if.’

[bookmark: _Toc443655017]How to Write a Biconditional Statement?

If we have a conditional statement, then if we want to write a bi-conditional statement, then we have to combine the given conditional statement and its converse.
The word "if" or "if and only if" states for bi-conditional statement, "A if and only if B". We use Bi which is used to combine two conditions in the formation of compound condition. 
A Bi-conditional statement is a logical statement combining two statements which says that something is necessary and sufficient for something else which contains the term “if and only if”.

[bookmark: _Toc443655018]Rules for Bi-Conditional Statements
[bookmark: _GoBack]
If two simple sentence are true (both are true) and false (both are false) then, bi-conditional statement of this sentence will be true otherwise it will be false. 

For example

If two given points lie in a plane, then the line joining both of them will lie in the same plane. Converse part of the given statement is that if a line containing two points lie in any plane, then that point’s lie in the same plane.

For bi-conditional statement, we have to combine these two statements as two given points lie in a plane if the line joining them or containing them lies in that same plane.

[bookmark: _Toc443655019]Conditional and Biconditional Statements

If a given conditional statement and converse of original statement is true, then we can write them in terms of one statement, which is called as bi-conditional statement. A bi-conditional statement can be either false or true. If a bi-conditional statement is true, then both forward and backward statements are true. And if, any one of the conditional statement or its converse is false, then the bi-conditional statement is false.

[bookmark: _Toc443655020]Simple statements VS Bi-conditional statement

The conditional statements are simple statements and does not contain if or then form. Bi-conditional statement is the combination of conditional statement and its converse part using the term "if and only if". So, we can rewrite a Bi-conditional statement in terms of conditional statement and its converse.
	 
	A biconditional statement is defined to be true whenever both parts have the same truth value. The biconditional operator is denoted by a double-headed arrow[image: http://www.mathgoodies.com/lessons/vol9/images/biconditional.gif]. The biconditional p[image: http://www.mathgoodies.com/lessons/vol9/images/biconditional.gif]q represents "p if and only if q," where p is a hypothesis and q is a conclusion. The following is a truth table for biconditional p[image: http://www.mathgoodies.com/lessons/vol9/images/biconditional.gif]q.

	[image: http://www.mathgoodies.com/lessons/vol9/images/tab.gif]

	 
		p
	q
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	In the truth table above, p[image: http://www.mathgoodies.com/lessons/vol9/images/biconditional.gif]q is true when p and q have the same truth values, (i.e., when either both are true or both are false.) Now that the biconditional has been defined, we can look at a modified version of Example 1.



	[bookmark: _Toc443655021]Example 1:

		Given:
	P: A polygon is a triangle.

	
	q: A polygon has exactly 3 sides.

	Problem:
	What does the statement p[image: http://www.mathgoodies.com/lessons/vol9/images/biconditional.gif]q represent?

	Solution:
	The statement p[image: http://www.mathgoodies.com/lessons/vol9/images/biconditional.gif]q represents the sentence, "A polygon is a triangle if and only if it has exactly 3 sides."



	[image: http://www.mathgoodies.com/lessons/vol9/images/tab.gif]



	Note that in the biconditional above, the hypothesis is: "A polygon is a triangle" and the conclusion is: "It has exactly 3 sides." It is helpful to think of the biconditional as a conditional statement that is true in both directions.



[bookmark: _Toc443655022]Biconditional introduction

Biconditional introduction allows you to infer that, if B follows from A, and A follows from B, then A if and only if B.
For example
From the statements "if I'm breathing, then I'm alive" and "if I'm alive, then I'm breathing", it can be inferred that "I'm breathing if and only if I'm alive" or, equally inferable, "I'm alive if and only if I'm breathing."
 B → A   
 A → B   
 ∴ A ↔ B
 B → A   
 A → B   
 ∴ B ↔ A
[bookmark: _Toc443655023]Truth table
The truth table for [image: ~A \leftrightarrow B] (also written as A ≡ B, A = B, or A EQ B) is as follows:
	INPUT
	OUTPUT

	A
	B
	A [image: ~ \leftrightarrow ~] B

	0
	0
	1

	0
	1
	0

	1
	0
	0

	1
	1
	1


More than two statements combined by [image: ~\leftrightarrow~] are ambiguous:
[image: ~x_1 \leftrightarrow x_2 \leftrightarrow x_3 \leftrightarrow ... \leftrightarrow x_n] May be meant as[image: ~(((x_1 \leftrightarrow x_2) \leftrightarrow x_3) \leftrightarrow ...) \leftrightarrow x_n],
Or may be used to say that all [image: ~x_i~] are together true or together false: [image: (~x_1 \and ... \and x_n~)~\or~(\neg x_1 \and ... \and \neg x_n)]
Only for zero or two arguments this is the same.

[bookmark: _Toc443655024]Truth Table for Biconditional Statements
There are four possible cases to consider.
Statements p and q are true. The biconditional of two true statements is a true statement.
[bookmark: _Toc443655025]Reminder
The conditional of statements p and q is expressed as p [image: http://sites.csn.edu/istewart/mathweb/Math120/Logic/images/img9.gif] q.  We read this as p if and only if q. 
	p
	q
	p[image: http://sites.csn.edu/istewart/mathweb/Math120/Logic/images/img5.gif]q

	T
	T
	T


Statement p is true and statement q is false. The biconditional is a false statement.
	p
	q
	p[image: http://sites.csn.edu/istewart/mathweb/Math120/Logic/images/img5.gif]q

	T
	F
	F


Statement p is false and statement q is true. The biconditional is a false statement.
	p
	q
	p[image: http://sites.csn.edu/istewart/mathweb/Math120/Logic/images/img5.gif]q

	F
	T
	F


Statements p and q are false. The biconditional of two false statements is a true statement.
	p
	q
	p[image: http://sites.csn.edu/istewart/mathweb/Math120/Logic/images/img5.gif]q

	F
	F
	T


Combing the four tables above results in a truth table for a biconditional.
	p
	q
	p[image: http://sites.csn.edu/istewart/mathweb/Math120/Logic/images/img5.gif]q

	T
	T
	T

	T
	F
	F

	F
	T
	F

	F
	F
	T



Please note that a biconditional is true only when the two simple statements have the same truth value.

[bookmark: _Toc443655026]Symbolic Statements with Parentheses

When you see parentheses (  ) in symbolic statements you are in effect told what to do first, second, third, and so on.
For example
[image: http://sites.csn.edu/istewart/mathweb/Math120/Logic/images/imgC.gif] Means that you must find the truth value of statement p [image: http://sites.csn.edu/istewart/mathweb/Math120/Logic/images/img9.gif] q first and then find the negation of this biconditional.  On the other hand, [image: http://sites.csn.edu/istewart/mathweb/Math120/Logic/images/imgF.gif]means that only statement p is negated.


[bookmark: _Toc443655027]Biconditional elimination

Biconditional elimination allows one to infer a conditional from a biconditional: if (A ↔ B) is true, then one may infer one direction of the biconditional, (A → B) and (B → A).
For example
if it's true that I'm breathing if and only if I'm alive, then it's true that if I'm breathing, I'm alive; likewise, it's true that if I'm alive, I'm breathing.

[bookmark: _Toc443655028]Formally:

 (A ↔ B)  
 ∴ (A → B)
Also
 (A ↔ B)  
 ∴ (B → A)

Page 6 of 7

image3.png




image4.png




image5.png
L1 7 To 7 T3 7 ... 7 Ip




image6.png




image7.png




image8.png




image9.gif




image10.gif




image11.gif




image12.gif
~pq




image1.gif




image2.gif




