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(1)
=�>���W�X���Y���&�Z�[:P

; \�]�^�_ (̀�a )̂�b�cI\�]�^�d�e�b�cI^�f�\�]�^g�h \�]�^�i�j�^�k�l�i�j�^�m�n /
(2) A = {1, 2, 3, 4}, B = {a, b, c}
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(1) A
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B y � m�n A�z
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x�F
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(3)
������������5���o�[�,������I����������) ]�� o�.�/

(4) ∀ε > 0 ∃δ > 0 ∀x ∈ I ; 0 < |x− a| < ε=⇒|f(x) − f(a)| < ε
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1.1 (1)
=�>���� \�] ��þ�Ñ N ( ÿ�� � ), Z ( � � ), Q( � #�� ), R( � � ), C ( ��a � )
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� F�	�)�W�-�. ; )�o�.�/���� \�] X = N ,Z ,Q,R,C
)�� f  �
 + � [+]

N h¡ ���
 �
[ · ]
��YI�:MHGU,�-�.�/$ù�E�J��

a
N
b
� f � a+ b ^ h � a · b

N e�� ±�x�G�.�/ £�¤ ��Ë� þ�� w�� o:N +(a, b), · (a, b)
N�4I.�/

+, ·
& m�n NHO�E�.UN ^ �HG:Fr� X ×X

x�F
X y� m�n NHú�. ; � w�ª .�/

(2) B = {0, 1}
&

2 � ��&�� � o�.������ \�] NHo�.�/ bit ��� N�+�,�� f   h &�O�E�.�/ f &
[+] ^ h & [ · ] w ± 9 N ^

0 + 0 = 0, 0 + 1 = 1, 1 + 0 = 1, 1 + 1 = 0, 0 · 0 = 0, 0 · 1 = 0, 1 · 0 = 0, 1 · 1 = 1

N�4�.
(
��� w���� �:¦H��OUE�,�4�- )

/
+, ·

�
B × B

x�F
B y � m�n N<ú�. ; � w�ª .�/

(3) H = {0, 1, 2, . . . , 9, A,B,C,D,E, F}
&

16 � � (
&�� � o . ���

)
� \$] N¨o�. / Y = H×H&

2 � � 16 � ��� \�� ¦�N<O�E�. (byte
N���� ; ¬�0v.

)
/ �HG�)U¬ f   h ��Y�� wIª .�� ^

��� � ¦H��O����� ��U)�P�¦ 2 e ¦H��Y��U��O�EUFHG�.�/ A 9 ��� �:¦<&�O�� +�4�- f & ⊕

w�� + , 2 � � y � ��� �:¦H�rO���o�.�� ^ 3 � � y � ��� �:¦H&rO��:+�4�- f & + w�� o$/ù w - û�N
67 +AB = 12, 67

⊕
AB = 02

k ­�)rA 9 ��� ��¦H&�O�� +�4�- h ⊙ N
2 � � y � ��� ��¦H��O��vo�.I� ^ 3 � � y � �!��:¦H&�O��:+�4�- h &

· w�� o$/�ù��
55 · 55 = A9, 55

⊙
55 = 99

N�4�.�/
2 "�# � f   h N�¬ Y × Y

x�F
Y y � m�n )�4�èv,$-�.�/

(4) S
& \�] NHo�. S

x�F
S y � m�n ��A�z�& M (S)

NH± 9 /
M (S)

�
2 _ f , g

)�$:+�%�� ]� m�n f ◦ g
&�O�EI.���N�� w�ª .�/:�r� ◦

¬
M (S) ×M (S)

x�F
M (S) y � m�n )�4�èI,-�.�/

= � ��ù�x�FHp���Y���&�&�E�.�/
'�(

1.2 \�] X w Y��:MHGU� R�) (operation) ϕ
N��

X ×X
x�F

X y � m�n ϕ
�U��N w 0�.�/B�C�)����HG�&

2 *���� NH- û � e������ N�����/ X x�F X y � m�n ψ
&

1 *���� N����:��N��0I.�/
+ ��� )�u�-�, ��, o�.�qIs�2 ^ (2

u�= � � �v� ��Y���MHG�.�- ] )v� ) ���/. � irj �U&�0!12�3�4
(algebraic structure)

