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Ù ¿ÛÚÛ­Û·ÛÜÛÝÛºÛÞÛ¦ÛßÛ Û¡ I>°à± Q(A) ª A ¦ Gabriel áÛâ (ãÛäÛåÛæ [1]¹Tº 1.9 çTåTæ [2], p. 43). èT£TéTêT�T�T�T T¡ Morita ¥TëT¿TÚT­TìTÚTíT¹T¦µT T¡ I>îTï  T¡Tð � �T¦TµT T¡TªT¤T¥T¦ I èTñT T¡Tð � �TéTêT�T�T�T T¡
Morita ¥TëT¿TÀT T¡ Ù ¿TÚT­T·TÜTÝTºTÞT¦TßT T¡ Z>òTóTôTõ  T¡T¦TöT÷ ±QI
Auslander-Reiten ábâbªbµbøb¦bùbú Zû § åTæ [3] üTýT¦ I ³TþTÿT T¡T¦TµTøT¹Tº ( ���TÿT T¡TªT�T�T�T¦ ), áâb¦bùbú��bÿb b¡b¦ ôbõ�� ª����b¦ Z��	 � I�
���
����Tó ñTù��Q�T��� 
 ­������>ÀT T¡T¦T¾�������� I����� ÀTÿT T¡T´���� � éTêTÿT T¡T¦ Ext áTâ I>î �����TÿT T¡ C

� ��� ���
Gabriel ¹�º! #" � C ·%$�ª%&�����¦ [3]); '%(%�%)�ÿ� �¡�¦%* (wedge) ¯%�%��ÿ �¡�¦%+ (link) á�â�´ ó%,%- á.�/��¡�¦�ê%0%1 I +�á�âbç Ext á�â�ª�Ú%2�¦�´435 ª%6%7�¦%8 ï%9 8 C ��£�ÿ� �¡ , ·%:%; Z '%(%"%<%= ©�I?>.@ � �%� Hopf  ¡%A�ª%B�Ú%C� �¡�ç%B�Ú , ·%:%;%:%Db¦%E�F�¯ [4] ;

ò ÿ� �¡�¦ Auslander-Reitenábâ ó ÿb b¡b¦bÿ�G ôbõj±H� ª�I�:b��(b¦ [5].J ÚÛùLK I áÛâÛùÛúL�Û¿LMLEONOMÛÿLEON8¦ Hopf  Û¡Û¦ ôÛõP� �Û«Û¬LQR �måbæ [6] Sbý � µbø�Tb¦bÀb b¡b��Ub��:�V Hopf =b¾b´måbæ [7]
ôbõ � Ú�WÀ� �¡���¦%:%V Hopf =�¾�´Æå�æ [8]

ô�õ � B%<%X%V� �¡���¦ Hopf =�¾�´ZY%[ Iåbæ [9] ��Q � Hopf ábâ I>î�\b° �b¦�Ub��:�V Hopf =b¾�� � :�]b´�'�(bábâ¦�^�_ I>ó åbæ [10]
±mI�`�5 ��Ub�b¦���a (monomial) Hopf  b¡�� � :�]b´>åæ [11] ¾�� � Ú�]�M Hopf  b¡b¦�b Frobenius =b¾ Z��cTåTæ�d�e `�5Tó ÿT T¡ ôTõà± QTÚ�f�e R áTâTùTú Z�g�hTI�i ê � � b¡ ò ¼ I ¸ � Ext ábâ�j I Gabriel ábâ�k J �b¹�0 I "�< , ½b¦b¹�0�l�m � øn ¦%o%p Zrqts ¦%u%v�ª%��ÿb b¡ ò ¼���&%]�wb¦%= ©�Z ø�å�x 2 y%�%� � ÿ%z

��ÿ� �¡��%b�ÿ%G�¦�á�â I{\ 3%|%( � C0 -C0 b�ÿ%G C1/C0 � I{`%5%� �%� é�Úÿb b¡ C ¦ Gabriel ábâ Q(C) ¦�}b¹�0 I>°j± C0 ª C ¦bÿb³ I C1 = C0 ∧C C0,î�>~@ � ábâ Q(C) ç C ¦ Ext ábâbªbÚ��b¦ Zÿ� �¡ C ¢�£%�%��¦ I §�© C ¦%��­%�%)�ÿ� �¡%��ª�Ú���¦ ( 8 C £��������I "�­%�%�%��ª�¤�¥� �¡�¦��%� ); ¢ C ª�µ�¦ I�§�©�° ��­%�%)�ÿb �¡���ª�B­b�b�b�b·b¸b b¡b¦���� Z �b£ Gabriel ¹bºb¦bÚb­���� I Chin ç Montgomery[3]

>~@ � ���bÿb b¡ C ½b¾b¿ C ¦ Ext ábâb¦bÀbÿb b¡b¦bÚb­�� (large) )bÿb b¡
( ãbä i 3.1). èb£bébÚbÿb b¡ Morita-Takeuchi ¥bëb¿bÚb­bìbÚbíb¹b¦bµbÿb b¡ Iîbïbó  b¡bð � �bµbÿb b¡Tª����T¦ I èTñ I>ó  b¡Tð � �TébÚTÿb T¡ Morita-

Takeuchi ¥TëT¿TÀTÿT T¡T¦TÚT­���)TÿT T¡ ( ãTäTåTæ [3] ¹Tº 4.3).
ó ¹Tº 3.1±QI�`�5�>�@ � éTê � ���T�T·�:TÿT³ C0 ¦TÿT T¡ C AT½T¾T¿Tÿ����TÿT T¡

CotC0(C1/C0) ¦bÚb­���)bÿb b¡ Z èb£����TÿT b¡T¦bÿT³�AbªT·�:T¦ I îbï �
���bÿb b¡ C

ò ¼ I ÿ����bÿb b¡ CotC0(C1/C0) ½b¾b¿bÀbÿb b¡ KQc,
°j±

Q
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ª C ¦ Gabriel áTâ I U�$ `�5 ¦�= ©���� � ��c����TÿT T¡T¦���� Gabriel ¹º Z �
C ªbébÚbÿb b¡ I C0 = ⊕i∈ID

i ª ° ÿb³ I °j± Di ª C ¦���)bÿb b¡ Z¹bº 4.1
>~@ �

C1 =
∑

i,j∈I

(Di ∧C Dj),

C1/C0
∼= ⊕i,j∈I (D

i ∧C Dj)/(Di + Dj).

"T­�=��T·��������T¦ Taft-Wilson ¹TºT¦ ���TI ä i 4.1. �T£�|�( I�`�5�  Ú�
C ¦�+bábâ I Gabriel ábâbç Ext ábâ I ä � � 4.1.
Y�¡�¢�y�£�¤ � ¹bº 3.1 ç 4.1 ¦�¢b­�|�(�� >~@ � �b�b·�:bÿb³b¦bÿb b¡ª�¥�¦T�b�b¦�8 ï�9 8�3b¦ Gabriel ábâbª�¥�¦T�b�b¦ ( ¹bº 5.1); M��b¦ , ·�:

;�§bÿ Frobenius  b¡b¦ Gabriel ábâ�¨b��©��bç�ª�� I äb¹bº 6.1.
ó �b�b�b¦�«¬ I ¹bº 6.1 ªb b¡ ±H­ |�= © ¦���� Zøbå ± Ub�bÿb b¡bç����b¯�® ó Úb­~¯m¹b¦ � K � Z �b¿ K °�± V, ( V ∗öb÷ HomK(V, K).�

(C, ∆C , εC) ªbÿb b¡ Z³² C ÿ�G (M, ρ) ªbÚb­ K °�± M çbÚb­ K ´�µ
m�¶ ρ: M → M ⊗ C, · �

(ρ ⊗ Id) ◦ ρ = (Id ⊗ ∆C) ◦ ρ, (Id ⊗ εC) ◦ ρ = Id,° ±
Id ö ÷¹¸ ¥¹m¹¶ Z»º C ÿ¹G¹]¹w Z � D ª ÿ   ¡ Z Ú ­ D-C b ÿ¹G (M, ρl, ρr)ªbü�� (M, ρl) ª º D ÿ�G I (M, ρr) ª ² C ÿ�G I>ï�¼�½

(Id ⊗ ρr) ◦ ρl = (ρl ⊗ Id) ◦ ρr.�
(M, ρ) ç (N, δ) :�¾bª ² C ÿ�Gbç º C ÿ�G Z M ç N

