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�\�p�Y�������4�������"�O�n�������p�����1���{���O�n��� �
���������'  t�u �¢¡{£*¤¥� uy¦p§H¨ � uw�ª©�| £ �
���«��������¬ x:u � uy��x�t�­ ¬\® �
���J¯{�±° | £H² ©�| £�³@´ §Rµ~tp��uw�«x�t ³ �
¯{���/£·¶¸�:² }R| ² z £�³L¹ vyx�º�x ³ �»uy��x�t ³ ¼
¯{�«���±° | £H² ©�| £�³@´ §Rµ~tp��uw�«x�t ³ ¼
¯{�J¯{��´�£*²ª�½¬ §�} £�³y³ ��uw§ £ u\z £*²«��� |{¾ ³y� t~} £ ¿
¯{� � ���/£�³@À��:Áp²«£�³ z £*Â §Hvy��uw§�ÃFÄ � vwt � |pÅ�¦�Æ ¿
¯{� � �±° | £H² ©�| £�³@À�� |{uyx ² x�Å�� £�³ Ç
� ������À ¦p§Hx�vw� £ z £�³LÈ t ³a£ ¨ Áp²«£�³ Ç
� �«���±° | £H² ©�| £�³@´ §Rµ~tp��uw�«x�t ³ Ç
� �J¯{�ÉÈ t ³a£ ¨ Áp²«£ z £Y³ º � vwuw� £�³ Ê
� � � �±¶¸� vyzp��t ��² ��uw§ Ê
� ���/£�³ x�º"§�v � uw�«x�t ³ Ê
� �«�����/£ }Rx�¨�º ² §H¨ £ t�u

{A

Ê
� �J¯{����Ë |~tp��x�t

A ∪ B
Ê

� � � ����Ë �«t1u £ v ³w£ }Ruw�«x�t
A ∩ B

Ê
� � � ����� z{�»ÌÍ§Hv £ t"} £

A\B �YÎ
� �J¼{����� z{�»ÌÍ§Hv £ t"} £*³a  ¨�§Ruyvw�ª©1| £

A∆B
�YÎ

¼{���/£�³@Ï@£�²«� uw�«x�t ³ �YÎ
¼{�«�����/£ ºpvwx{z{|~�»u\} � vwuw§ ³ � £ t �YÎ
¼{�J¯{���/£�³ ºpvyx�º~vw�«§Ruy§ ³ z £�³ v £�²«� uw�«x�t ³ z £

A×B
���

¼{� � ���/£�³ ºpvyx�º~vw�«§Ruy§ ³ z £�³ v £�²«� uw�«x�t ³ z £
A×A

Ã
A2 Æ ���

¼{� � �±° | £H² ©�| £�³ v £H²ª� uw�«x�t ³ º � vwuw�ª}R| ² ��Ð�v £Y³ z £
A×A

Ã
A2 Æ ���

Ñp���/£�³P�' {³ uw§�¨ £Y³P® x�vw¨ £�²«³ ���
¿'��Ï § ³ x ² |{uw�«x�t0z £�³P¹ vwx Áp² ÐH¨ £�³ �6¯
¿'�«���ÉÈ u � º £�³ z £ vw§ ³ x ² |{uy��x�t �6¯

�\�p�Y�$Òr���\Ó����6�F�����Ô�1���O�n��� � �
Çp���/£�³ tpx�¨ Á v £�³ t~§HÅ � uw��Õ ³ � �
Êp����Ë � vw��uw¦~¨½§Huw�ª©1| £ z £�³ º � v £ t1uw¦pÐ ³a£Y³ � �
��Î~���/�½Ö¢�:²«£ |pv ��Á~³ x ² | £ � �
�������/� ¨×| ² uy��º ² �ª} � uy��x�t � �
�Y¯p���r£Y³ ºp|p� ³w³y� t~} £�³ � �
� � ���r£ } ��³ z £*Ø §�vwx �6¼
� � ���r£ } ��³ z £*²WË �«t{µ~tp� �6¼
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�Y¼p� ºpºÍ}R¨��pºpÅ1}Hz £ u\z{§�tpx�¨��«t � u £ |pvP}Hx�¨�¨×|pt �6¼
�Y¼p�����É�r£�³ t~x�¨ Á v £Y³ ºpv £ ¨�� £ v ³ �6¼
�Y¼p� ¯p�É®~� }Ruwx�vw� ³w� uw�«x�t�z Ë |~t £ t1uw� £ v �6¼
�Y¼p� � � ºpº�}H¨±ÃFº ² | ³ º £ uw��u�}Rx�¨�¨×|pt�¨×| ² uw�«º ²«£ Æ �6¼
�Y¼p� � � ºpÅ�}�z ÃFº ² | ³ Å�v � t~z�}Rx�¨�¨×|pt0z{� Ö � ³w£ |pvDÆ �YÑ
�Y¼p� ¼p�É´ §�tpx�¨��«t � u £ |pvP}Hx�¨�¨×|pt �YÑ
��Ñ~���/� ºpvy��x�vw��uw§�z £Y³ x�º�§Hv � uy��x�t ³ �YÑ
��Ñ~�����É�r£�³L£H¡ ºpv £Y³w³ �«x�t ³L� vy��uw¦p¨�§Ruy�«©1| £Y³L£ u ² x�Å��«©1| £Y³ �YÑ
��Ñ~� ¯p�É�r£�³ º~vw§�¨½� ³y³a£Y³ �YÑ
��Ñ~� � �É�r£�³@�:¡ ��x�¨ £Y³ �'uy¦p§Hx�vwÐ�¨ £�³ �pz{§Rµ~t~�»uy��x�t ³L£ uPºpvyx�º~vw�«§Ruy§ ³ �¢¿

�\�p�Y� �/���\Ó��"!F�$#�%��¢� �YÇ
�6¿{���r£Y³@³ uyvw|~}Ruw|pv £�³ �YÇ
�6¿{����� s8t�uyvwx{z{|"}Duw�«x�t �YÇ
�6¿{� ¯p�É�r£ ¨�x�tpx�&Wz £

(A, ◦, n)
�YÇ

�6¿{� � �É�r£ Å�vyx�|~º £
(A, ◦, n)

�YÇ
�6¿{� � �É�r£ Å�vyx�|~º £ }Rx�¨½¨·|{u � uw��Õ

(A, ◦, n)
�YÇ

�6¿{� ¼p�É�gË � tpt £Y� |
(A, +, ∗, opp, inv)

