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é��'XF§eF´ü��§K¡F´¼ê½N�§=
F´¼ê⇔ F´��'X∧
∀x∀y∀z(x ∈ domF ∧ y ∈ ranF ∧ z ∈ ranF ∧ xFy ∧ xFz → y = z)"

�¼ê∅¶
éu¼êF§〈x , y〉 ∈ F ⇔ xFy ⇔ F (x) = y§eFØ´¼ê§K�

��«L«{Ã�¶
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�A!B��8Ü§F�¼ê§edomF ⊆ A§�ranF ⊆
B§K¡F´A�B� ¼ê§P�F : A −→| B"¡A�F
�c�§PA�B��N ¼ê�A −→| B§=

A −→| B = {F | F : A −→| B}

d½Â��A −→| B ⊆ P(A× B)"
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~~~

�A = {a, b}§B = {1, 2}§¦A −→| B"

)))µµµ�lA× B��Nf8§=P(A× B)¥éÑ�N¼ê§§�Ñ
´A�B� ¼ê"

A× B�"�f8∅�¼ê§P�f0"

A× B�4�1�f8þ�¼ê§P

f1 = {〈a, 1〉}, f2 = {〈a, 2〉}, f3 = {〈b, 1〉}, f4 = {〈b, 2〉}

A× B�6�2�f8k4��¼ê§P

f5 = {〈a, 1〉, 〈b, 1〉}, f6 = {〈a, 1〉, 〈b, 2〉},
f7 = {〈a, 2〉, 〈b, 1〉}, f8 = {〈a, 2〉, 〈b, 2〉}

A× B�3�f8Ú4�f8þØ´¼ê"

ÏdA�B��N ¼ê�k9�§=A −→| B = {f0, f1, · · · , f8}"
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�F´A�B� ¼ê§�domF = A§K¡F�A�B��¼ê§{
¡A�B �¼ê§P�F : A→ B§PA�B��N�¼ê�BA½

A→ B§=BA = A→ B = {F | F : A→ B}"

d½Â��§eF : A→ B§KF : A −→| B§���Ø¤á"

~~~

�A = {a, b}§B = {1, 2}§¦BA"

�A,Bþ�k¡8Ü§|A| = n§|B| = m§�n ≥ 1§m ≥ 1§K
|BA| = mn§=A�B�kmn��¼ê"

�A = ∅�§BA¥�k�¼ê§=BA = {∅}"
�A 6= ∅
B = ∅�§BA = ∅§=d�A�BÃ�¼ê§�d�∅�
A�B��� ¼ê"
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�F�A�B� ¼ê§=F : A −→| B§�domF ⊂ A§K¡F�A �B

�ý ¼ê§P�F : A −→‖ B§PA�B��Ný ¼ê�A −→‖ B§

=A −→‖ B = {F | F : A −→‖ B}"

w,A −→‖ B ⊂ A −→| B�A→ B ⊂ A −→| B§¿�

A −→| B = (A −→‖ B) ∪ (A→ B)

~~~

�A = {a, b}§B = {1, 2}§¦A −→‖ B"

eF ∈ A −→‖ B§KF ∈ domF → B"

eF ∈ A −→| B§KF ∈ domF → B"
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�f : A→ B"

1 eranf = B§K¡f´÷��¶

2 ef´ü��§K¡f´ü��¶

3 efQ´÷��§q´ü��§K¡f´V��"

~~~
�A1 = {a, b}§B1 = {1, 2, 3}§A2 = {a, b, c}§B2 = {1, 2}§A3 = {a,
b, c}§B3 = {1, 2, 3}§©O�ÑA1 → B1!A2 → B2!A3 → B3¥�÷

�!ü�ÚV�¼ê"
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�|A| = n§|B| = m§K

1 �n < m�§A→ B¥Ø¹÷�¼ê§l
Ø¹V�¼ê"
�
n ≤ m�§A→ B¥�¹m(m − 1) · · · (m − n + 1)�ØÓ�ü�¼
ê"

2 �m = n�§A→ B¥�¹n!�V�¼ê"

3 �m < n�§A→ B¥Ø¹ü�¼ê§l
Ø¹V�¼ê"
�
m ≤ n�§A→ B¥�¹m!S(n,m)�ØÓ�÷�¼ê"

~~~

�|A| = 5§|B| = 3§KA→ B¥¹õ��÷�¼êº
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~~~

?Øe��¼ê�5�£¤Ñy8ÜA,Bþ���k¡8Ü¤µ

1 f : A→ A× B�∀a ∈ A, f (a) = 〈a, g(a)〉§Ù¥g : A→ B¶

2 f : A× B → A�∀〈a, b〉 ∈ A× B, f (〈a, b〉) = a¶

3 f : A× B → B × A�∀〈a, b〉 ∈ A× B, f (〈a, b〉) = 〈b, a〉"
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~~~

