


P Q

P
non(P )

(non(P ) Q) P =⇒ Q P Q

P P =⇒ Q Q

(P =⇒ Q Q =⇒ P ) P ⇐⇒ Q P Q

P ⇐⇒ Q P Q

Q =⇒ P P =⇒ Q
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P non(P ) =⇒ P

non(P ) =⇒ P
P

P =⇒ Q non(Q) =⇒ non(P )

P ⇐⇒ Q non(Q) ⇐⇒ non(P )

x
A x A x ∈ A

∅
A B

A = B ⇐⇒ ( x, x ∈ A ⇐⇒ x ∈ B)

n
a1, a2, . . . , an

A = {a1, a2, . . . , an}

A

∀
∃
∃!

x A Px x
∀x, x ∈ A =⇒ Px ∀x ∈ A,Px

∃x, x ∈ A =⇒ Px ∃x ∈ A,Px

non (∀x ∈ A,Px) ∃x ∈ A, non(Px)

non (∃x ∈ A,Px) ∀x ∈ A, non(Px)

A B
x A Px x

B = {x ∈ A|Px}

B

A B

B A B ⊂ A B
A B A A

A P(A)

A B E A∪B
E A B A

B E A ∩ B E A
B

A E �EA
E A A B

E A ∩ �EB A \B

E
E E

A B (a, b) a
A b B

A× B = {(a, b)|a ∈ A b ∈ B}

∀n ∈ N∗ (A1, A2, . . . , An) n

n∏
k=1

Ak = A1 × A2 × · · · × An = {(a1, a2, . . . , an)|a1 ∈ A1 a2 ∈ A2 . . . an ∈ An}

(a1, a2, . . . , an)
∏n

k=1 Ak n ∀k ∈ 1, n ak
n (a1, a2, . . . , an)
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∃
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A P(A)
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B

A E �EA
E A A B
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E
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A b B
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n∏
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E F

R E F E × F (x, y) ∈ R
xRy

R E F ∀x ∈ E
y ∈ F xRy ∀x ∈ E, y = R(x)

R E F ∀x ∈ E, ∃!y ∈ F
xRy ∀x ∈ E, y = R(x)

R x �→ R(x)
E x �→ x E E IdE

R E F R

∀(x, y) ∈ E2, x �= y =⇒ R(x) �= R(y)
∀y ∈ F, ∃x ∈ E, y = R(x)

R E E R E
R E

∀x ∈ E, xRx
∀(x, y) ∈ E2, xRy =⇒ yRx

∀(x, y) ∈ E2, (xRy yRx) =⇒ x = y
∀(x, y, z) ∈ E3, (xRy yRz) =⇒ xRz

E E
E

E

R E x ∈ E
x

x = {y ∈ E|xRy}

R E

{x|x ∈ E} E

E R
E/R

R E x �→ x E

E/R

E E/R

E ≤
(E,≤)

≤ <

∀(x, y) ∈ E2, x < y ⇐⇒ (x ≤ y x �= y)

(E,≤) ≤ E

∀(x, y) ∈ E2, x ≤ y y ≤ x

(E,≤)
a ∈ E ∀x ∈ E, x ≤ a

max(E)

E a ∈ E
∀x ∈ E, x ≥ a

min(E)

E E

(E,≤) A

E A A

A E A
a ∈ E ∀x ∈ A, x ≤ a A a ∈ E ∀x ∈ A, x ≥ a

A
sup(A) A

A inf(A)
A

n ∈ N\{0, 1} (E,≤)

≺ (En)2 ∀(x, y) ∈ (En)2, x ≺ y ⇐⇒
(
x1 < y1 ∃k ∈ 1, n − 1

(x1, . . . , xk) = (y1, . . . , yk) xk+1 < yk+1

)
� En

∀(x, y) ∈ (En)2, x � y ⇐⇒ (x ≺ y x = y) ≤
E � En

� En ≤
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E F

R E F E × F (x, y) ∈ R
xRy

R E F ∀x ∈ E
y ∈ F xRy ∀x ∈ E, y = R(x)

R E F ∀x ∈ E, ∃!y ∈ F
xRy ∀x ∈ E, y = R(x)

R x �→ R(x)
E x �→ x E E IdE

R E F R

∀(x, y) ∈ E2, x �= y =⇒ R(x) �= R(y)
∀y ∈ F, ∃x ∈ E, y = R(x)

R E E R E
R E

∀x ∈ E, xRx
∀(x, y) ∈ E2, xRy =⇒ yRx

∀(x, y) ∈ E2, (xRy yRx) =⇒ x = y
∀(x, y, z) ∈ E3, (xRy yRz) =⇒ xRz

E E
E

E

R E x ∈ E
x

x = {y ∈ E|xRy}

R E

{x|x ∈ E} E

E R
E/R

R E x �→ x E

E/R

E E/R

E ≤
(E,≤)

≤ <

∀(x, y) ∈ E2, x < y ⇐⇒ (x ≤ y x �= y)

(E,≤) ≤ E

∀(x, y) ∈ E2, x ≤ y y ≤ x

(E,≤)
a ∈ E ∀x ∈ E, x ≤ a

max(E)

E a ∈ E
∀x ∈ E, x ≥ a

min(E)

E E

(E,≤) A

E A A

A E A
a ∈ E ∀x ∈ A, x ≤ a A a ∈ E ∀x ∈ A, x ≥ a

A
sup(A) A

A inf(A)
A

n ∈ N\{0, 1} (E,≤)