��Ç
�6¿{� Ñ~�É�r£ }Rx�vwº ³

(A, +, ∗, opp, inv)
��Ç

��Ç~���r£Y³ �«z £ t1uw��uw§ ³ v £ ¨ � vy©1| ��Áp²«£�³ �YÇ
��Ê~���/� vy§ ³ x ² |{uw�«x�t�z £�³ §Y©1| � uy��x�t ³ �YÊ
��Ê~�����É�r£�³ º~vw�«t~}R�«º £�³ z Ë §�©1|p� Ö¢�:²«£ t~} £ �YÊ
��Ê~� ¯p�É�r£ ºpvy��t"}R�«º £ z £ z{� ³(' x�t~}Ruw�«x�t �YÊ
��Ê~� � �É�r£�³ §Y©1| � uy��x�t ³@³ �«tpÅ�| ² �«ÐHv £�³ z � t ³*) �YÊ
��Ê~� � � ¶¸��³ º � vauy�«}H| ² � £ v ³ �YÊ

�\�p�Y�,+����4�Ô���1���Ô�1�H�¢�O� ¯�Î

�\�p�Y�"-r���4���4��.��$!F���"�O� ¯p�
Ï@£ Õ £ v £ t~} £�³ ¯�¯
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� lnm��Ík������"m
	�k�l
�r£ ¨ £ ¨�x�v  �� ' x�Å�Å £ v½º~vw§ ³a£ t�u £ |pt £¥² � ³ u £ z £ Õ�x�¨×| ²«£�³�£ u�z £ z{§Rµ~t~�»uy��x�t ³ � }�}Rx�¨½º � Å�t~§ £�³ z Ë £H¡'£ ¨�º ²�£Y³ £ u
z Ë |pt�¨���t~��¨·|p¨ z Ë £H¡ º ² �ª} � uw�«x�t ³�� s ²�� º"x�|pv Á |pu�z Ë £ t1uwv £ u £ tp�«v ²«£�³ }Hx�tpt � � ³w³y� t~} £�³ Ã�
���
���������������� �!�{Æ ��¶4£
z{x{}R|~¨ £ t1uLt £�³�Ë � z{v £�³y³a£ z{x�t"}�º ��³L� | ¡ t~§Hx�º~¦   u £�³ �{¨ � � ³¸Á � £ t#"×uwx�| ³ } £ | ¡ ©1|p�nx�t1u@z{§ ' " ³ |p� Ö � ²«£�³ }Rx�|pv ³
}Rx�vwv £�³ º�x�t~z � t1u ³��4¬ § � tp¨�x���t ³\³ ��} £ vwu � ��t ³ º�x��«t�u ³ z £�Ö¢� � £ t1u\v £�³ u £ v � vyzp| ³ �"tpx�| ³ ºpvyx�º�x ³ x�t ³@� | ¡0²�£ }Du £ |pv ³
z £ v £ ºpv £ t~z{v £·³ x�t � ºpºpv £ t1uy� ³y³w� Å £��6Ö�£ }×z £·Á x�tpt £�³ vw§HÕ�§Hv £ t~} £�³ ��z £ }Hx�t ³ | ² u £ v	|pt £½Á x�tpt £½£ t"}   } ² x�º�§�z{� £ å
x�|0z £ uyvwx�| Ö�£ vLz £*Á x�t ³ ¨ � uw§�vw� � | ¡ º"§Yz � Å�x�Å��«©1| £Y³4³ |pv@�«t�u £ vyt £ u � �

¬ x�| ³ u £ t1u £ vwx�t ³ z Ë |{uw� ² � ³w£ v ²ª� ºpvyx�Å�v � ¨½¨ � uw�«x�t }Hx�¨�¨ £ ¨�x  �£ t z Ë £R¡ ºpv £�³y³ �«x�t � £ u�º"x�|pvT©�|~x��@º ��³ � | ³y³ �
}Rx�¨�¨ £ x�|{uw� ² z £ z £ ¨�x�t ³ uwv � uy��x�t �

¬ x�| ³ |{uy� ² � ³w£ vyx�t ³�� |{u � t1uc©1| £ Õ � ��v £¸³w£ º £ |{u ²ª� tpx�u � uw�«x�t�­ ¬�® � º"x�|pv £R¡ ºpvy��¨ £ v ²ª��³a  t1u �:¡{£ z £Y³c³ uyvw|"}Duw|~v £Y³
z{§Y}Rvy�»u £�³ � £ uPtpx�| ³L£ ¨�º ² x�� £ vyx�t ³¸²«£�³@²ª� t~Å � Å £�³4¹g  uw¦px�t%$ £ u ¹ vwx ² x�Å!&gº"x�|pvP}Rx{z £ v ²�£Y³@�:² Å�x�vy��uw¦p¨ £�³��
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���«��� �4�����"���{�Y�F�����������
� Ö�£ }�|pt £ t ³w£ ¨ Á~²�£ v £Y³ uyv £ ��t1u½z £ ¨ £ u �9�8³a  ¨ Á x ²�£Y³ � ²ª� tpx�u � uw�«x�t�­ ¬\® º £ vy¨ £ u�z £ z{§Rµ~t~��v ²�£Y³ vwÐ�Å ²«£�³ z £
ºpvyx{z{|~}Duy��x�t�z £�³ Å�v � ¨½¨ � ��v £�³ ��tpÕ�x�vy¨ � uw�ª©1| £�³��c�r£�³L£H¡ u £ t ³ �«x�t ³ t £�³w£ vyx�t1u@º ��³ |{uw� ² � ³ § £�³��
����� �������O���4� �/£�³ ¨�§Ru �9�8³a  ¨ Á x ²�£Y³ ­ ¬�®�³ x�t1u"!

#$#&% ' £�³ uPz{§Rµ~t~�/}Rx�¨½¨ £ '( ��² u £ vyt � uy� Ö�£
)+*�,.-0/ zp§Htpx�¨½�«t � uw�«x�t0z £�³P³w  ¨ Á x ²«£�³ tpx�t � u £ vy¨���t � | ¡

