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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 predicate logic
• understand preconditions and postconditions 

of predicates
• determine the difference between existential 

and universal quantifiers 
• use counterexamples to determine validity of 

statements
• translate English sentence to logical expression
• have knowledge on applications of predicate 

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 Predicate Logic?
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Rosen, K. H. (2012). Discrete mathematics and its applications 
(7th Edition). McGraw-Hill.

E.g., “x>1”, “x+y=10”, ”x+y=z”



What is Predicate Logic?

6

•  E.g.:
“x = y + 3”    à Q (x, y)
“x + y = z”   à A(x, y, z )



Subjects and Predicates
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Examples of Predicates
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– Answer:    P(x = 4) is TRUE      and       P(x = 2) is FALSE

– Answer:    A(CS1) is FALSE     and    A(CS2), A(MATH1) are  TRUE



Examples of Predicates
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•  Predicates in Computer programs:
e.g. if x > 0 then x := x + 1
Here, P(x) is “x > 0”. Upon taking a value for x , the truth value of  it is
obtained and the decision of whether to execute x := x + 1 is made.



Precondition and Postcondition

10

e.g. Consider the program statements, 
temp := x      x  := y     y  := temp          

Here, the predicate for precondition is, 
P(x, y) is   “x = a and y = b” and    

for postcondition
Q(x, y) is  “x = b and y = a”,    for some values a, b 



Quantification
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Universal Quantification
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Worked Examples
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– Answer : TRUE



Existential Quantification
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Existential Quantification: Examples
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– Answer : TRUE

– Answer :  FALSE

•  Note: When the domain is empty, 



Exercise
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Quantifiers: Restricted Domains

18



Quantifiers: Restricted Domains
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Quantifiers: Precedence, Scope of Variables
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Quantifiers: Precedence, Scope of Variables
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Quantifiers: Logical Equivalence
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Quantifiers: Logical Equivalence
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Exercise
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Exercise
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Negation of Quantifier Expressions
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∀ x P(x)  then    
￢∀x P(x) = “It is not the case that every student in your class has taken a 

course in calculus” 
≡ “There is a student in your class who has not taken a course in  

calculus”     =   ∃x ￢P(x)

2)  Workout the same way as above for 
“There is a student in this class who has taken a course in calculus.”

1)  “Every student in your class has taken a course in calculus” =

De Morgan’s Laws for Quantifiers



Translation of English Sentence to Logical 
Expressions
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Answer: ∀ x (S(x) → C(x))   

Answer : ∀	x (S(x) → (C(x) ∨M (x)))



Translation of English Sentence to Logical 
Expressions
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Answer: ∀m (S(m, 1) → C(m))



Applications of Predicate Logic
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Applications of Predicate Logic
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• Basis for query languages such as SQL in
database systems

• Used in knowledge representation and
reasoning in AI systems

• Formalizing mathematical theories and
proofs

• Applied in natural language understanding
and semantics in NLP systems
• to represent the meaning of sentences and

extract semantic relationships between entities



Applications of Predicate Logic
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• Used in formal methods for verifying the
correctness of software and hardware
systems

• Used in digital circuit design and verification
• Used in software engineering for formal

specification and verification of software
systems

• Used for representing knowledge and
semantic relationships on the web



Summary

• Subjects and Predicates
• Preconditions and 

Postconditions
• Quantifications
• Existential quantifiers ∃
• Universal quantifiers ∀

• Translation of English sentences 
to logical expressions
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See you next 
time!
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