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1 8Ü�N�

2 �d'X

3 ��$�
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8Ü

1 ��êÆ�Ä� — 8Ü

2 êÆ�ïÄé�=�k/A½(�0�8Ü

3 �= �±\Ú¦�8Ü¶�= �±oK$��8Ü
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N�

1 ½ÂµüN�f : X → Y �f ′ : X ′ → Y ′ ��§eX = X ′,

Y = Y ′�f (x) = f ′(x) é?Ûx ∈ X¤á"

2 N��EÜ§ð�N�

3 N�f��Im f!ü�!÷�!V�

4 ü��S%�xº÷��S%�xºV��S%�

xº£element-free, that is, categorical!¤

5 ;�©)µf = i ◦ π§Ù¥π�÷�§i�ü�"
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Ä��E

�X ,Y�8Ü"

1 Ã�¿X
∐

Y (eX ,YTþ�,�8Ü�f8§ù«O

u�~�¿X ∪ Y )

2 (k�ÈX × Y

3 N�8ÜMap(X ,Y )

4 ~: �3V�Map(X , {0, 1}) ' P(X )§Ù¥P(X )�X��

8"
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;�V�

�X ,Y ,Z�8Ü"

1 ;�V�Map(X
∐

Y ,Z ) ' Map(X ,Z )×Map(Y ,Z )

2 ;�V�Map(X ,Y × Z ) ' Map(X ,Y )×Map(X ,Z )

3 ��V�µ�3;�V�

Map(X × Y ,Z ) ' Map(X ,Map(Y ,Z ))
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�d'X

�X�8"

1 Xþ��d'XR ⊆ X × Xµ÷vg�5!é¡5!D4

5"

2 PÒ: a
R∼ b ⇔ (a, b) ∈ R

3 �da[a]!�da��L�±9ûN�X → X/
R∼

4 'uR����L�X£ïÄ�d'X��Ø%S

N���¤

5 ~µÛó5§�3�{...
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�d'X=©=÷�

�X�8"

1 X�©´�Ù�8,�f8{Xi | i ∈ I} ⊆ P(X )÷vµ

��!Ã�!CX"

2 �d'X=©£hint: �da¤

3 ©=÷�(���da)£hint: �Ä��y�_

�f −1(y)¤
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N�Ä�½n

½n

�f : X → Y�N�,
f∼�Xþ�A��d'X"Kfp�V�

f̄ : X/
f∼ ∼−→ Im f , [x ] 7→ f (x).

AO/§ef�÷�§KY/��þ0́ X�û8"
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N��;�©)

�f : X → Y�N�"Kk��ã"

X

πf
����

f // Y

X/
f∼ f̄ // Im(f )

?�

inc

OO

�Ò`§·�k�ª

f = inc ◦ f̄ ◦ πf .

5µ÷vþª�f̄´����
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��$�

�S�8"

1 ��$�ψ : S × S → S , (x , y) 7→ ψ(x , y)

2 (ÜÆψ(ψ(x , y), z) = ψ(x , ψ(y , z))

3 PÒ�½µψ(x , y) = x · y£later, even as xy¤

4 WARNING: $�(Jx · y¥ØU¡EÑx½y§Ï�ψ��

Ø´ü��
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2Â(ÜÆ

½n

�(S , ·)Xþ§÷v(ÜÆ"Kéu?¿n ≥ 1§���3n�

$�

[−,−, · · · ,−] : S × S × · · · × S −→ S

÷ve�^�µ

1 [x ] = x

2 [x , y ] = x · y

3 [x1, x2, · · · , xn] = [x1, · · · , xi ] · [xi+1, · · · , xn], ?

¿1 ≤ i ≤ n − 1.

��Î¥I�ÆEâ�Æ C�ê��



Ü©SK

£À¤gÆ�Æ�Vg§�ySet´�Æ"

�yü�!÷�ÚV��£�Æ¤S%�x"

�y'uMap�n�;�V�"

�y'u���L�X��x"

£À¤Ö¿2Â(ÜÆ�y²"

��Î¥I�ÆEâ�Æ C�ê��


