Logical Form and Logical Equivalence 

  Logic is the basis of mathematical proof, which establishes what we accept as correct

    in mathematics.

  Logic is important in Computer Science.


Proving programs correct


Creating programs to derive and prove theorems


Artificial Intelligence and Expert System

Statements:  Building blocks of logic.


A statement is a sentence which is either true or false but not both.

[We use letters like p,q and r to represent statements. ]

p is true or p is false  is called    the law of the excluded middle 
It is not true that p is both true and false  is called    the law of contradiction
A statement satisfies both these laws.

Examples:   Which of the following are statements?



6 is an even number.



6 is an odd number.



Go to the dining room.



The number x is even.



This statement is false.

We use T and F to represent the truth values, true and false.

We use symbols to build new statements called, compound statements, from old ones like we use + , - , * to create new numbers from old ones. [ e.g.  3+4 ]

symbols:              
 (    AND




 (     OR





 ~     NOT

             Examples:     p(q




   (p(q)((~r)

Translating and simplifying logical statements

example:  Suppose c is a constant.


c(3   means the same as   (c<3)((c=3)


Defining Connective s with Truth Tables
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More complicated expressions:     Example   (p(q)((~r)
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Logical Equivalence

p     p(p
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So  (p(p)(q ( p(q

To show two expressions are logically equivalent you could show they have the same truth values for all inputs.  

To show two expressions are not logically equivalent you could find values of the component statements that give the expressions different values.

Example   ~(p(~q)  is not logically equivalent to p((~q) 
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When  p is T and q is F  then the two expressions have different truth values.

You do not have to complete the truth table to reach this conclusion.

Negating AND and OR:   De Morgan’s Laws

1.   ~(p(q) ( ~p(~q            2.   ~(p(q) ( ~p(~q 

Proof of  1.
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Sometimes real life meaning can be confusing.  

I ate lunch or I ate dinner.  Does this mean you did not eat both?

What is its negation?

What if it were      I did not eat lunch or dinner.

          or                 I did not eat lunch and dinner.

Tautology and Contradiction.

A tautology is a statement that is always true regardless of the truth value of its component statement.   t  is the symbol for a tautology.

A contradiction is a statement that is always false regardless of the truth value of its component statement.    c is the symbol for a contradiction.

Examples:   p(~p  is a tautology and  p(~p is a contradiction since:
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See page 14 for useful logical equivalent statements. These can be proved with truth tables. The can be used to derive others.

Example:  Prove  (~p(q)(q ( q.

Proof:


(~p(q)(q  (  q((~p(q)     commutative law   rule #1

       ( q((q(~p)
  commutative law
 rule #1



       (  q                    absorption law  rule #10 

Negative





Conjunction





Disjunction





Same truth values – called logically equivalent--written p(p(p


   can replace each other in logical statements and argurments