�21r�p� . !F��� )43�5�68793�:$:$;+,<*>=�?.-�@9A8?$/ #$#&% =4?.-�@8A8?B)$=�;4:.C93�A83�:D6�?�79?E-0F�C$7939:�/ # )43<5468793�:4:8;+,<*�/
���J¯{�HG ��� !F�n���$I����4�J�����Y�F���KI��
° | £�²c£�³ u ²OË x Á�'A£ u×z £�³*¤-� uw¦~§H¨ � uy�«©1| £Y³ML �/£�³ ¨ � uw¦p§�¨ � uw�ª}R� £ t ³*³�Ë � uau � }T¦ £ t1u�º~vw�«t~}R�«º ��²�£ ¨ £ t1u "0§ ²«��Á x�v £ v
z £Y³ uy¦p§Hx�vw� £�³ v £H²ª� uy� Ö�£�³ "·z £Y³@³ uyvw|"}Duw|~v £Y³4��Á~³ uyv � �»u £�³ Ã £�� Å �c²�£Y³ t~x�¨ Á v £Y³�£ u ²«£�³ µ"Å�|pv £�³ Å�§�x�¨�§Ruyvw�ª©1| £�³ Æ � s ²«³
}Rx�t ³ uwvy|p� ³w£ t1u � ��t ³ ��z £�³�£ t ³w£ ¨ Áp²�£Y³ }Hx�t ³ � ³ u � t1u ³ z £ Õ�x�vy¨×| ²�£Y³g£ t�|puw� ² � ³w� t1u ²«£ Õ�x�vy¨ �:² � ³ ¨ £P£ u ²�£Y³ ¨�§Ruy¦px{z £�³
z £*²ª�½² x�Å��ª©�| £��
����� �������O���4� )�N8,�7+-9O�=438/ #4#&% )+6879,<6$70;+P�C9P$/ ( )9Q<?8=9QEO�=$/
�r£Y³ Õ�x�vw¨·| ²«£�³ º £ vw¨ £ uwu £ t�u�z Ë £R¡ ºpvy��¨ £ v×u � t1u ²«£�³���³ º £ }Ru ³½³ uyvw|~}Ruw|pv £H²ª³ Ã )+6878,<6870;+P<C9P8/ Æ\©1| £�²«£�³���³ º £ }Du ³
Õ�x�t"}Duw�«x�t~t £H²ª³ Ã )9Q<?8=8Q.O�=$/ Ægz £Y³ ¨ � uw¦~§H¨ � uy�«©1| £Y³H�
����� �������O���4� )+6879,<6$70;+P�C9P$/ #$#&% )4?<50;+,.-03$/ ( )+C4R�P$,�78F.-038/ ( )9Q<,+*�S$3�QTC�O87938/
�r£Y³ ºpvyx�ºpvy��§Huw§ ³ � £H¡ ºpvw�«¨�§ £Y³*³ x�| ³�²«� Õ�x�vw¨ £ z £ ºpvyx�º�x ³ ��uw�«x�t ³�£ u×z £ ºpvy§�z{�ª} � u ³ � ³ x�t1u ³ x���u � zp¨½� ³w£�³ u £�²�²«£�³
©1| £H²«²«£�³ Ã )�?�50;+,.-�38/�U Æ�� ³ x���u/z{§Hvy� Ö § £Y³ º � vrzp§H¨�x�t ³ uwv � uy��x�t½Ã )<C�R�P$,�79FE-038/�V Æ�� ³ x��»u�"@zp§H¨�x�t1uwv £ vgÃ )9Q+,<*�S$3�Q.C4O87938/ Æ �
����� �������O���4� )9Q<?8=9QEO�=$/ #$#W% )�P�X9?8=�;EC9P8/ ( )43�546$793�:$:8;T,<*�/ ( )4?8=+X9,�70;.C�R<-038/
�r£Y³ } ��² }H| ²«³@� | ³w£ t ³@²«� vwÅ £ }Hx�t~} £ vyt £ t1u ²�£Y³ uwv � t ³ Õ�x�vw¨ � uy��x�t ³ z £�³ x Á�'A£ u ³ ¨ � uw¦~§H¨ � uy�«©1| £Y³H�
����� �������O���4� )4P�X9?8=9;.C9P8/�Y #$#&% )4?4N4N83�QTC9?<C0;+,<*�/ ( )�;TA83<*$C0;.C9P8/ ( )4P�Z�O�?�C0;T,<*�/
�r£ } �:² }R| ²r²«£ º ² | ³P³ ��¨�º ²«£ }Rx�t ³ � ³ u £	£ t ²«� ¨�� ³a£*£ t�v £H²ª� uy��x�t$z Ë x Á	'A£ u ³ §Y©1|p� Ö¢��²�£ t�u ³H�
����� �������O���4� )4?4N$N839QTC9?�C0;T,<*�/ #$#&% )<[9?�7�;+?<@�=43$/ % )�3�54687939:$:8;+,<*�/
�gË � Ì £ }Ru � uw�«x�t £�³ u ²OË x�º�§Hv � uy��x�t�º £ vy¨ £ uau � t1u\z Ë ��³y³ �«Å�t £ v ²�£ vy§ ³ | ² u � uPz Ë |pt�} ��² }H| ² z � t ³ |pt £�Ö¢� vy� ��Áp²«£��
�21r�p� . !F��� : %]\ Q<39Q8;D3�:TC�O$*�3^Q.R�?�_E*�3�A83`Q<?�78?�QTC9F�783�: a \
����� �������O���4�2b\t £ ;TA83+*8C0;.C9P £Y³ uP|pt £ §�Å ��² ��uw§��«t Ö¢� vw� � t1u £ ©1| £�² ©1| £*³ x�� £ t1u ²�£Y³LÖ6��²�£ |pv ³ z £�³LÖ¢� vy� �:Áp²«£�³��
�21r�p� . !F���

(a + b)2 = a2 + 2ab + b2

����� �������O���4�2b\t £ P4Z�O9?�C0;+,<* £Y³ uP|pt £ §�Å ��² ��uw§*©1|p� ³w£ vw§ �:² � ³w£ º"x�|pvP} £ vau � �«t £�³¸Ö¢�:²«£ |pv ³ z £Y³LÖ6� vw� �:Á~²�£Y³H�
�21r�p� . !F���

x2 + 1 = 0
� ³w£ vw§ �:² � ³w£ º"x�|pv

x ∈ {−i, i} �
����� �������O���4�cbPt £ 3�54687939:$:8;+,<* £Y³ ur|~t £ }Rx�¨ Á �«t � � ³ x�t�z £�³w  ¨ Á x ²�£Y³n�6Ö�£ }�z £�³ x�º"§�v � u £ |~v ³Í£ t Ö | £ z Ë x Á u £ tp�«v
|pt0vy§ ³ | ² u � u@ºpvy§�}H� ³��
�21r�p� . !F���

1 + 1
� � º�x�|pv\vw§ ³ | ² u � u

2
�

�21r�p� . !F���
lambda n : n ∗ n

� � º�x�|pv@vy§ ³ | ² u � uL|~t £ Õ�x�t~}Ruw�«x�t0©1|p�/} ��² }H| ²«£	²«£ } � vwvy§�z £
n
�

�21r�p� . !F���
(lambda n : n ∗ n)(2)

� � º�x�|pv@vy§ ³ | ² u � u
4
�

U BDX�Z6V8[¢S6U NOUJBDS1i
V BDX�`J>A?@?@>edH_6CFBD_:BDMWU NOUJBDS4d¢dABDCFBD`J`eQTUJCO>Di
Y %"] BD_�VACOQyNWUJBDS·f�XYU"CF>8NWBDX6CFS6>

V f I COQTUhg.`JBDCOMOf�X6>¸`J>aMgâ\?@>A?¸h6CF>AM.Z6>L`ª]D3�iRÚ�. 6»Û 3LMWBDSRN�UJZ6>ASHNOUJfHX6>AM�>8N F fkj QTXY^.g.MWUJS6BDS4d1>AMONmldABDS6MWUJZYVaCF>AC�dABD?@?@>�XYS6>c>8^Y_6CF>AMWMOUJBDS�h:B�BD`JVA>AS6S6>g>8N/S6BDS�dABD?@?@>�X6SY> 3yKRQT`JU N/3nl4_6COBD_YCO>A?@>ASHN�_¢QTCF` 3wi
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p V V F F A
q V F V F B� ¾�vy¨ � uw�«x�t�}Rx�¨½º ² ÐHu £