?Øe��¼ê�5�µ

1 f : N→ N�f (x) = b x2 c§Ù¥bxcL«Ø�Lx����ê¶

2 f : R− {0} → R�f (x) = ln|x |¶
3 f : (−∞, 1]→ [−1,+∞)�f (x) = x2 − 2x¶

4 f : N→ {0, 1}�f (x) =

{
0, x�Ûê

1, x�óê
¶

5 f : R− {1,−1} → R�f (x) = 1
x2−1"
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�f : A→ B§A′ ⊆ A§PA′3fe��f [A′]�f (A′)§=f (A′) = {y | y
= f (x) ∧ x ∈ A′}§òf (A′)E¡�A′3fe��"AO/§¡f (A)�¼

êf��"�B ′ ⊆ B§¡f −1(B ′) = {x | x ∈ A ∧ f (x) ∈ B ′}�B ′���

��§{¡�B ′���"

ef : A→ B§Kf (A) = ranf§f −1(B) = A"

~~~

�g : R→ R§R�¢ê8§�f (x) = x2§

1 �A1 = [0,+∞)§A2 = [1, 3)§A3 = R§
Kf (A1) = [0,+∞)§f (A2) = [1, 9)§f (A3) = [0,+∞)"

2 �B1 = (1, 4)§B2 = [0, 1]§B3 = R§
Kf −1(B1) = (−2,−1)∪(1, 2)§f −1(B2) = [−1, 1]§f −1(B3) = R"



8ÜØ�ãØ1nù(II) ¼ê

¼ê�5�

¼ê�5�

½½½nnn

�f : C → D§�f�ü��§C�C���f8x§C1,C2 ⊆ C§K

1 f (
⋃
C) =

⋃
{f (A) | A ∈ C}¶

2 f (
⋂
C) =

⋂
{f (A) | A ∈ C}¶

3 f (C1 − C2) = f (C1)− f (C2)"

½½½nnn

�f : C → D§D1,D2 ⊆ D§D�D���f8x§K

1 f −1(
⋃
D) =

⋃
{f −1(D) | D ∈ D}¶

2 f −1(
⋂
D) =

⋂
{f −1(D) | D ∈ D}¶

3 f −1(D1 − D2) = f −1(D1)− f −1(D2)"
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1 �f : A→ B§XJ�3b ∈ B§¦�é¤kx ∈ A§þkf (x) =
b§K¡f´A�B�~ê¼ê"

2 �f : A→ A§éu?¿�x ∈ A§f (x) = x§K¡f�Aþ�ð�
¼ê"¯¢þ§f´Aþ�ð�'X§ÏdAþ�ð�¼ê�,P
�IA"

3 �f : A→ {0, 1}§A′ ⊆ A§e

f (x) =

{
1, x ∈ A′

0, x ∈ A− A′

K¡f�Aþ'uA′�A�¼ê"Ï~A′�A�¼êP�χA′"

�A = {a, b, c , d}§A′ = {a, d}§χA′ : A→ {0, 1}§K
χA′(a) = χA′(d) = 1, χA′(b) = χA′(c) = 0
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�A,B��8Ü§41,42©O�A,Bþ��S'X§f : A→ B"eé

u?¿�x1, x2 ∈ A§XJx1 ≺1 x2§Kf (x1) 42 f (x2)§K¡f´üN4

O�§XJx1 ≺1 x2§Kf (x1) ≺2 f (x2)§K¡f´î�üN4O�"X

Jx1 ≺1 x2§Kf (x2) 42 f (x1)§K¡f´üN4~�§XJx1 ≺1 x2§

Kf (x2) ≺2 f (x1)§K¡f´î�üN4~�"

~~~

3¢ê8Rþ�/≤0'X§

f : R→ R§f (x) = ex´Rþ�î�üN4O¼ê¶

g : R→ R§g(x) = e−x´Rþ�î�üN4~¼ê"
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�R´Aþ��d'X§A/R´A'uR�û8§�f : A→ A/R§

�f (a) = [a]§K¡f�A�A/R�g,N�½;.N�"

~~~

�A = {a, b, c , d}§R = IA ∪ {〈a, b〉, 〈b, a〉}§KR�Aþ��d'
X"f : A→ A/R§K

f (a) = [a] = {a, b}
f (b) = [b] = {a, b}
f (c) = [c] = {c}
f (d) = [d ] = {d}

���¹e§g,N�¼êþ�÷��§���d'XRØ´ð
�'X�§g,N�þØ´ü��"
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