ó
C �b¦bÿ����¯b¹�0b£

M�CN = Ker(ρ ⊗ Id − Id ⊗ δ: M ⊗ N → M ⊗ C ⊗ N),

3bª M ⊗ N ¦bÚb­�)�°�± Z>§b© M ªbÚb­ D-C bbÿ�G îbï N ªbÚb­ C-D′ bÿ�G I�¿ M�CN �bÚb­ q³s ¦ D-D′ bbÿ�G�=b¾ Z ÿ�����À�Á ¼�½ =�Â�Ã�� §©
L ªbÚb­ D′-C ′ bbÿ�G I�¿ �b£ D-C ′ ÿ�G I

(M�CN)�D′L ' M�C(N�D′L).�
(C, ∆C , εC) ªbÿb b¡ I (M, ρl, ρr) ª C-C bbÿ�G Z ���b­ m ∈ M,

�
ρl(m) =

∑
m−1 ⊗ m0, ρr(m) =

∑
m0 ⊗ m1.¹�0

M�0 = C, M�1 = M, M�n = (M�(n−1))�CM,°j±
n > 2.

i ê � M�n ª M⊗n ¦�)�°�± Z « ∑
m1 ⊗ · · · ⊗mn ∈ M�n,

¿�\b°
Ä £ ∑

m1� · · ·�mn. ¹�0bÿ����bÿb b¡ CotC(M)
§ 1����b£ K °�±

CotC(M) = ⊕∞
i=0M

�i;
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ÿ���Å ε
¼�½

ε|M�i = 0, �bébê i > 1,
ï

ε|M�0 = εC ; ÿ�Æ ∆ ¹�0b£
∆|M�0 = ∆C ,

∆(m) = ρl(m) + ρr(m) =
∑

m−1 ⊗ m0 + m0 ⊗ m1, ∀ m ∈ M ;

Ú�W�Ç I « ∑
m1� · · ·�mn ∈ M�n (n > 1),

¿

∆
( ∑

m1� · · ·�mn
)

=
∑

(m1)−1 ⊗ ((m1)0� · · ·�mn) +

n−1∑

i=1

(m1� · · ·�mi) ⊗ (mi+1� · · ·�mn)

+
∑

(m1
� · · ·�(mn)0) ⊗ (mn)1

∈ (C ⊗ M�n) ⊕⊕n−1
i=1 (M�i ⊗ M�(n−i)) ⊕ (M�n ⊗ C)

⊆ CotCM ⊗ CotC(M).·�$�È > ∆ ªb¹�0�Âbºb¦ I>ï (CotC(M), ∆, ε) ªbÚb­bÿb b¡ ZÉ
1.1

§�©
C ª�ÿ%z%��¦ IÊ¿ ÿ� �¡ CotC(M) ª�ÿ�³%:%V�¦ I � {⊕i6nM�i

|n = 0, 1, · · ·} ª�3b¦bÿb³�Ë�+ I ãbäbåbæ [12] x 2 y ZáTâ Q ªTüTÚT­T���Qâ Q = (Q0, Q1, s, t),
°P±

Q0 ª�Ì���Í I Q1 ªTá��
Í I « α ∈ Q1,

¿
s(α) ç t(α) :�¾bªbá~� α ¦�Î��bç�Ï�� Z " � Q0 ç Q1 ·�$ª�&b��Í Zábâ Q ¦bÀbÿb b¡ KQc ª�$ Q ¦�Ub��ÐbÀb£bµb¦ K °�± I>° ÿ�Æ~ÑH1�Òíb¹��

∆(p) = αl · · ·α1 ⊗ s(α1) +

l−1∑

i=1

αl · · ·αi+1 ⊗ αi · · ·α1 + t(αl) ⊗ αl · · ·α1,°P±
p = αl · · ·α1 ª Q

± ¦�ÐTÀ I �T­ αi ∈ Q1,
° ÿ���ÅT¹�0T£��>« l > 1,

¿
ε(p) = 0, Ó ¿ ε(p) = 1.