V V V V p ∗ q
�
p > qzp� ³(' x�t~}Ruw�«x�t Ã�x�|$�«t~} ² | ³ ��ÕyÆ

V V V F p ∨ q
�
p + q

Ã�x�vDÆ
A ∪ B}Hx�t1uwv £-� �«¨½º ² �ª} � uw�«x�t ÃF��¨�º ² �ª} � uy��x�t�}Hx�t Ö�£ v ³w£ Æ

V V F V p ⊂ q
�
p ⇐ q A ⊇ B

V V F F p
�
p[q]�«¨�º ² �ª} � uw�«x�t

V F V V p ⊃ q
�
p ⇒ q A ⊆ B

V F V F q
�
q[p]§Y©1|p� Ö¢��²�£ t~} £

V F F V p ≡ q
�
p ⇔ q

Ã ³y³ �&Æ
A = B}Rx�t ' x�t~}Ruw�«x�t�Ã £ uTÆ

V F F F p ∧ q
�
p . q

Ã � t~z~Æ
A ∩ B��t~}Hx�¨�º � uw� Á � ² ��uw§

F V V V p | q
ÃFt � t"z~Æ

��² u £ vyt � t"} £ Ã�x�| £H¡ } ² | ³ ��ÕyÆ
F V V F p w q

�
p ⊕ q

Ã ¡ x�vDÆ
A 4 Btp§�Å � uy��x�t�z £

q F V F V qtp§HÅ � uw�«x�t0z £�²WË �«¨�º ² �ª} � uw�«x�t
F V F F p ; q A ⊃ Btp§HÅ � uw�«x�t0z £

p F F V V ptp§�Å � uy��x�t�z £*²«� }Rx�t1uwv £-� ��¨�º ² �«} � uy��x�t
F F V F p : q A ⊂ Bv £ 'A£ u
F F F V p ↓ q

Ã�t~x�vDÆ
tp§HÅ � uw�«x�t�}Rx�¨½º ² ÐHu £

F F F F p ◦ q
�
p ⊥ q

¯{� � �HG ��� !F�n���$I·�¸�p�����$!F���"�O�$I��
º~vw�«t~}R�«º £ z £*²«� z{x�| Áp²«£ tp§HÅ � uw�«x�t ` p ≡ p

º~vw�«t~}R�«º £ zp|$uy� £ v ³L£H¡ } ² | ` p ∨ p ≡ V

² x��rz £ t~x�t � }Rx�t�uyv � z{�ª}Duw�«x�t ` p | p ≡ V

² x�� ³ z £*´�£�¤ x�vyÅ � t ` p | q ≡ p ∨ q

` p ↓ q ≡ p ∧ q

vyÐHÅ ²�£ z £*²ª� }Rx�t1uyv � º"x ³ ��uw�«x�t ` p ⊃ q ≡ p ⊂ q

vyÐHÅ ²�£ z{|0¨�x{z{| ³ º�x�t £ t ³ ` ((p ⊃ q) ∧ p) ⊃ q
p ⇒ q
p
q

vyÐHÅ ²�£ z{|0¨�x{z{| ³ uyx ²«²�£ t ³ ` ((p ⊃ q) ∧ q) ⊃ p
p ⇒ q
q
p

vyÐHÅ ²�£ z{|0¨�x{z{| ³@Á~� v Á"� v � ` ((p ⊃ q) ∧ (q ⊃ r)) ⊃ (p ⊃ r)
p ⇒ q
q ⇒ r
p ⇒ r

vyÐHÅ ²�£ z £*²ª� z{� ³ uwvy� Á |{uw� Ö �»uy§ ` p ∨ (q ∧ r) ≡ (p ∨ q) ∧ (p ∨ r)

` p ∧ (q ∨ r) ≡ (p ∧ q) ∨ (p ∧ r)

� ���m��� ���~k���	&o �/o~q���l/qHo���� � o~q
� �«���HG ��� !F�n���$I����4�J�����Y�F���KI��
����� �������O���4� )4P8=4P.-�3<*8C�:�/ #$#&% ( )�P8=4P.-03+*8C�/ ( )4P8=4PE-03<*8C�/ � )4P8=4PE-�3<*4C�:�/
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bPt £�² � ³ u £ z Ë § ² §H¨ £ t1u ³�£Y³ u�}Hx�t ³ uw��uw|~§ £¥³ x���u�z Ë � |~}R|pt § ² §�¨ £ t1u � ³ x��»u z Ë |pt ³a£ | ² § ² §�¨ £ t1u �¸x�| £ t~}Hx�v £ z £
º ² | ³ � £ |pv ³ § ² §�¨ £ t1u ³��
����� �������O���4� ´ §Rµ"tp�»uy��x�t £ t £R¡ u £ t ³ ��x�t�!
)43<*�:<3.-�@�=�3 3<*^3�5$C93+*0:8;+,<*�/ #$#&%�� )4P$=4P.-03<*$C�:�/�� ( � )4P8=4P.-�3<*8C�:�/��������

�21r�p� . !F���	�
= {0, 1, 2...}

� !O�"�"�¢���Y��� �/�F��� ��
9�/�����
�	����� 
����/��� ��� �%���/�����
����� �������O���4� ´ §Rµ"tp�»uy��x�t £ t�}Rx�¨½º~vw§�¦ £ t ³ �«x�t !

)43<*�:<3.-�@�=�3 3<* Q<,.-�6$79P<R�3<*�:8;+,<*�/ #$#&% � )<A8P�Q�=4?<79?�C0;+,+*�/ # )+6$79,<6870;TP�C9P8/�� (
� )�3�54687939:$:8;+,<*�/ # )9Q<,<*$C$79?�;E*$C938/��

�21r�p� . !F���
l′ensemble des nombres premiers = {n ∈ � ∗ : n n′est divisible que par 2 nombres distincts}

m12 = {12 ∗ k : k ∈ ) }
� !O�"�"�¢���Y��� �/�ªÒr��� � ����
9���������! #"/�%$'&)(+*�, �-�9� � � � ��
9� ���-�.&-/)( � �8�%01,2� �
� �J¯{� � �KIY�'� % !F� ���4I ..�{�6���O�4I��

ÃF� ��� Æ ∀A : ℘A = { Ai : Ai ⊆ A }
Èc¡{£ ¨�º ²«£ !

