




A ∧B A B A B

A ∩B = {x : x ∈ A ∧ x ∈ B}

A B A ∧B

truth
table



A ∨B A B A B

A ∪B = {x : x ∈ A ∨ x ∈ B}

A B A ∨B

-

-

allows both to be true !

( unlike conversational

English)



¬A A A

¬A = {x : ¬(x ∈ A)}

A ¬A

U ,P ,E U(x) ≡ x is under 30
P (x) ≡ x is prime E(x) ≡ x is even

U(x) ∧ (¬P (x) ∨Q(x))

x

A
'
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{ x : X ¢ A 3

E

00
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A,B

(A ∩B) = A ∪B

(A ∪B) = A ∩B

P ,Q

¬(P ∧Q) ≡ ¬P ∨ ¬Q

¬(P ∨Q) ≡ ¬P ∧ ¬Q

C C C

C C C

,
.

I
① equivalent
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¬(P ∧Q) ≡ ¬P ∨ ¬Q

P Q ¬(P ∧Q) ¬P ∨ ¬Q

I
.

t
Pr Q P

: :±:f÷Y÷F
F F

F

T T
t
truth table

I
.

MP n On) = a Pvr Q



t

E : t is even I it is irrational

p : t is prime
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A B A ∨B

A⊕B A B A,B

A B A⊕B

Rewrite A ⑦ B in terms of

V
,

A
,

I
?

=
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A⊕B ≡ (A ∨B) ∧ ¬(A ∧B)

A B A⊕B (A ∨B) ∧ ¬(A ∧B)

( Av B ) n GA v a B )
-

equivalent ,

using De Morgan 's

I I



P ⇒ Q P Q P Q P

Q Q

today is Christmas ⇒ the current month is December

P Q P ⇒ Q

if P
,

then On

P Q

truth table

defines implication

+
just a truth value !



P ⇒ Q ∨,∧, ¬

implications are just
expressions with a

truth value

7 P v Q

( Pn Q ) vnp



P ⇒ Q ≡ ¬P ∨Q

P Q P → Q ¬P ∨Q

P ⇒ Q ¬P ∨Q

P On

X is even =3 X
' is even

= x is odd ar X
'

is even

a p v On
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P ⇒ Q P ∧ ¬Q

¬(P ⇒ Q) ≡ ¬(¬P ∨Q)

≡ (¬¬P ) ∧ (¬Q)

≡ P ∧ ¬QD



P ⇒ Q

¬Q⇒ ¬P

Q⇒ P



¬Q⇒ ¬P

¬Q⇒ ¬P ≡ ¬(¬Q) ∨ (¬P ) ≡ Q ∨ ¬P

≡ ¬P ∨Q

≡ P ⇒ Q

P Q Q P

P ⇒ On A ⇒ BE 7 A v B
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Q⇒ P

P Q Q P

f f

P ⇒ Q

-

u !



p q gcd(p, q) = 1 p = q

p ⇒ Q

converse On ⇒ P

contrapositive 7Q⇒nP
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y a-

contrapositive
: if gcdlp.gl ¥1 and p±q ,

then pisanogt.nl?ri7o+ prime

Injection

converse : ifgcacp.at up
.
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then p and q are
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prime .



A⇔ B A B A B A

B A B

A B A⇒ B B ⇒ A

a function is bijective iffy it is both

surjective and

injective

-

- -

if it is Dec 25
, then itis Christmas

if it is Christmas
,

then it is Dec 25

A = B



A B A⇔ B (A⇒ B) ∧ (B ⇒ A)

A⇒ B B ⇒ A

f
A  ⇒ B = ( A ⇒ B) n(B⇒A)

-



∀
∃

f : A→ B ∀b ∈ B, ∃a ∈ A : b = f(a)

E(x) x U(x) x

∀x ∈ N,E(x) ∨ U(x)

∀x ∈ N,E(x) ∧ U(x)

fax pfx ) : far all x
,

P Cx ) is

true

AM

iff

→ for all naturals x
,

X is even ar

/ x is odd

- C true )
for all naturals x

,

x is even and

x is odd ffalse)



¬(∀x P (x)) ≡ ∃x ¬P (x)

¬(∃x P (x)) ≡ ∀x ¬P (x)

P (x) x

x x

x

x x

x

not all students exists a student that

one

sophowen.es
q is not a sophomore

-7 all students are

does not exist a
← not sophomores /

sophomore
no student is a

sophomore
Ella Bae

Be mean



∀q ∈ Q, (∃t ∈ Q : qt = 1 ∨ q = 0)

q

∃q ∈ Q, (∀t ∈ Q : qt ≠ 1 ∧ q ≠ 0)

q

¬(∀x ∃y : P (x, y) ∨Q(y))

≡ ∃x∀y : ¬P (x, y) ∧ ¬Q(y)
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∀ ∃

P (x, y) x > y

∀x ∈ Z, ∃y ∈ Z : P (x, y)

x y x

∃y ∈ Z, ∀x ∈ Z : P (x, y)

y x

X.



∨ ∧ ¬

A ↓ B A,B

A B A ↓ B A v B

T

T A TB in terms of

T V
, n

,
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A ↓ B ∨,∧, ¬

At B = 7 ( Av B )

Prove : truth table
-



¬A ↓

ATA



A ∨B ↓

At B = 7 ( Av B )

7 ( A tr B ) = 77 ( A VB ) = A u B

Av B = ( At B) t ( At B )



A⇒ B ↓