i ê � KQc ª����b¦ I 3b¦bÿb³�Ë�+bª {Cn},
°j±

Cn = KQ0 ⊕ · · · ⊕ KQn,

Qn öb÷ Q
±HÔ�Õ £ n ¦�ÐbÀb¦�Í�Â ZÉ

1.2 Àbÿb b¡bªbÿ����bÿb b¡b¦�Ö�× Z���	 � I �bÿb b¡b½b¾
KQc ' CotKQ0(KQ1),°j±

KQ1 ¦ KQ0-KQ0 bbÿ�G�=b¾ § 1��
ρl(α) := t(α) ⊗ α, ρr(α) := α ⊗ s(α) (α ∈ Q1).J Úbù�K I>§b© C ª����b¦ I�¿ C1/C0 Ø £bÚb­ C0-C0 bbÿ�G I>ï �bÿb ¡b½b¾

CotC0(C1/C0) ' KQ(C)c,°j±
Q(C) ª C ¦ Gabriel ábâ I ãbä 2.2 ç i 3.1.
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2 ÙÛÚÛÜÛÝ Gabriel ÞÛß
2.1 à�á�â�à�ã�ä�å�æ�à�ç�è�é�ê�

D = ⊕i∈ID
i ªbÿ�z��bÿb b¡ I °j± Di �bª D ¦���)bÿb b¡ I (M, ρl, ρr)ªbÚ D-D bbÿ�G Z �bébê i, j ∈ I, ë

iM j = { m ∈ M | ρl(m) ∈ Di ⊗ M, ρr(m) ∈ M ⊗ Dj},
¿

M = ⊕i,j∈I
iM j , �T­ iM j � qìs ¦ Di-Dj bTÿ�G�=T¾ I èTñTªTÚT­ (Dj)∗-

(Di)∗ b�G Z èb£ (Di)∗ �bª��bÿb b¡ I U�$
(Di)∗ ' Mni

(∆i),°j±
∆i ªb�b�b�b·b¸ K  b¡ Z �b¿��b­ i, ¯m¹ (Di)∗ ¦bÚb­bø�í�îb¥�ï ei. ë

tij = dimK(ei.
jM i.ej),°j± ¦��böb÷�G���( I i, j ∈ I.

i ê � Mni
(∆i)

± ¦bø�í�îb¥�ïbª�ð ­�ñ�ò ¦ Ièbñ tij ó ei ¦�ô�õ�& Ù Z¹�0 D-D bTÿ�G M ¦TáTâ Q(D, M)
§ 1���Ì���ÍT£ I, �T¿TéTê i, j ∈ I,� tij ö á~�H÷ i

�
j.É

2.1 (i) I ·�$bª�&b��Í I tij
� ·�$bª�&�øb¦ I � Q(D, M) ·�$bª�&b�ábâ Z

(ii)
§T©

D ª�C�2T¦ ( � D ¦�C�2�ï�Í�Â G = G(D) ª D ¦TÚ�ùTµ I�ú ¥ë�Ç I D ªbÿ�z�� îbï ���b¦ ),
¿

Q(D, M) ·�$ § 1�û���Ç�ü�c���Ì���Íb£ G,

�bébê g, h ∈ G, � tgh ö á~�H÷ g
�

h,
°j±

tgh = dimk
hMg, " �

hMg = {m ∈ M | ρl(m) = h ⊗ m, ρr(m) = m ⊗ g}.

2.2 à�ã�ä�è Gabriel é�ê�
(C, ∆) ªbÚb­bÿb b¡ I {Cn} ª�3b¦bÿb³�Ë�+ Z ë π0: C → C/C0 ª�ý�þÿ ¶ Z ¹�0�m�¶

ρ̃l = (Id ⊗ π0) ◦ ∆: C → C ⊗ (C/C0),

ρ̃r = (π0 ⊗ Id) ◦ ∆: C → (C/C0) ⊗ C.

èb£
ρ̃l(C0) = 0, ρ̃r(C0) = 0,îbï

∆(C1) ⊆ C0 ⊗ C1 + C1 ⊗ C0,�
ρ̃l ç ρ̃r :�¾�����m�¶

ρl: C1/C0 → C0 ⊗ (C1/C0), ρr: C1/C0 → (C1/C0) ⊗ C0.Ü���È > (C1/C0, ρl, ρr) ª C0-C0 bbÿ�G Z
www.scichina.com
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2.1 ÿb b¡ C ¦ Gabriel ábâ Q(C) ¹�0b£ C0-C0 bbÿ�G C1/C0 ¦báâ Q(C0, C1/C0).��� Ú�� I � C0 = ⊕i∈ID