A = {0, 1} ⇔ ℘A = {∅, {0}, {1}, {0, 1}}
� � � � �·�{�	��� ���	!F�F�����

Èc¡{£ ¨�º ²«£ ! |∅| = 0
£ u |{∅}| = 1Èc¡{£ ¨�º ²«£ ! | � | = ∞ � | ) | = ∞ £ u | 3 | = ℵ1Èc¡{£ ¨�º ²«£ ! |℘A| = 2|A|

� � � o~q�k����%� � m
	�k�l/q
� �«��� �4� ����� . !F�'�Ô�$�Í�

{A

�

Ã�� ��� Æ
a ∈ {A ⇔ a /∈ A

� �J¯{� �\Ó��J���O���
A ∪ B

�

Ã�� � ¯ Æ
a ∈ A ∪ B ⇔ a ∈ A ∨ a ∈ B

� � � � �\Ó�� �Í�Y�1�.IY���:�Y�F���
A ∩ B

�

Ã�� � �1Æ
a ∈ A ∩ B ⇔ a ∈ A ∧ a ∈ B

� `eQ I QTCFUJh¢QT`J> Z549\.6�7�W-L@dABDSHNOUJ>ASHN�`eQ4`JUJMONO>98�:�;=<�;=>�;9?)?@;�?.A)B6i
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� � � � �4� �������1�¢�$�����
A\B �

Ã�� � �'Æ
a ∈ A\B ⇔ a ∈ A ∧ a /∈ B

Èc¡{£ ¨�º ²«£ !'� \{0}
� �J¼{� �4� �������1�¢�$������I��r�������¢�F�n���

A∆B
�

Ã�� � ¼ Æ
a ∈ A∆B ⇔ a ∈ A ∪ B ∧ a /∈ A ∩ B

¼p� � o~q���o ��� m
	�k�l/q
¼{�«��� �4� .��¢� ������� ���{�6���$IY�F�$�4�

•
Ã ¼p��� Æ

A × B = {(a, b) : a ∈ A ∧ b ∈ B}
Èc¡{£ ¨�º ²«£ !

• bPt £	��

�����������
R
£Y³ u@|pt ³ x�| ³,� £ t ³w£ ¨ Áp²�£ z Ë |pt0ºpvyx'zp|p�»u\} � vwuw§ ³ � £ t �

Èc¡{£ ¨�º ²«£ !
R = { (a, a), (b, a), (c, a), (d, a) } ⊂ A×A

• �r£�������������
 Ã
dom

Æ@z Ë |pt £ v £H²ª� uy��x�t £Y³ u ²WË £ t ³w£ ¨ Á~²�£ z £Y³ º"x���t1u ³ x�vy��Å���t £��
Èc¡{£ ¨�º ²«£ !

dom(R) = {a, b, c, d}
• �gË���������
 Ã

Im
Æ £Y³ u ²WË £ t ³a£ ¨ Áp²«£ z £Y³ º"x���t1u ³\� vyvw� Ö § £��

Èc¡{£ ¨�º ²«£ !
Im(R) = {a}
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¼{�J¯{� �4�4I .��¢��.��¢�F�1���$I ���$I½�¢� !F�{�Y�F���KI ���
A×B

�

• Ï@£H²ª� uy��x�t�uyx:u �:²«£ !
Ã ¼p� ¯ Æ ∀ a ∈ A, ∃ b ∈ B : (a, b) ∈ R ⇔ dom(R) = A

• ® x�t~}Duy��x�t�!
Ã ¼p� �1Æ ∀ a ∈ A, ∀ b, b′ ∈ B : (a, b) ∈ R ∧ (a, b′) ∈ R ⇒ b = b′

• � ºpº ² �ª} � uw�«x�t�Ã&Õ�|pt~}Ruw�«x�t��"¨ � º�x�|�¨ � ºpºp�«tpÅ £ t � t~Å ²ª� � ³ Æe!�Õ�x�t~}Duy��x�t�uwx:u �:²«£
Ã ¼p� �'Æ ∀ a ∈ A, ∃! b ∈ B : (a, b) ∈ R

• Ï@£H²ª� uy��x�t ³ |pv 'A£ }Ruw� Ö�£ Ã�x�t�uyx £ t � tpÅ ²«� � ³ Æ !
Ã ¼p� ¼ Æ ∀ b ∈ B, ∃ a ∈ A : (a, b) ∈ R ⇔ Im(R) = B

• Ï@£H²ª� uy��x�t$�«t 'A£ }Duw� Ö�£ ÃFx�t £ uyx½x�t £*£ t � t~Å ²ª� � ³ Æe!
Ã ¼p� Ñ Æ ∀ a, a′ ∈ A, ∀ b ∈ B : (a, b) ∈ R ∧ (a′, b) ∈ R ⇒ a = a′

• Ï@£H²ª� uy��x�t Á � 'A£ }Duw� Ö�£ !
Ã ¼p�J¿ Æ

R est surjective ∧ R est injective
¼{� � � �4�4I .��¢��.��¢�F�1���$I ���$I½�¢� !F�{�Y�F���KI ���

A×A
!
A2 $¢�

• Ï §�� £R¡ � Ö ��uw§�!
Ã ¼p� Ç Æ ∀ a ∈ A : (a, a) ∈ R

• �'  ¨�§Ruwvy� £ !
Ã ¼p� Ê Æ ∀ (a, b) ∈ R : (b, a) ∈ R

• À v � t ³ ��uw� Ö �»uy§<!
Ã ¼p���YÎ Æ ∀ (a, b) et (b, c) ∈ R : (a, c) ∈ R
¼{� � �HG ��� !F�n���$I×�¢� !F�p���F���JI ..�{�6��� ��� !F� #��¢�$I ���

A×A
!
A2 $6�

• Ï@£H²ª� uy��x�t ³ z Ë x�vTz{v £ !
Ã ¼p����� Æ

R est une relation d′ordre ⇔ R est antisymétrique et transitive

• Ï@£H²ª� uy��x�t ³ z Ë §�©1|p� Ö¢�:²«£ t~} £ !
Ã ¼p���6¯ Æ

R est une relation d′équivalence ⇔ R est réfexive, symétrique et transitive

Ñp��� o~q ��� qRm
�9��o~q��4k��
�\o � q
Ñp� Îp�«�������	� �O� �H�[�9� ��
 �
���
����� �������O���4� A Ã �:² ºp¦ �:Á�£ uDÆ ! £ t ³w£ ¨ Áp²�£ µ~t~�/z £�³w  ¨ Á x ²�£Y³
�21r�p� . !F��� A = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9,−, .}
����� �������O���4�\¨�x�u !.}Hx�t~} � uy§Ht � uw�«x�t0z £*³a  ¨ Á x ²«£�³ z £*²OË �:² ºp¦ ��Á"£ u A
�21r�p� . !F���

3.1415
£Y³ u@|pt0¨�x:u Á"� uw��u ³ |pv ²OË �:² ºp¦ ��Á"£ u A

����� �������O���4� |mot| ! ² x�tpÅ�| £ |pv@z{|0¨�x:u×Ã�� � £��c²«£ tpx�¨ Á v £ z £�³w  ¨ Á x ²«£�³ Æ
�21r�p� . !F��� |3.1415| = 6
����� �������O���4�

ε
!c¨½x�u\z £*² x�tpÅ�| £ |pvLt'| ²«²�£

�21r�p� . !F��� |ε| = 0
����� �������O���4� Ai

! £ t ³w£ ¨ Áp²�£ z £�³ ¨�x:u ³ z £*² x�tpÅ�| £ |pv
i
Ã
i ≥ 0

Æ
�21r�p� . !F��� A0 = {ε} £ u A1 = A
����� �������O���4� A∗ ! £ t ³w£ ¨ Áp²«£ z £ uwx�| ³L²�£Y³ ¨�x:u ³ }Hx�t ³ uw|~�»u ³@³ |pv ²WË �:² ºp¦ �:Á�£ u A Ã A∗ =

⋃

i≥0 Ai
Æ
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�21r�p� . !F��� {0, 1}∗ = {ε, 0, 1, 00, 01, 10, 11, 000...}����� �������O���4� L Ã ²«� tpÅ � Å £ Æ�! £ t ³a£ ¨ Áp²«£ z £ ¨�x:u ³ Ã L ⊆ A∗ Æ
�21r�p� . !F��� {000, 001, 002} £�³ uP|pt ²«� tpÅ � Å £	Á~� uy�»u ³ |pv ²WË ��² ºp¦ �:Á�£ u {0, 1, 2}
����� �������O���4� G Ã�Å�v � ¨½¨ � ��v £ ÆH! £ t ³w£ ¨ Áp²«£ z £�³ vyÐHÅ ²�£Y³ z £ º~vwx{z{|~}Ruw�«x�t�z{§Hµ~tp� ³w³y� t1u@|pt ²«� tpÅ � Å £ L
�21r�p� . !F���

<mot>::= 000|001|002
z{§Rµ~t~�»u�uwx�| ³@²�£Y³ ¨�x:u ³PÁ~� uw� ³\³ |pv {0, 1, 2} z £ � ³a  ¨ Á x ²«£�³P£ u	}Hx�¨ �

¨ £ t ��� t1u@º � v
00

����� �������O���4� M ÃF¨ � }T¦p�«t £ Æ !�ºpvyx{}R§Yz{|pv £ zp§�}R�ªz � t�u ³ �c|pt�¨�x:u � ºpº � vwuw� £ t1u*x�| t Ë � ºpº � vauy� £ t�u*º ��³ "�|pt
²ª� tpÅ � Å £ L
�21r�p� . !F���

0 0 1

0

2�21r�p� . !F��� =4?.-9@9A8? 5 # � =43<* � 5 � %$%�� � ?<*9A � 5�� �m#����$%4%	� �#�
� � ?<*8A � 5�� ��� ;E*�� � �
�����)	
�#�����
��� �

¿'� � �"q�k � �rm
	�k�l ��o~q����Ík � ��� �\o"q
¿'�«��� ������.4�4I ���0�¢�4IY�$!F�����F���4�

Èc¡{£ ¨�º ²«£�� !
� =BN8?+O8C���� @
;4:$Q.O0;.C�: 6�,+O87�*�,<O87$7�;.7 	4� Q.R
;+3<*�: 3�C Q.R�?�C�: ���8,.-�@0;+3<*
� ?��.C��4;<= A83^Q.R
;+3<*�: 3�C>A83 QER�?�C�: � 3+*]:<?9Q.R�?<*8C�Z�O � O$* Q.R0;+3<* -0?<*$X93���@
;�:$Q.O
;.C�:
3�C>Z�O � O$* Q.R�?�C 3<* -0?+*8X93����

¿'�«���«����� �9
 � � �! ��� ���[��� � � � �/� �#"%$�
�� �
Èc¡{£ ¨�º ²«£�� !

& ;
x
=43�*�,.-�@$793�A83^Q.R�?�C�: � =43 *�,.-�@8783�A83 QER
;+3<*0: 39:TC ?8=4,�7�:

10− x
�

5x3�:.C Q+3>Z�O93D-�?<*8X93<*$C =43�:BQ.R�?�C�: 3�C
6(10−x)

3�:TC Q<3BZ�O�3 -0?<*$X93<*8C =439:>QER
;+3<*0: �
¿'�«���J¯{�(' �9��
�
)"D� � 
	�H�[�9� �

Èc¡{£ ¨�º ²«£�� !+* ? :<,$=+O8C0;+,+*>3�:TC>A8,<*4*�P$3 6�?�7`=4?^:<,8=TO8C0;+,<*�A83`= � P4Z�O�?<C0;+,<* :.O
;.[9?+*8C93
Ã ¿{��� Æ

5x + 6(10− x) = 58
¿'�«��� � �-, � ���)" � �H�[�9� �

Èc¡{£ ¨�º ²«£�� !

5x + 6(10 − x) = 58
Ã ¿{� ¯ Æ

5x + 60− 6x = 58
Ã ¿'� ��Æ

−x = −2
Ã ¿'� �1Æ

x = 2
Ã ¿{� ¼ Æ

* 3�*�,E-�@8793�A83^Q.R�?<C�: 3�:TC A8,<*0Q
2
3�C Q<3$=+O
;DA83�:BQ.R
;T3<*0: 3�:TC

8
�
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¿'�«��� � ��� � ��� � 
+
 � �[��� �
Èc¡{£ ¨�º ²«£�� !

2
QER�?�C�:�-0?+*8X93<*8C

5∗2 @
;�:$Q.O
;.C�:D3�C
8
Q.R
;+3<*�:�-0?<*8X93+*8C

6∗8 @
;4:$Q.O0;.C�:
Q<3�Z�O0; A8,+*$*�3 @
;+3+*

58
@
;�:$Q.O
;.C�:D?<O C9,�C9?8=��
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�\�p�Y� ¯p� �PÓ����¢�������Ô�1���O�n���
Çp��� o~q�l�k	� � �no~q½l���� � m�	��{q

Ã Ç~��� Æ
a = −a = 1 ∗ a

Ê~� ��� � ��	ªm
���2�{m�	����/o �/o"q�� � �noplnm
� � q�o~q

Ã Ê~��� Æ
[(a)] = (a) = a

�r£�³ º � v £ t1uw¦pÐ ³a£Y³ ��t1u £ v Ö�£ �«tpt £ t1uLz � t ³@²WË ��³w³ x{}R� � uy� Ö ��uw§ £ u ²ª� zp� ³ uwvy� Á |{uw� Ö �»uy§ �
Èc¡{£ ¨�º ²«£ !

a ∗ (−b) = a ∗ (1 ∗ b) = a ∗ 1 ∗ b = −a ∗ bÈc¡{£ ¨�º ²«£ ! −(a − b) = 1 ∗ (a + b) = (b − a)

��Îp� �����<��� o%�)� � ��qYk � �ro

Ã �YÎp�«� Æ |x| =

{
−x si x < 0

x si x ≥ 0

Ã �YÎp�J¯ Æ |a + b| ≤ |a| + |b|

Ã �YÎp� ��Æ |a ∗ b| = |a| ∗ |b|

����� ��� � � � m�	 � � 	Q� � m�	�k�l

Ã �����«� Æ n ∗ x = x + x + · · · + x
︸ ︷︷ ︸

nfois
�/� vwÐ�Å ²«£ z £�³@³ ��Å�t £�³ !