≺ (En)2 ∀(x, y) ∈ (En)2, x ≺ y ⇐⇒
(
x1 < y1 ∃k ∈ 1, n − 1

(x1, . . . , xk) = (y1, . . . , yk) xk+1 < yk+1

)
� En

∀(x, y) ∈ (En)2, x � y ⇐⇒ (x ≺ y x = y) ≤
E � En

� En ≤
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(E,≤) (F,�) f E F

f E ∀(x, y) ∈ E2, x < y =⇒ f(x) � f(y)
E ∀(x, y) ∈ E2, x < y =⇒ f(x) ≺ f(y)

f E ∀(x, y) ∈ E2, x < y =⇒ f(x) � f(y)
E ∀(x, y) ∈ E2, x < y =⇒ f(x) � f(y)

E
E E

E (F,≤) E
F FE ≤

∀(f, g) ∈ FE, f ≤ g ⇐⇒ (∀x ∈ E, f(x) ≤ g(x))

E F X E Y F f
E F X f f(X) = {f(x)|x ∈ X}

Y f f−1(Y ) = {x ∈ E|f(x) ∈ Y }

A B C f A B g B
C g ◦ f A C f g

x A g ◦ f(x) = g (f(x))

E F f E F f−1

F E y F x E y = f(x)
f−1 f

E F ∀(f, g) ∈ FE × EF

(f ◦ g = IdF g ◦ f = IdE) ⇐⇒ (f g f−1 = g g−1 = f)

E SE E E
f E E f ◦ f = IdE SE f

E E f ◦ f = IdE E

E I
u I E ∀i ∈ I, u(i) = ui u = (ui)i∈I
(ui)i∈I I

I = N u E u
E u E u ◦ φ φ

N N

u ∀n ∈ N, un+1 ≥ un

u

A,B C

A B A
B |A| = |B| |A| �= |B|
A B |A| ≤ |B|

A B |A| < |B| |A| ≤ |B| |A| �= |B|

|A| ≤ |B| ⇐⇒ B A

(
|A| ≤ |B| |B| ≤ |C|

)
=⇒ |A| ≤ |C|

A ⊂ B =⇒ |A| ≤ |B|

(
|A| ≤ |B| |B| ≤ |A|

)
=⇒ |A| = |B|

|P(A)| > |A|

N A
A |A| < |N|
A |A| ≤ |N|
A |A| ≥ |N|

A ⇐⇒ ∃n ∈ N |A| = | 1, n |
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(E,≤) (F,�) f E F
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E E
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E SE E E
f E E f ◦ f = IdE SE f

E E f ◦ f = IdE E

E I
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I = N u E u
E u E u ◦ φ φ

N N

u ∀n ∈ N, un+1 ≥ un

u

A,B C

A B A
B |A| = |B| |A| �= |B|
A B |A| ≤ |B|

A B |A| < |B| |A| ≤ |B| |A| �= |B|

|A| ≤ |B| ⇐⇒ B A

(
|A| ≤ |B| |B| ≤ |C|

)
=⇒ |A| ≤ |C|

A ⊂ B =⇒ |A| ≤ |B|

(
|A| ≤ |B| |B| ≤ |A|

)
=⇒ |A| = |B|

|P(A)| > |A|

N A
A |A| < |N|
A |A| ≤ |N|
A |A| ≥ |N|

A ⇐⇒ ∃n ∈ N |A| = | 1, n |
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∀(n, p) ∈ N2
(
| 1, n | ≤ | 1, p | ⇐⇒ n ≤ p

) (
| 1, n | =

| 1, p | ⇐⇒ n = p
)

A ∃!n ∈ N |A| = | 1, n |
A n |A| = n

A E |A| = |E| A = E

f

(f ⇐⇒ f ⇐⇒ f )

A B |A| ≥ |B| |A| < |B|

(An)n∈K K

x ∈
⋃
n∈K

An ⇐⇒ ∃n ∈ K, x ∈ An

x ∈
⋂
n∈K

An ⇐⇒ ∀n ∈ K, x ∈ An

K K

(An)n∈K E

K

�E

(⋃
n∈K

An

)
=

⋂
n∈K

�E(An) �E

(⋂
n∈K

An

)
=

⋃
n∈K

�E(An)

E F f E F (An)n∈K
F K

f−1

(⋃
n∈K

An

)
=

⋃
n∈K

f−1(An) f−1

(⋂
n∈K

An

)
=

⋂
n∈K

f−1(An)

E F f E F (An)n∈K
E K

f

(⋃
n∈K

An

)
=

⋃
n∈K

f(An) f

(⋂
n∈K

An

)
⊂

⋂
n∈K

f(An)

f =⇒ f

(⋂
n∈K

An

)
=

⋂
n∈K

f(An)

(E, ∗)

A E (∗)
A×E E (x, y) A×E x∗ y

E (∗) (E, ∗) (∗)
A ⊂ E

(∗) ∀(x, y, z) ∈ E3, (x ∗ y) ∗ z = x ∗ (y ∗ z)

(∗) ∀(x, y) ∈ E2, x ∗ y = y ∗ x x y
x ∗ y = y ∗ x

E ≤ (∗)

∀(x, y, z) ∈ E3, x ≤ y =⇒ (x ∗ z ≤ y ∗ z z ∗ x ≤ z ∗ y)

z E (∗)

∀(x, y) ∈ E2, (x ∗ z = y ∗ z =⇒ x = y) (z ∗ x = z ∗ y =⇒ x = y)
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