i,
°j±

Di ª���)bÿb b¡ I ei ª (Di)∗ ¦bÚb­bø�í
îb¥�ï I�¿ ábâ Q(C) ¦�Ì���Íbª I,

îbï ÷�Ì�� i
� Ì�� j �

tij = dimKei.
j(C1/C0)

i.ej

ö á~� Z
2.3 à�ã�ä�è Ext é�ê�

C ªTÿT T¡ Z
	�� åTæ [3] ���T¦ Ext áTâ Z � {Si|i ∈ I} ª�� ² C ÿ
GÛ¦Û½Û¾L]Û¦ÛÚÛ­�
��Û ÛöLÍ I�¿ ÿÛ Û¡ C ¦ Ext áÛâÛ¦LÌL�LÍÛª I,

îÛï �
dimKExt1(Si, Sj) ö á~�H÷ i

�
j.ó åbæ [13]

±mI ��c Ext ábâ��b¢b£ Gabriel ábâ Z åbæ [4] '�(���)bÿb b¡¦�*T¯T¹�0 � ÿT T¡ C ¦�+TáTâ Z>ó�,�- á�� �T¡T¦Tê�0�1 I +TáTâTç Ext áâbª ­ ½b¦ I ãbäbåbæ [4] ¹bº 1.7. QbÚ�f I C ¦ Ext ábâbª�6�7b¦�8 ï�9 8 Cª , ·�:�;bÿb b¡ ( ãbäbåbæ [4] ¹bº 2.2).ø�yb¦�����=��b£���
2.1 ÿb b¡ C ¦ Gabriel ábâbç Ext ábâbª ­ ½b¦ Z£ � >~@ ��c�=�� I�� ���bÚ�<���� Z

�T¿ ² C ÿ�G M,
Ä

E(M) £ M ¦�� ¶�£ Z�i ê � � ¶�£�A�� óTîTï ( äåbæ [14]
ú åbæ [15] x 2 � )

soc(M) = soc(E(M)).
�

{Si | i ∈ I} ª�� ² C ÿ�Gb¦b½b¾�]b¦bÚb­�
��b bö�Í I ¿ �b£ ² C ÿ�G I �
Di ' niSi, C ' ⊕i∈IE(Di) ' ⊕i∈IniE(Si).i ê � (Di)∗ ' Mni

(∆i),
°j±

∆i ªbÚb­b�b�b�b·b¸ K  b¡ Z���
2.1 � � dimK∆i = di (i ∈ I),

¿ �
soc(E(Di)/Di) ' ⊕j∈I

nitji

dj

Sj , soc(E(Si)/Si) ' ⊕j∈I

tji

dj

Sj .� 	 �
(C1/C0, ρl, ρr) ª C0-C0 bbÿ�G Z ë

i(C1/C0) = {x ∈ C1/C0 | ρl(x) ∈ Di ⊗ (C1/C0)},

¿
i(C1/C0) � q³s ¦ º Di ÿ�G�=b¾ Z\

C ç ⊕i∈IE(Di) ¥b½ Z �b£ ² C ÿ�G I
C1 = ⊕i∈I(E(Di) ∩ C1).��	 � I � c ∈ C1,

¿
c =

∑
ci,
°j±

ci ∈ E(Di). èb£ ∆(ci) ∈ E(Di)⊗C, U�$b�
∆(ci) =

∑
j dij ⊗ cij ,

°j±
dij ∈ E(Di)

ï
{dij} ª�´�µ�& Ù ¦ (i ∈ I),

�
∆(c) =

∑

i,j

dij ⊗ cij ∈ C1 ⊗ C1.

SCIENCE IN CHINA Ser. A Mathematics



×
11 � ���������%��� Gabriel ����������� 1207

i ê � {dij} ª�´�µ�& Ù ¦ I � ý cij � ó C1

±mI ¿bªb³bþbÿ���Å�µ I ci ��£�¤ó
C1

±mZ
Ñmñ I �b£ ² C0 ÿ�G

C1/C0 = ⊕i∈I(E(Di) ∩ C1)/Di,

"bö @ (E(Di) ∩ C1)/Di ªbÿ�z�� C ÿ�G I Q ò
(E(Di) ∩ C1)/Di ⊆ soc(E(Di)/Di).i ê � soc(C/C0) = C1/C0 ( äbåbæ [16], p. 64),

`�5�� �
soc(C/C0) = soc((⊕i∈IE(Di))/(⊕i∈ID

i))

= ⊕i∈I soc(E(Di)/Di) = C1/C0

= ⊕i∈I (E(Di) ∩ C1)/Di,���
soc(E(Di)/Di) = (E(Di) ∩ C1)/Di.`�5 »b¼

soc(E(Di)/Di) ⊆ i(C1/C0).