N��  ,
0�.�����ø���5�&�6���o�z�� ^�7 æ ^ %�������ø8��5�&�6��o �I� N�%�G���Y��:MHG�,�-�. \�] &�0�1/9 (algebraic system)

NH- ûé/
\I] X

) ��� ϕ1, . . . , ϕn

��Yv�:M<G�,�-U.�- ] �������v��& (X ; ϕ1, . . . , ϕn )
NH± 9 /IO�Ev,

-U. �v� ��:�F�xI4�- ] � ��� &�;�<�+r, X
N=<Iþvo�.�- ] ¬r0I.�/ ��� \�]�w�> û�N ( R ; +, · )� � o ; � w�ª .�/ f N h )$u�-*,�O1E�,�-1.����?:1F�x�4�- ] (

�*��- ]�@ N�ACB��D%×û w 0.
)R
� � o$/

'�(
1.3 2

u��������
( S ; ϕ1, . . . , ϕn ), (M ; ψ1, . . . , ψn )

)�$:+�,
S
xUF

M y � m�n F
��E

F +�,�G�H��
a, b ∈ S

)�$:+
F (ϕi(a, b)) = ψi(F (a), F (b))
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� ��, o�.�N ª F
&�I/J�K�L�M

(homomorphism)
N�����/

® k�N�m�n F
��OU)

S
x�F

M y ��A�|I{���N ª J�K�L�M (isomorphism)
NH-�- ^ S N M ��JK

(isomorphic) w 0�.�NH-�- ^ S ∼= M
NH± 9 /

R�S�T�V
1.1 2

u��������
S = ( S ; ϕ1, . . . , ϕn )

N
(M ; ψ1, . . . , ψn )

� . )$® k�N�m�n F
�

E F +�,�-�.�/�����N ª M ′ = F (S), ψ′

i
= ψi|M ′×M ′

N 8:9 N ªr^ (M ′ ; ψ′

1, . . . , ψ
′

n )
¬H����� w0�. ; &�P�Q�/1���

M ′
&
S
�
F
��Pr.�® k�N�n NQ-�- ^ S N M ′

N���I�J�K
(homomorphic) w0�.UNH- û ; ¬�0�.�/

ý
1.4 ϕ : R2 → R

& � ����R��:NHoU.�/ R+ = {x ∈ R | x > 0}
N�+ ^

ψ : R
+ × R

+ → R
+ & � �*��S��:NHo1.�/ R

x�F
R

+ y � m�n F
&
F (x) = ex w Y���o�.*N ^G�HU� � � x, y

)�$:+
F (ϕ(x, y)) = ψ(F (x), F (y)) ( T ����U )

� ��, o�.�� w�^ ( R ; + )
N

( R+ ; · )
� k�N�w 0�.�/�V�W�ø�)�� R � � f N R+ � � h � k�X��5U&�+�,�-�.�NH- û ; � w�ª .�/

� ��� f   h 4�B�� a+ b = b+ a
��­�4�q�s�&�¬�èv,�-�.�/:��� w K�÷�� ��� ) i +�,�²�u�x��qIs�)�Y�'�&�u 
 , 8:9 /

( S ; ϕ )
&������:NHo�.�/

(1)
G?H1�

x, y, z ∈ S
)Z$ +

ϕ(ϕ(x, y), z) = ϕ(x, ϕ(y, z))
&Z61��o:N ª�^�[D\?]�^ (assosiative

low)
� ��, o�.�NH- ûé/

(2)
G�H��

x, y ∈ S
)�$:+

ϕ(x, y) = ϕ(y, x)
&�6���o:N ª�^�_�`�]�^ (commutative low)

� ��,
o�.�NH- ûü/

(3)
0�.

S
� _ e

��p��$q�s�&�t�u:N ª�^���� ϕ
) i o�.�a�bDc (unit)

NH- û
;
G�H*� _ a ∈ S)�$:+

ϕ(a, e) = ϕ(e, a) = a
� ��, o�.�/

(4)
|�d _ ��E F &�eIY�oU.r/�0I. _ x

)f$:+
ϕ(x, y) = ϕ(y, x) = e

N�4v. _ ��E F o�.UN ª�^ �� _ & ��� ϕ
) i o�.�g�c (inverse element)

NH-�-
x−1 w�� o$/
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