
R X × Y
∀(x, y, y′) ∈ X × Y × Y, ((x, y) ∈ R (x, y′) ∈ R) ⇒ y = y′

∀x ∈ X, ∃y ∈ Y, (x, y) ∈ R

X Y f X Y
R ⊆ X × Y f X R

(f) = {x ∈ X | ∃y ∈ Y, (x, y) ∈R} x ∈ (f) f(x) y ∈ Y
(x, y)∈R

X Y f X Y
X × Y

Y ♦ /∈ Y ♣ f ∈ X ⇀ Y







X → Y ∪ {♦}

x Ô→

{

f(x) x ∈ (f)
♦







X Y
X → Y X Y
X ⇀ Y X Y

{(n2, n) | n ∈ Z} Z × Z

{(n2, n) | n ∈ Z} N × Z

{(n2, n) | n ∈ N} N × N

{(n, n2) | n ∈ N} N × N

♣ (x, y) x /∈ X



E S R ⊆ E × S

∀e ∈ E, ∃s ∈ S, (e, s) ∈ R E

S

E S

:

{

n ∈ N

n

{(0, ), (1, ), (2, ), (3, ), (4, ), . . .} ⊆ N×B

0 :

{

n∈N T n 0
i ∈ J0, n − 1K T [i] = 0

{
(

(3, ), 1
)

,
(

(3, ), 1
)

,
(

(4, ), 0
)

, . . .}

{(n, n2) | n ∈ N}
{(n2, n) | n ∈ N}
{(n2, n) | n ∈ Z}

{(n, ) | n ∈ C} ∪ {(n, ) | n ∈ Z \ C}
C = {n2 | n ∈ N}

{(n2, n) | n ∈ Z} C × Z

:

{

L1 L2

L1 = L2



ε

f

:

{

n ∈ N 2
n

f :

{

n ∈ N

n

{0, 1}

R ⊆ E × B ∀e ∈ E, ∃!s∈B, (e, s)∈R

E B

+ −

+ = ∅ − = ∅

L ⊆ Σ⋆
L :

{

w ∈ Σ⋆

w∈L
+
L = L

−

L = Lc

EQ − = {(e, s) | (e, s)∈ }

L ⊆ Σ⋆
L Lc



⊆ E × R

e ∈ E (e) ce ∈ (e) → R

min{ce(s) | s∈ (e)} e

min max

e (e)
ce e opt{ce(s) | s∈ (e)}

opt = min opt = max e
s∈ (e) ce(s)

e

O

O






e∈E

min
s∈ (e)

ce(s)

{

e∈E K ∈N

s∈ (e) ce(s) 6 K

O






e∈E

max
s∈ (e)

ce(s)

{

e∈E K ∈N

s∈ (e) ce(s) > K

{

G = (S, A, c) s t S K ∈N

s t G 6 K

n ∈ N
⋆

(p1, p2, . . . , pn) ∈ N
n p1 = 1 M

M (1, 2, 5)

M = 6 2 + 2 + 2 5 + 1