"�2 I ³bþ
C1/C0 = ⊕i∈I

i(C1/C0),· � ý
soc(E(Di)/Di) = i(C1/C0).£ � >~@ "b­b»b¼ I�i ê �

ρ̃l(E(Di)) ⊆ E(Di) ⊗ C, ρ̃l(C1) ⊆ C0 ⊗ C1,¿bª
ρ̃l(E(Di) ∩ C1) ⊆ (E(Di) ∩ C0) ⊗ C1.! i ê �

E(Di) ∩ C0 ⊆ soc(E(Di)) = Di,
�

ρ̃l(E(Di) ∩ C1) ⊆ Di ⊗ C1,èbñ
ρl(soc(E(Di)/Di)) = ρl((E(Di) ∩ C1)/Di) ⊆ Di ⊗ (C1/C0),

Ñmñ�� � »b¼b¦�=�� Z	"�
i(C1/C0)

j ª Di-Dj b�ÿ%G I è�ñ�ª (Dj)∗-(Di)∗ b%G Z ¿�ª i(C1/C0)
j .eiªbÚ º (Dj)∗ G I èbñbªbÚ ² Dj ÿ�G IQ°j± ei ª (Di)∗ ¦bø�í�îb¥�ï Z ¿bª��£ ² Dj ÿ�G I

i(C1/C0)
j .ei = mjSj ,
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°j±
mj ª�#b¹b¦�M�$�%b¡ Z èb£

tji = dimK(ej .
i(C1/C0)

j .ei), dimKSj = njdj ,

U�$
mjnjdj = dimK

i(C1/C0)
j .ei = dimKnj(ej .

i(C1/C0)
j .ei) = njtji,èbñ mj = tji/dj , Y�Ï `�5 �

soc(E(Di)/Di) = i(C1/C0) = ⊕j∈I
i(C1/C0)

j

= ⊕j∈Ini
i(C1/C0)

jei = ⊕j∈I

nitji

dj

Sj .

2.4
���

2.1 è ��&èb£ Dj ' njSj ,
��'�� � - Á Ext1(Si, D

j). õ Dj ¦bÚb­(�H¶�:�; [17]

0 → Dj d0−→ E0
d1−→ E1

d2−→ E2 → · · · ,°j±
E0 = E(Dj)

ï
E1 = E(E0/Dj). èb£
Im(d0) = soc(E0), Im(d1) ⊇ soc(E1),

U�$��b¿bébêbÿ�Gb½�) g: Si → E0, � d1 ◦ g = 0; �b¿bébêbÿ�Gb½�) f : Si → E1,� d2 ◦ f = 0. ¿bªb�
Ext1(Si, D

j) = HomC(Si, E1) = HomC(Si, soc(E0/Dj)),

" � ( ��� soc(E1) = soc(E0/Dj). ³bþ��bº 2.1,

soc(E0/Dj) = ⊕i∈I

njtij
di

Si.* i ê � HomC(Si, Si) = ∆i,
� �

tij =
1

nj

dimKExt1(Si, D
j) = dimKExt1(Si, Sj).

¹bº ��>bZÉ
2.2

	 � ¢b­bÿb b¡ C ç D ¢b£ Morita-Takeuchi ¥bë I>§b© C ÿ�G�þ+ ç D ÿ�G�þ + ªT¥TëT¦ [18]. ³TþT¹Tº 2.1, ¢T­ Mortia-Takeuchi ¥TëT¦TÿT T¡� ­ ½b¦ Gabriel ábâ Z
3 ,.- Gabriel /.0

�
L ª K ¦�1 �bI C ª K ÿb b¡ I/¿ C ⊗L

q³s Ç�2b£ L ÿb b¡ Z C ¢b£ªb·�:b¦ I §b© � K ¦bébÚ�1 � L, C ⊗L ªbÿ�z�� L ÿb b¡ Zìi ê � C ·�:�8ï�9 8 C ⊗Ccop ÿ�z�� (
��	 � I èbÿ�z��bÿb b¡bª��bÿb b¡b¦b®bç I3� "b­�=