+ ∗ + = +
Ã ����� ¯ Æ

+ ∗ − = −Ã ����� �1Æ

− ∗ + = −Ã ����� �'Æ

− ∗ − = +
Ã ����� ¼ Æ

�6¯{� � o~q��%��	�q�q � l���o~q

Ã �6¯{�«� Æ xn = x ∗ x ∗ · · · ∗ x
︸ ︷︷ ︸

nfois

(x ∗ y)m = xm ∗ ymÃ �6¯{�J¯ Æ

xmxn = xm+nÃ �6¯{� ��Æ

(xm)n = xm∗nÃ �6¯{� �1Æ
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x0 = 1
Ã �6¯{�J¼ Æ

x−1 =
1

x
(∀x 6= 0)

Ã �6¯{� Ñ Æ

x−n =
1

xn
(∀x 6= 0)

Ã �6¯{�e¿ Æ

x
1
2 =

√
x

Ã �6¯{� Ç Æ
�/�L² � ³ u £ z £�³ } � vyvw§ ³ !

4, 9, 16, 25, 36, 49, 64, 81, 100, 121, 144, 169, 196, 225, 256, 289, 324, 361, 400...�r£�³ º~|p� ³y³y� t~} £�³ z £×¯ !
2, 4, 8, 16, 32, 64, 128, 256, 512, 1024...

� � ��� o � � q �/o��+�%�Ík

0n = 0 (∀ n > 0)
Ã � � ��� Æ

00 = ? (0 ou 1 ?)
Ã � � � ¯ Æ

0−n = ∞ ( ∀ n > 0)
Ã � � � �1Æ
Ã � � � �1Æ

0

0
= ? (0 ou ∞ ?)

Ã � � � ¼ Æ

� � ��� o � � q���o � � 	&l � 	&l)	

Ã � � �«� Æ ∞ /∈ ) (∞ n′est pas un nombre!)

1

∞ = 0
Ã � � �J¯ Æ

∞ ∗∞ = ∞Ã � � � �1Æ
∞
∞ = ?

Ã � � � �1Æ

�Y¼p� � �O�����
� ��� � o{m �K�pl/kK��	&l � mno%�)� ��kK�H� �rl
�Y¼p����� �4�$I ����� %��¢�$I .��¢�1���F�1�TI��

�r£ }Rvy� Áp²�£ z Ë È v � uy¦px ³ uwÐ�t £��
�/�L² � ³ u £ z £�³ tpx�¨ Á v £�³ º~v £ ¨½� £ v ³ Ã

pi

Æe!
2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47, 53, 59, 61,

67, 71, 73, 79, 83, 89, 97...

�Y¼p� ¯p� ��� �:�Y�~�¢� I��{�Y�F��� ��Ó«�K� �$�Í���O�1�1�
�gË �:² Å�x�vw��uw¦p¨ £ z Ë È |~} ² �ªz £��

Ã �6¼{�«� Æ ∀ n ∈ ) \{0} : n =

∞∏

i=1

pni

i

�Y¼p� � � . . ��� ! . !F�JI .��1���F� ���"�Ô� �J��� � !F��� . !F� $¢�

Ã �6¼{�J¯ Æ ∀ a, b ∈ ) \{0} : ppcm(a, b) =

∞∏

i=1

p
max(nai

,nbi
)

i

Èc¡{£ ¨�º ²«£ !
ppcm(21, 75) = 20315271110... = 525
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�Y¼p� � � ..� � � ! . !F�JI��~�¢�9� � ���"�Ô� �J�"�����r� IY�'�/� $¢�

Ã �6¼{� ��Æ ∀ a, b ∈ ) \{0} : ppcm(a, b) =

∞∏

i=1

p
min(nai

,nbi
)

i

Èc¡{£ ¨�º ²«£ !
pgcd(21, 75) = 20315070110... = 3

�Y¼p� ¼p� ���$�����Ô� ���{�Y�'�/�������Ô� �K�4�

∀a, b, c, d ∈ ) : a
b

+ c
d

=
a∗ ppcm(b,d)

b
+c∗ppcm(b,d)

d

ppcm(b,d)

��Ñ~����� �O��	�k���	ªm
� �/o~q�k �9�%� � m�	�k/l/q
��Ñ~����� �4�$I���1�.��¢�$I IY�F���KI½�{�¢���Y�������Y�F�n���$I·�1� !F���"�O�n���$I��

(1) (), [], {}, |a|
(2) an

(3) ∗,÷
(4)

∏
,
∑

(5) +,−,±
(6) =, 6=
(7) ¬
(8) ∧
(9) ∨
(10) ⇔,⇒Èc¡{£ ¨�º ²«£ !

Èc¡{£ ¨�º ²«£ !
2 ∗ (3 + 5) 6= 2 ∗ 3 + 5Èc¡{£ ¨�º ²«£ !

3x + 2 = 0 ⇔ 3x = −2
⇔ x = − 2

3 (− 2
3 /∈ ) )

⇒ Sol = φÈc¡{£ ¨�º ²«£ ! ∑n

i=0 aix
i = a0x

0 + a1x
1 + a2x

2 + · · · + an−1x
n−1 + anxn

Èc¡{£ ¨�º ²«£ !
∑n

i=1 i = n2+n
2 ⇔ ∑n

i=1 i = 1 + 2 + · · · + (n − 1) + n
⇔ ∑n

i=1 i = (1 + n − n) + (2 + n − n) + · · · + (n − 1) + n
⇔ ∑n

i=1 i = n2 + (1 − n) + (2 − n) + · · · − 1 − 0
⇔ ∑n

i=1 i = n2 + n − n − (n − 1) − (n − 2) − · · · − 1
⇔ ∑n

i=1 i = n2 + n − ∑n

i=1 i
⇔ 2

∑n

i=1 i = n2 + n

⇔ ∑n

i=1 i = n2+n
2Èc¡{£ ¨�º ²«£ !

a ∗ b = 0 ⇔ a = 0 ∨ b = 0

��Ñ~� ¯p� �4�$I .��¢�'�Ô� IEIY�4I��
(1) <,≤, >,≥,∈
(2) ∀, ∃, ∃!
(3) ,Èc¡{£ ¨�º ²«£ ! ∀ a ∈ �

, ∃! n ∈ �
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(1) pémisses, expressions arithmétiques et logiques
(2) :Èc¡{£ ¨�º ²«£ ! ∀ a ∈ �

