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� J
� �+#+
 (g, f) �−→ gof �L��. ��

g ∈ MorC(B,C) � f ∈ MorC(A,B) �*� D � C � B � A %)& ���; �� /�5� �� 4
ho(gof) = (hog)of A���4 eh ∈MorC(C,D)�

5� +,= �� /�5� �� � J
� �+#+
 �B G}
MorC(B,B) 5� /+,=B����
 %)& �� /�5� �� c
1'&�� �	&�� eg G}
MorC(B,C) 5� +,= �� � f G}
MorC(A,B)

.go�B = g��Bof = f

5� /�� Jb�� � �=+�0
 e"4 %�'&� / ��� A�*�� 1'
�� )
 �Y�3�� / �	
� �� C / �	
� VGKEKE<��W�
�� J&��� )���� e�� Jb�� )���� � �� J&��� T' �� e�� Jb�� T' �� �B ��A 5� /�� J&��� eB ��A

9��&��

P���& �*� �+&)
 A�'
�� C �	
� ��5B �	
� e�&�� C �	
� %�'&�S: A���� "��� obC �*� VPKEKE<��W�
9�&�� ���3�� ��5

obB ⊆ obC 9�

9MorB(A,B) ⊆MorC(A,B) 1'&�� �	&�� obB �� h8R	
B �A �� /��� 9>

9�&�� C �� �� Jb�� T' �� 5� /���C� B �� �� Jb�� T' �� 9�

1'&�� �	&�� eobB �� h8R	
B �A �� /��� �*� e�&�� C �	
� 5� �	
� ��5 B �'� ~�(

MorB(A,B) =MorC(A,B),

9���+* )
 G
� �	
� ��5 �� C A�* "4

g : B −→ A ����
 )	b�� A�*�� ��
�� )
 m��R�n� �� f : A −→ BJb�� eC �	
� �� VOKEKE<��W�
9fog = �B � gof = �A � /�+[ �� �&�� �+#+
 C ��

9J
� m��R� n� �&�� A�&X��R� )	3� em��R� �� T' ��
9��&�� )
 m��R
B �A 1'�+* )
 �&�� m��R� f : A −→ B �*�
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Mor(A,B) eC �� h8R	
 B � A �� /�5� �� 9�&�� �� �=+�0
 $��� �	
� C 1'� ~�( VZKEKE 5�[�
9�&�� )
 f : A −→ B d��+� $��� �=+�0


9�&�� )�+
�� ef �*� J
� m��R� n�A �	
� 5� f Jb��

�=+�0
Mor(A,B) eB �� h8R	
B �A �� /�5� �� 9�&�� �� A��* $��� �	
�B 1'� ~�( VQKEKE 5�[�
9�&�� )
 g : A −→ B A��* /�� )	b���� $���

9�&�� )	b��H� ef �*� ����� �*� J
� m��R� n� B 5� gJb��

q����T : A −→ B �� � B ��A 5�T ��� 1� ]�6W$�� e��&�� �	
� ��B �A 1'� ~�( VJKEKE<��W�
f : C −→ C ′ Jb�� � ���)
JW7� ��B 5�T (C) ����
 )'&A 5�C %)& �� � J
� )R��� e�+&)
 A���

e� /�+[ �� ��� )
 JW7� �� C 5� T (f) : T (C) −→ T (C ′) ����
 )	b�� C 5�

1'&�� �	&�� eA 5� idC )���� Jb�� �� /�5� �� 9�

T (idC) = idT (C).

9T (gof) = T (g)oT (f)�&�� A�&X��R� �� "4 g � f T' �� � A 5� g � f Jb�� �� �� /�5� �� 9>

9��� )
JW7�E�+! �� ��A �	
� �� Jb�� �� � %)& �� IA : A −→ A )���� ��R��� VSKEKE 5�[�

X��R� ��5 <�+k �� e���� )
 "���Aop �� � A �I$�*�� ���� A�* "4 e�&�� �	
�A �*� V\KEKE<��W�
9�+& )


obAop = obA 9�

MorAop(A,B) =MorA(A,B) 9>

)
 "��� f op �� �� "4 e�+& �	(�* �\� ��MorAop(A,B) �� Jb�� n� f ∈ MorA(B,A)Jb�� )	3�
9�+& )
X��R� gopof op = (fog)op<�+k ��Aop �� �� Jb�� T' �� 91'��

e� J
�A× B �	
� e�� "4 c�. Gk�O e��&�� �	
� �� B �A �*� VE]KEKE<��W�

B ∈ B. �A ∈ A � ��	7� (A,B)/��JQ#A× B %�'&� 9�

9�&�� )
 g ∈MorB(B,B′)} � f ∈MorA(A,A′) � MorA×B((A,B), (A′, B′)) = {(f, g)} 9>
]�������
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�'�� �� �	
� �� 5� q'� c�. Gk�O 9�+& )
X��f� (f ′, g′)o(f, g) = (f ′of, g′og)<�+k �� T' �� 9�
9�+& )
X��R� +C�

