
CS 242                           Lecture 2 

• Topics: 

          Sections 1.1 and 1.2 

 

• In-class assignment # 1 

       Exercises from Section 1.2 

 

• Quiz # 1 
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Logic 
• Crucial for mathematical reasoning 

• Used for designing electronic circuitry 

• Logic is a system based on propositions. 

• A proposition is a statement that is either 
true or false (not both). 

• We say that the truth value of a proposition 
is either true (T) or false (F). 

• Corresponds to 1 and 0 in digital circuits 



Examples of propositions 
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Propositional logic 
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• The area of logic that deals with propositions 
is called the propositional calculus or 
propositional logic.  

 

• It was first developed systematically by the 
Greek philosopher Aristotle more than 2300 
years ago. 
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Combining Propositions 

• one or more propositions can be combined to form a 
single compound proposition. 

 

• George Boole in 1854 in his book The Laws of Thought 
introduced various operations and studied their 
properties. 

 

• We denote the basic (atomic) propositions by letters 
such as p, q, r, s, and introduce several logical operators.   
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Logical Operators (Connectives) 

We will examine the following logical operators: 

• Negation           (NOT) 

• Conjunction  (AND) 

• Disjunction  (OR) 

• Exclusive or  (XOR) 

• Implication        (if – then) 

• Biconditional   (if and only if) 

A main goal of propositional logic is to 
determine the truth of compound propositions. 
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Negation (NOT) 

Unary Operator, Symbol:   

P P 

true false 

false true 



Negation Example 
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Conjunction (AND) 

Binary Operator, Symbol:   

P Q PQ 

true true true 

true false false 

false true false 

false false false 



Conjunction - Example 
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Disjunction (OR) 

Binary Operator, Symbol:   

P Q PQ 

true true true 

true false true 

false true true 

false false false 
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Exclusive Or (XOR) 

Binary Operator, Symbol:   

P Q PQ 

true true false 

true false true 

false true true 

false false false 
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Implication (if - then) 

Binary Operator, Symbol:   

 

 

 

 

 

 
( is the most confusing logical operation. 

Make sure you understand this truth table.) 

P Q PQ 

true true true 

true false false 

false true true 

false false true 



Many ways to express a conditional 
statement p  q 
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Converse, contrapositive 
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• Converse of p  q:               

             q  p 

 

• Contrapositive of p  q:   

        (q)  (p) 
 

    



Example of converse and contrapositive 
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Biconditional (if and only if) 

Binary Operator, Symbol:   

P Q PQ 

true true true 

true false false 

false true false 

false false true 



Making larger compound statements 
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Just as we can use operators like + and x many times and 
create compound arithmetic expressions (such as 5 + 4 x (3 
+ 2) etc.) we can create compound statements in 
propositional logic using the operators V,  ,  etc. 

 

Examples:  

• (P)(Q) 

• ((P(Q))  R)  (Q) 

 

Note that order of evaluations need to be specified in 
order to interpret expressions.  

Is 3 + 4 x 5 = (3 + 4) x 5 or = 3 + (4 x 5)?  

 

 

 



Order of evaluation (precedence rules) 
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Thus, the expression ~p V q 

Denotes (~p) V q, not ~(p V q). 

 

Similarly, p V q  r denotes 

P V (q  r), not (p V q)  r 

 

Exercise: Show the fully 
parenthesized form of 

  p  q V ~r  



Binary vs. boolean 
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In many computer science applications, T (true) is denote 
by 1 and F (false) by 0. 

 

0 and 1 are the basic ‘digits’ in binary system. 

 

We can extend Boolean operations such as ~, V etc. to 
binary strings. 

 

Example:  01001 V 00100 = 01101 etc. 



More examples of bitwise Boolean operations 
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Statements and Operators 

Evaluation of a compound expression 

P Q P Q (P)(Q) 

true true false false false 

true false false true true 

false true true false true 

false false true true true 
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Statements and Operations 
Statements and operators can be combined in any 

way to form new statements. 

P Q PQ  (PQ) (P)(Q) 

true true true false false 

true false false true true 

false true false true true 

false false false true true 
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Equivalent Statements 

P Q (PQ) (P)(Q) (PQ)(P)(Q) 

true true false false true 

true false true true true 

false true true true true 

false false true true true 

The statements (PQ) and (P)(Q) are logically 

equivalent, because (PQ)(P)(Q) is always true. 
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Tautologies and Contradictions 

A tautology is a statement that is always true. 
 

Examples:  

• R(R) 

• (PQ)(P)(Q) 

 

If ST is a tautology, we write ST. 

If ST is a tautology, we write ST. 
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Tautologies and Contradictions 

A contradiction is a statement that is always 

false. 
 

Examples:  

• R(R) 

• ((PQ)(P)(Q)) 
 

The negation of any tautology is a contra- 

diction, and the negation of any contradiction is  

a tautology. 
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Exercises 
We already showed that the following is a 
tautology:       
 

         (PQ)  (P)(Q) 
  
Similarly we can show: 
 

                              (PQ)  (P)(Q) 
 



Exercises 
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Exercises 
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a) p  q  

b) p  ~q 

c) ~p  ~q 

d) p V q 

e) p  q 

f) (p v q)  (p  ~q) 

g) p <-> q 

 

 

 



Exercises 
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Exercises 
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a) If you have the flu, you miss the final examination. 

b) You pass the course if and only if you don’t miss the 
final examination. 

f) You have the flu and miss the final examination, or you 
don’t miss the final examination and pass the course. 



Exercises  
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Solutions will be 
worked out in class 
by the instructor. 



Exercises 
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Exercises 
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Answers: 

 

a) 4     b)  8    c)  64     d)  32 



Exercises 

1/14/2014 35 

This one is slightly tricky – as indicated by a *. Solution 
for (a) is in the next slide.  

 

 



Exercises 
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a) clearly, exactly one of the hundred statements is true. 
(Why? Suppose two of them are true. One of them says 
“exactly j statements are false” and the other says 
“exactly k statements are false” and k != j. This is 
impossible.)   
So which one is the correct one? You can check that the 
99th one is because it says “exactly 99 statements are 
false” which is correct because all other 99 are false. 

 

 



In-class assignment 
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Please work on the following problems: 

 

Problems 4, 26, 27, 38, 43, 49 b  

 

After you complete it, make sure to write your 
name and submit it to the instructor. 