�b·�7 
 ��� ( äbåbæ [19] ¹bº 6.1.2)
� �

). × §bI C�2b¦bÿb b¡bªT·�:T¦T´>«
K ¦�Ö�4bª�5 I/¿ ébÚbÿ�z�� K ÿb b¡�®bªb·�:b¦ Z/i ê � « C ª����b¦ I/ú6

K ªb b¡bðb¦ I�¿ C ¦bÿb³ C0 ªb·�:b¦ Z
1�cb¹bºbªbø�yb¦�����= © �
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���
3.1

� ÿT T¡ C ¦TÿT³ C0 ªT·�:T¦ I�¿ � ó ÿT T¡T¦�7�� i: C ↪→

CotC0(C1/C0), · � i(C1) = C0 ⊕ (C1/C0).É
3.1 ÿÛ Û¡ C ¦L)ÛÿÛ Û¡ D ¢Û£L�Û¦ (large),

§Û©
D £L¤ C1. ³Ûþ

Gabriel ábâb¦b¹�0 I C ¦bÚb­���)bÿb b¡ D ó C �bÚ�2b¦ Gabriel á I èbñb¹bº
3.1 ö @ ébê��b�b·�:bÿb³ C0 ¦bÿb b¡ C (

, Úb¹bªb�b�b�b¦ ) Ab·�$b½b¾b¿bÿ
���bÿb b¡b¦bÚb­���)bÿb b¡ Z	 �  b¡ ± ¦ Gabriel ¹bº��>ébêb�b�b�b¤b¥b T¡ A ½b¾b¿ A ¦ Gabriel áâb¦bÀb b¡ Ù ¿�Bb­bÜbÝbºbÞb¦bßb b¡ ( äbåbæ [1] ¹bº 1.9

ú åbæ [2], p. 43).
i

ê � �T¦ ö�8�9 �����T¿T T¡ ± ¦TÜTÝ ö�8 I èTñ�3T¦������Tª������TÿT T¡
Ab·�$�7�� � 3b¦ Gabriel ábâb¦bÀbÿb b¡ ±H� ( äbåbæ [3] ¹bº 4.3,

� ·bäbåbæ
[20]

� � 1).òb§b©
C ª����b¦ I�¿ ÿ����bÿb b¡ CotC0(C1/C0) ½b¾b¿bÀbÿb b¡ KQc,°²±

Q ª C ¦ Gabriel á�â ( £ � ��ý%"�Ú%� I:' � i ê � KQc ç CotC0(C1/C0)

®��b�bÚ�2b¦�;�µ nbI ¿bª�"T­T»b¼T·�ÑH1�c��bº 3.1
� �

), èbñb¹bº 3.1 �bª
���bÿb b¡b¦���� Gabriel ¹bºb¦bÚb­ ���bZ£ � >.@ ¹�º 3.1,

� �%1%K�¦�µ�ø%��º I 3=<�ý � ÿ%����ÿb �¡b¦=;�µ nbZ�
C ç D ªbÿb b¡ I f : D → C ªbÿb b¡b¦�m�¶ IH¿ D 7 
 f Ø £ C-C bÿ�G I m�¶ (f ⊗ Id) ◦∆D ç (Id⊗ f) ◦∆D :�¾�<bý °�º ÿ�Gbç ² ÿ�Gb¦�=b¾�m

¶ Z ���
3.1

�
C ç D ªTÿT T¡ I M ª C-C bTÿ�G Z <T¹TéTêTÿT T¡�m�¶

f0: D → C ç C-C bbÿ�Gb¦�m�¶ f1: D → M, · � f1

ó
D ¦bÿb³ D0 �b¦b��>ª 0,

°j±
D ¦ C-C bbÿ�G�=b¾bª~Ñ f0 <býb¦ I�¿ � ó ìbÚb¦bÿb b¡�m�¶

F : D → CotC(M),

· � πi ◦ F = fi (i = 0, 1),
°j±

πi: CotC(M) → M�i ª�ý�þ ÿ ¶ Z� ë ∆0 ª D ¦�¸b¥�m�¶ I ∆1 = ∆D , �bébê n > 1, ¹�0
∆n+1 = (∆n ⊗ Id) ◦ ∆n,°j±

