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The topics to be treated in this lecture are:



Lecture Learning Outcomes

At the end of the session, you will be able to 
• explain propositional logic
• determine the truth values of propositions
• understand the forms of logical operators
• construct truth tables based the logical 

operators
• perform bitwise operations 
• have knowledge on applications of 

propositional logic
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Introduction
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Rosen, K. H. (2012). Discrete mathematics and its applications 
(7th Edition). McGraw-Hill.



What is a Proposition?
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Rosen, K. H. (2012). Discrete mathematics and its applications 
(7th Edition). McGraw-Hill.



Preliminaries on Propositional Logic
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Compound Propositions
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Negation
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Conjunction



Disjunction

• Example:



Exclusive OR



Implication

Conditional Statement (or Implication):
• The conditional statement p→q is the proposition “ if p,

then q”,  read as “p implies q”.
• For p→q, the truth value is FALSE when p is TRUE and q is 

FALSE,  otherwise it isTRUE



Implication



Implication

• Exercise (What did you observe?):
1) “If Amahas a smartphone, then 2 + 3 =5”
2) “If Amahas a smartphone, then 2 + 3 = 6”



Implication Variants



Implication variants: Equivalence

• Example: “The home team wins whenever it israining”  
(hint: Identify the Hypothesis andconclusion)

Contrapositive : “If the home team does not win, then it is not raining”
Converse  
Inverse

: “If the home team wins, then it is raining”
: “If it is not raining, then the home team does notwin.”



Bi-implication

• Example:

p = “ You can take the flight”
q = “ You buy aticket”

p ↔ q = “You can take the flight if and only if you buy a ticket”



Exercise



Precedence of Logical Operators



Bit operations



Exercise on Bit Operations

• Computer bit operations corresponding to the following logical operators:
￢ (NOT)
∧ (AND)
∨ (OR)
⊕ (XOR)



Bit strings and Operations

• Example: For the strings 01 1011 0110 and 11 00011101
bitwise ORgives 11 1011 1111
bitwise AND gives 01 0001 0100
bitwise XOR  gives  10 10101011



Applications

Translating Englishsentences:
• Helps in removing ambiguity, analysing and determiningthe  

truth values and manipulating them using rules of inference

• Examples:
1) English sentence: “You can access the Internet from campus only if  

you are a computer science major or you are not a freshman”.
Logical expression: (c ∨￢f ) →a

2) English sentence: “You cannot ride the roller coaster ifyou are  
under 4 feet tall and not older than 16 years old.”

a
c ￢f

￢q
r ￢s

Logical expression: (r ∧￢s)→￢q



Applications

SystemSpecification:

1) Specification : “The automated reply cannot be sent when the file

• System and software engineers create clear, concise specifications
that can serve as the foundation for system development by taking
requirementsexpressed in common language.

• Example:
￢p

q
system is full”

Logical expression: q →￢p



Applications



Applications



Exercise

Determine the output of the following digital circuit when
p =1, q = 0 and r =1

p  
q

r



Exercise

Answer:



Propositional Equivalence



Propositional Equivalence



Propositional Equivalence

• Note: ￢(p ∨q) ≡ ￢p ∧￢q is one of the two De Morgan’sLaws



Propositional Equivalence



Propositional Equivalence



Propositional Equivalence

De Morgan’s laws can be extended to  any number of
propositions
For example,
￢(p1 ∨p2 ∨· · · ∨pn) ≡ (￢p1 ∧￢p2 ∧· · · ∧￢pn)



Propositional Equivalence
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Summary
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See you next 
time!
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