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1 Abel+AP�\{+µa+ b§N��0A§K�−a

2 ü\{+��ÈÏ~P��ÚA⊕ B = A× B

3 £k�)¤¤gdAbel+ Zn = Z⊕ · · · ⊕ Z, Ù��Ï~
P���þ

4 ZnkIOÄ; aha, we are doing linear algebra over Z!
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k�)¤Abel+A´gd���=�Ak�|Ä�
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?Ûk�)¤Abel+þÓ�uZn/K§Ù¥K ≤ Zn�f+"
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�ÄMn×m(Z)"

·K

�3V�

Mn×m(Z)←→ { +Ó�Zm → Zn}, A 7→ φA �¦Ý


g�µZn ' Zm´Ä�Ñn = m?

�½ÂφA�{ØCok(φA) = Zn/Im(φA).

íØ

?Ûk�)¤Abel+þÓ�uCok(φA)!
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�A ∈ Mn×m(Z)"K�3P,Q�_¦�

P−1AQ = diag(d1, d2, · · · , dr , 0, · · · , 0)

¦���êd1|d2| · · · |dr .
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�Ä�
A ∈ Mn(Z)"KCok(φA)k���=�det(A) 6= 0"d

�§|Cok(φA)| = |det(A)|.

íØ

�ÄK ≤ Zn"Kk:

1 �3Zn��|Ä{e1, · · · , en}§±9d1|d2| · · · |dr§¦
�{d1e1, · · · drer}T�K�Ä"AO/§Kgd�

2 Zn/K ' Zd1 ⊕ · · · ⊕ Zdr ⊕ Zn−r .
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k�)¤Abel+(�½n

Abel +G�Ûf+t(G ) = {g ∈ G | g k��}§́ f+�

½n

�G�k�)¤Abel+"K�3+Ó�

G ' Zr ⊕ t(G ),

Ù¥r = rank(G )§+G��, t(G )�k�+§Ó�

uZd1 ⊕ · · · ⊕ Zdr , di ¡�G �ØCÏf"

5µk�p-+7Ó�uZps1 ⊕ · · · ⊕ Zpst , p
si�Ð�Ïf"
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