/��� _A��n� 9�&�� C %�'&� 5� /� A��+��! {Ai|i ∈ I} � �	
� n� C �'� ~�( VEEKEKE <��W�
J
� {pi : P −→ Ai | i ∈ I} ����
 �� Jb�� 5� /� A��+��! �� A���� C 5� P %)& {Ai|i ∈ I} A��+��!
/��( �� �UC�
 Jb�� e�� Jb�� 5� {ψi : B −→ Ai | i ∈ I} A��+��! �B %)& �� /�5� �� � /�+[ ��
���+�� )�R� .piψ = ψi �1'&�� �	&�� i ∈ I �� /�5� �� � /�+[ �� �&�� �	&�� �+#� ψ : B −→ P ����


9�&�� )��# ���# ��5

B Ai

P

ψi

∃!ψ pi

/��� @A�� :9n� 9�&�� C %�'&� 5� /� A��+��! {Ai|i ∈ I} � �	
�n� C �'� ~�( VEGKEKE<��W�
�� J
� {si : Ai −→ S | i ∈ I} ����
 �� Jb�� 5� /� A��+��! �� A���� C 5� S %)& {Ai ∈ I} A��+��!
/��( �� �UC�
 Jb�� e�� Jb�� 5� {ϕi : Ai −→ B | i ∈ I} A��+��! � B %)& �� /�5� �� � /�+[
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 ���X���� �� C �	
� 5� f : C −→ DJb�� VEPKEKE<��W�
.g = h � �+& �0'	� fg = fh 5� g, h ∈MorC(B,C)/��Jb��

�E %�'&� d'�# /�5� �� A�*�� 1'
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 ���X��
�$ �� C �	
� 5� f : C −→ DJb�� VEOKEKE<��W�
.k = t � �+& �0'	� kf = tf 5� k, t ∈MorC(D,E)/��Jb��

PY( �n� C 5�C %)& �� /�5� �� A�*�� 1'
�� )
 �?��4
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n� C 5� C %)& �� /�5� �� A�*�� 1'
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 �����1� �� ���3� :9 �� C �	
� �� T %)& VEQKEKE<��W�
9�&�� �	&�� �+#�C −→ T ����
 Jb��n� PY( �
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�� �� f <�+k ��� �� 9�&�� C �	
� 5� )	b�� f : A −→ B �'� ~�( VEJKEKE<��W�
� /�+[ �� �&�� �	&�� �+#� g ∈ MorC(B,A) ���� <��W= �� 9�&�� J
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 /���� f A�*�� 1'
��
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A �� �$ %
�� ��BJ^�O ��� �� � fg = idB
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�& ((fii∈I), A)a�5 5�J7���W= �@�6�"�
�"n� VG]KEKE<��W�
(Ai)i∈I / A��+��! 9J
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�� 9J
� C / ��
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�� >? �W�'/ e�&�� )
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Di
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 I �� h8R	
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 ��( �� �UC�
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�) :��n� S �'� ~�( VGQKEKE<��W�

.es = s �1'&�� �	&�� s ∈ S �� /��� A�*�� 1'
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 >]_7���39 �� e ∈ S +,= 9�

.se = s �1'&�� �	&�� s ∈ S �� /��� A�*�� 1'
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 >_ ���39 �� e ∈ S +,= 9�
9�+& )
 A��� q���� �s �� M+�R
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 >�_75L ���� 9�
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>�!��� 5L ���� 9>
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 A�'
�� aP
+� A�& �'^+� ����=� 5L ���� SaS ∪ aS ∪ Sa ∪ {a}

<�+k��� �� 9�&��S /��/5�� 1� �L���n� ρ ⊆ S×S � A��* 1'�n�S 1'� ~�( VPGKEKE<��W�

9(us)ρ(ut) A�* "4 sρt eS �� h8R	
 u� t� s �� /��� �*� J
� S /�� �__7#��)0�� / �L��� ρ 9�

9(su)ρ(tu) A�* "4 sρt eS �� h8R	
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9(us)ρ(ut) � (su)ρ(tu) A�* "4 sρt eS �� h8R	
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� S /�� �� #��)0�� / �L��� ρ 9�
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 A��* 1'� n� S �� h8R	
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 / �L��� ρ �*� VPPKEKE<��W�

9���+* )
 s��R	
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d��� <�+k ��� �� 9�&�� �=+�0
n�A �'� ~�( VPZKEKE<��W�

C : Su(A) −→ Su(A)
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