, ∃! n ∈ �
: a + n = a = n + a
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�6¿'��� o~q�qRm�� ���"m
���no~q
�6¿{����� 
 �Í�H�¢� ���������F���4� b\t £*Á x�tpt £ �«t1uwvyx'zp|~}Duy��x�t ³L£�³ u\z{x�t~tp§ £ z � t ³ 
 �
� �
�6¿{� ¯p� �4�¥�Ô������� ���

(A, ◦, n)
�

interne : ∀ a, b ∈ A : a ◦ b ∈ A
Ã �¢¿'�«� Æ

associativité : ∀ a, b, c ∈ A : (a ◦ b) ◦ c = a ◦ b ◦ c = a ◦ (b ◦ c)
Ã �6¿'�J¯ Æ

neutre unique : ∀ a ∈ A, ∃! n ∈ A : a ◦ n = a = n ◦ a
Ã �6¿{� �1Æ

Èc¡{£ ¨�º ²«£�³ !
(
�

, +, 0)
£ u

(
)
, ∗, 1)

�6¿{� � � �4�¥�"�6��� .��
(A, ◦, n)

�

(A, ◦, n) est un monoïde.
Ã �¢¿'� �1Æ

symétrisable : ∀a ∈ A, ∃! s ∈ A : a ◦ s = n = s ◦ a
Ã �¢¿'�J¼ Æ
�6¿{� � � �4�¥�"�6��� .�� �����Ô� �/�Y�{�����

(A, ◦, n)
�

(A, ◦, n) est un groupe.
Ã �¢¿'� Ñ Æ

commutativité : ∀a, b ∈ A : a ◦ b = b ◦ a
Ã �6¿{�J¿ Æ

Èc¡{£ ¨�º ²«£�³ !
(
)
, +, 0)

£ u
( � \{0}, ∗, 1)

�6¿{� ¼p� �\Ó��9�J���1�~�
(A, +, ∗, opp, inv)

�

(A, +, opp) est groupe.
Ã �¢¿'� Ç Æ

(A, ∗, inv) est un monoïde.
Ã �¢¿'� Ê Æ

distributivité : ∀a, b, c ∈ A : a ∗ (b + c) = a ∗ b + a ∗ c
Ã �6¿{���YÎ Æ

Èc¡{£ ¨�º ²«£ !
(
)
, +, ∗, 0, 1)

�6¿{� Ñ~� �4� ���"� .JI
(A, +, ∗, opp, inv)

�

(A, +, opp) est groupe.
Ã �¢¿'�«��� Æ

(A\{opp}, ∗, inv) est un groupe.
Ã �¢¿'�«�Y¯ Æ

distributivité : ∀a, b, c ∈ A : a ∗ (b + c) = a ∗ b + a ∗ c
Ã �6¿{��� ��Æ

Èc¡{£ ¨�º ²«£ !
( � , +, ∗, 0, 1)

��Çp� � o"q�	 �/oplnm�	ªm
�~q��no9� � �0��� � � � o~q

(a + b)(a − b) = a2 − b2Ã �YÇp�«� Æ

(a ± b)2 = a2 ± 2ab + b2Ã �YÇp�J¯ Æ

(a − 1)(an + an−1 + ... + a + 1) = an+1 − 1
Ã �YÇp� ��Æ

�r£ uwvy� � tpÅ ²�£ z £*¹c��³ } ��² !
1 (a + b)0 = 1

1 1 (a + b)1 = a + b
1 2 1 (a + b)2 = a2 + 2ab + b2

1 3 3 1 (a + b)3 = a3 + 3a2b + 3ab2 + b3

1 4 6 4 1 (a + b)4 = a4 + 4a3b + 6a2b2 + 4ab3 + b4
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Ï@£ ¨ � vT©1| £ ! ³ �

b < 0
ÃF� � £��

(a+ b)n
Æ ��² x�v ³.²«£�³ u £ vy¨ £�³ x�� ²WË £H¡ º�x ³y� t1u4z £PÁ £�³ u��«¨�º � �«v

³ x�t1u � Ì £ }Duy§ ³ z{| ³ ��Å�t £ − Ã £�� Å �
(a − b)4 = a4 − 4a3b + 6a2b2 − 4ab3 + b4 Æ �

�YÊp� ��� �
�"q�k � �rm
	�k�l ��o~q ����� � m�	�k/l/q
��Ê~����� �4�$I .��¢� � ���(.��$I �4Ó��'�n�����p�	!O�$�����"�

�r£Y³ ºpvy��t~}H��º £�³ z Ë §�©1|p� Ö6��²�£ t~} £ º £ vy¨ £ uwu £ t1u�Ã � Æcz £\³ �«¨�º ² �»µ £ v�Ã ⇐ Æ � £ u�Ã ¯ Æcz £ Õ � ��v £ º ��³y³w£ v
z £�³ ©1| � t1uw��uw§ ³ Ã�u £ vw¨ £ x�|$Õ � }Ru £ |pvTÆLz £	²WË � |{uyv £ }���uw§�z{| ³ ��Å�t £

=
Ã ⇒ Æ �

�r£ ºpvy��t"}R�«º £ z Ë � zpzp�»uy��x�t�!
Ã �YÊp�«� Æ ∀a : expr1 = expr2 ⇔ expr1 + a = expr2 + a

�r£ ºpvy��t"}R�«º £ z £ ¨·| ² uy��º ² �ª} � uw�«x�t�!
Ã �YÊp�J¯ Æ ∀a 6= 0 : expr1 = expr2 ⇔ expr1 ∗ a = expr2 ∗ a
��Ê~� ¯p� �4� .��6� ����� .�� ��� ��� I��Y��� �:�Y�F�����

Ã �YÊp� ��Æ
(x − a)(x − b) ... = 0 ⇔ x = a ∨ x = b ...

��Ê~� � � �4�$I��1�n���{�Y�F���KI IY� ���"� !F� #��¢�$I ���9�JI ) �
• �r£Y³ §�©1| � uy��x�t ³ �«¨½º�x ³y³ � Áp²«£�³ Ã

sol = φ
Æe!

} ��³�� !
Ã �YÊp� �1Æ

0 ∗ x = a (∀a 6= 0)
} ��³P¯ !

Ã �YÊp�J¼ Æ
x /∈ )

• �r£Y³ §�©1| � uy��x�t ³ �«t~z{§Rµ"tp� £Y³ Ã
sol =

) Æ !
} ��³�� !

Ã �YÊp� Ñ Æ
0 ∗ x = 0

} ��³P¯ !
Ã �YÊp�e¿ Æ

x = x
��Ê~� � � �·�9I ..�{�6��� ��� !F�O���TI��

Ã �YÊp� Ç Æ |x| = |x| ⇔ sol = {0}
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ÞDi AB6DCE6 1�354�6�Ú���.�� Ü/(�*/+-*,. 021�354�6«Ü�i�<FÚRÛ�� 6»Û&Ü¸ÜaÛ
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