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Introduction 

 Propositional calculus (or logic) is the study of 

the logical relationship between objects called 

propositions and forms the basis of all 

mathematical reasoning. 

 

 Definition: A proposition is a statement that is 

either true or false, but not both (we usually 

denote a proposition by letters; p, q, r, s, . . .).  
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Introduction 

 Definition: The value of a proposition is 

called its truth value; denoted by T or 1 if it is 

true and F or 0 if it is false. 

 

 Truth Table:  
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Examples 

 Example (Propositions) 

 -Today is Monday. 

 -The derivative of sin x is cos x. 

 -Every even number has at least two factors. 

 

 Example (Not Propositions) 

 -When is the pretest? 

 -Do your homework. 
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Basic Logical Operations 

 Connectives are used to create a compound 

proposition from two or more other propositions. 

 -Negation (denoted ¬ or !) 

 -And (denoted ) or Logical Conjunction 

 -Or (denoted ) or Logical Disjunction 

 -Exclusive Or (XOR, denoted ) 

 -Implication (denoted →) 

 -Biconditional; “if and only if” (denoted  ) 



6 Department of Software 

Basic Logical Operations (Cont.) 
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Boolean Operation Summary 
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Example (1) 

 Construct the Truth Table for the following 

compound proposition. 

((p  q)   q). 
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Example (2) 

 Construct the Truth Table for the following 

compound proposition. 

q  ( r → p). 
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Example (3) 
 Find if the following two compound 

propositions are equivalence? 

  p  (q  r)    (p  q)  r 
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Precedence of Logical Operators 
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Homework 

 Construct the truth table for the following 

logical expression? 
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Limitations of Truth Tables 
 It just requires some brute force calculation. 

 If we have 129 variables, truth table has 2129 

lines. That number is larger than the number of 

atoms in the known universe. 

 We don’t need any insight into why the 
proposition you’re working on is true (or false, 

or sometimes true). 

 However, a big advantage of the Boolean 

algebra, is that they give much better insight 

into why a theorem is true. 
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Tautologies & Contradictions 

 A tautology is a compound proposition which 

is true no matter what the truth values of its 

simple components. 

 A contradiction is a compound proposition 

which is false no matter what the truth values 

of its simple components. 
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Tautologies & Contradictions (Cont.) 

 Show that (p ∧ q) ∨ (p ∧ q) is a tautology. 
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Logical Equivalence 

 Two propositions are said to be logically 

equivalent if they have identical truth values 

for every set of truth values of their 

components. 
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Logical Equivalence (Cont.) 

 Example 
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Algebra of Propositions 
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Algebra of Propositions (Cont.) 
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Example (1) 

 Simplify the following logical expression 

(p  q)   ( p  q) 
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Prove Equivelance  
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Applications 
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Applications (Cont.) 
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Homework 

 Try to find the logical expression for the 

following Circuits. Is there any relation 
between the two? 



 The date for  

the next exam is 

January  3, 2012; 

Tuesday. 
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Be ready for the 

exam on the next 

lecture 
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Thank You for 

Listening. 


