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Predicate

https://en.wikipedia.org/wiki/Predicate_(mathematical_logic)
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First Order Logic 

https://en.wikipedia.org/wiki/First-order_logic
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Formulas

https://en.wikipedia.org/wiki/First-order_logic
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Quantifiers (1)

https://en.wikipedia.org/wiki/First-order_logic
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Quantifiers (2)

https://en.wikipedia.org/wiki/First-order_logic
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Valid, Satisfiable, and Unsatisfiable Formulas

https://en.wikipedia.org/wiki/Propositional_calculus

A formula is valid iff
Its truth value is T in all interpretations (tautology:  ⊤) 

A formula  is satisfiable iff
Its truth value is T in at least one interpretation

A formula is unsatisfiable iff
Its truth value is F in all interpretations (contradiction: ⊥)
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Valid and Sound Arguments

https://en.wikipedia.org/wiki/Soundness

H 1=T
H 2=T

C=T

H 2=T

F T F T F T F
T F F T T F F

T T T T T T T

T T T F F F F

H 1=T
H 2=T

C=F

H 2=T

a valid argument

a sound argument

a invvalid argument
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De Morgan’s Law for Quantifiers

Discrete Mathematics and Its Applications, Rosen

¬∃ x P(x) ∀ x ¬P(x)

For every x, P(x) is false.¬(There is an x for which P(x) is true)

¬∀ x P(x) ∃ x ¬P(x)

There is an x, for which P(x) is false.¬(for every x, P(x) is true)
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Example 1-a

Discrete Mathematics and Its Applications, Rosen

Every student in this class has studied calculus. 

For every student in this class, that student has studied calculus.

For every student x in this class, x has studied calculus.

C(x) : x has studied calculus

∀ x C (x)



First Order Logic (4A) 12 Young Won Lim
5/15/18

Example 1-b

Discrete Mathematics and Its Applications, Rosen

Every student in this class has studied calculus. 

For every person x, if person x is a student in this class then x has studied calculus.

S(x) : person x is in this class

C(x) : x has studied calculus

∀ x (S (x) → C (x))

different domains of discourse
a wider group of people
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Example 1-c

Discrete Mathematics and Its Applications, Rosen

Every student in this class has studied calculus. 

All people are students in this class and have studied calculus.

S(x) : person x is in this class

C(x) : x has studied calculus

∀ x (S (x) ∧ C (x))

≠
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Example 1-d

Discrete Mathematics and Its Applications, Rosen

Every student in this class has studied calculus. 

For every person x, if person x is a student in this class then x has studied calculus.

Q(x,y) : student x has studied subject y

∀ x Q(x , calculus)

∀ x (S (x) → Q(x ,calculus))
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Example 2-a

Discrete Mathematics and Its Applications, Rosen

Some student in this class has visited Mexico

There is a student in this class with the property that the student has visited Mexico.

There is a student x in this class having the property that x has visited Mexico.

M(x) : x has visited Mexico

∃ x M (x)
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Example 2-b

Discrete Mathematics and Its Applications, Rosen

Some student in this class has visited Mexico

There is a person x having the properties 
that x is a student in this class and x has visited Mexico.

S(x) : x is a student in this class

M(x) : x has visited Mexico

∃ x (S (x) ∧ M (x))
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Example 2-c

Discrete Mathematics and Its Applications, Rosen

Some student in this class has visited Mexico

There is a person x having the properties 
that if x is a student in this class then x has visited Mexico
or if x is not a student in this class, then x has visited Mexico
or if x is not a student in this class, then x has not visited Mexico

S(x) : x is a student in this class
M(x) : x has visited Mexico

∃ x (S (x) → M (x))

≠
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Example 3-a

Discrete Mathematics and Its Applications, Rosen

Every student in this class has visited either Canada or Mexico.

For every x in this class, x has the property 
That x has visited Mexico or x has visited Canada.

C(x) : x has visited Canada
M(x) : x has visited Mexico

∀ x (C (x) ∨ M (x))
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Example 3-b

Discrete Mathematics and Its Applications, Rosen

Every student in this class has visited either Canada or Mexico.

For every person x,
if x is a student in this class, then x has visited Mexico or x has visited Canada.

S(x) : x is a student in this class
C(x) : x has visited Canada
M(x) : x has visited Mexico

∀ x (S (x) → (C (x) ∨ M (x)))
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Example 3-c

Discrete Mathematics and Its Applications, Rosen

Every student in this class has visited either Canada or Mexico.

For every person x,
if x is a student in this class, then x has visited Mexico or x has visited Canada.

V(x,y) : x has visited country y

∀ x (S (x) → (V (x ,Canada) ∨ V (x ,Mexico)))
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Quantifications of 2 variables (1)

Discrete Mathematics and Its Applications, Rosen

T when P(x,y) is true for every pair x, y.

F when there is a pair x, y for which P(x,y) is F

∀ x∀ y P (x , y)
∀ y ∀ x P (x , y)
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Quantifications of 2 variables (2)

Discrete Mathematics and Its Applications, Rosen

T when for every x there is a y for which P(x,y) is T.

F when there is an x for which P(x,y) is F for every y.

∀ x∃ y P(x , y)



First Order Logic (4A) 23 Young Won Lim
5/15/18

Quantifications of 2 variables (3)

Discrete Mathematics and Its Applications, Rosen

T when for an x for which P(x,y) is T for every y.

F when for every x there is an y for which P(x,y) is F.

∃ x∀ y P(x , y)
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Quantifications of 2 variables (4)

Discrete Mathematics and Its Applications, Rosen

T when there is a pair x, y for which P(x,y) is T.

F when P(x,y) is F for every pairs x, y.

∃ x∃ y P(x , y)
∃ y∃ x P(x , y)
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