Id öb÷ D⊗n ¦�¸b¥�m�¶ Z ��?
∆n(D) ⊆ D�(n+1), f

⊗(n+1)
1 ◦∆n(D) ⊆ M�(n+1), n > 1.»b¼�m�¶

F : D → CotC(M),

F (d) = f0(d) +

∞∑

n=0

f
⊗(n+1)
1 ◦ ∆n(d)

ª�Âbºb¹�0b¦ Z��	 � I�`�5 � ∪n>0Dn = D,
°P±

{Dn} ª D ¦TÿT³�Ë�+ ( äTåTæ [16] ¹
www.scichina.com
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º 5.2.2). ¿bª��bébê d ∈ Dn çbébê m > n, f
⊗(m+1)
1 ∆m(d) = 0. "bªbèb£

∆m(Dn) ⊆
∑

i0+i1+···+im=n

Di0 ⊗ · · · ⊗ Dim
,ï

f1

ó
D0 ��ª 0, ¿�ª F ª%Â�º�¹%0�¦ Z Ü=�%È > F ª�ÿ� �¡%m%¶ ï πi◦F = fi,

i = 0, 1.H 1 ' � >.@/¼%½ �%c%��I�¦�m�¶ F ª�ì�Ú�¦ Z ë fn = πn ◦F, n > 0.
' �> ��é�ê n > 1, fn = f⊗n

1 ◦∆n−1. � n Q=J=K=L Z � � fm = f⊗m
1 ◦∆m−1, m > 1,M�N

fm+1. �b¿bébê d ∈ D, ë ∆D(d) =
∑

(d) d1 ⊗ d2. èb£ F ªbÿb b¡b¦�m�¶ I
U�$b� ∆(F (d)) = (F ⊗ F )∆D(d).

\ ¢�O�®�P�Ò�Ç�Qbý�R I�� �
∆(F (d)) =

∑

n

∆(fn(d)),°j±
∆(fn(d)) ∈ (C ⊗ M�n) ⊕ (M ⊗ M�(n−1)) ⊕ · · · ⊕ (M�(n−1) ⊗ M) ⊕ (M�n ⊗ C);

(F ⊗ F )∆D(d) =
∑

(d)

F (d1) ⊗ F (d2) =
∑

n

∑

(d),i+j=n

fi(d1) ⊗ fj(d2),

°j±
∑

(d),i+j=n

fi(d1) ⊗ fj(d2)

∈ (C ⊗ M�n) ⊕ (M ⊗ M�(n−1)) ⊕ · · · ⊕ (M�(n−1) ⊗ M) ⊕ (M�n ⊗ C).¿bª `�5�� ý
∆(fn(d)) =

∑

(d),i+j=n

fi(d1) ⊗ fj(d2), ∀ n > 2.

i ê � fn(d) ∈ M�n,
ï

fi(d1) ⊗ fj(d2) ∈ M�i ⊗ M�j , ³bþ CotC(M) ÿ�Æ¦�¹%0 ITS"U �%K%¢�­%Ò%) ± V ¿ M�i ⊗M�j ¦%a I °²± i 6= 0 6= j
ï

i+ j = n,� �
fn(d) =

∑

(d)

fi(d1) ⊗ fj(d2).

Ö�¾�Ç I Ñ K�Lb�
fm+1(d) =

∑

(d)

fm(d1) ⊗ f1(d2)

=
∑

(d)

f⊗m
1 ◦ ∆m−1(d1) ⊗ f1(d2)

=f⊗m+1
1 ◦ ∆m(d).

�bº ��>bZ£ � 
 Ø ¹�º 3.1 ¦ >.@ IW� �%1%c%¢�­%��º ( :%¾�ä�å�æ [21] ¹�º 2.3.11(
ú

åbæ [16] ¹bº 5.4.2) çbåbæ [22](
ú åbæ [16] ¹bº 5.3.1)):
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�=�
3.2 ( �%� Wedderburn-Malcev ¹�º )

� ÿ� �¡ C ����·%:�ÿ�³ C0 ,
¿ �ó ÚT­TÿTºTÞ I, · � C = C0 ⊕ I, ��� ó ÚT­TÿT T¡T¦ ÿ�X π: C → C0, · �

π|C0 = Id.���
3.3 (Heyneman-Radford)

�
f : C → D ªbÿb b¡�m�¶ Iì¿ f ª���¶�8 ï9 8 f |C1 ª���¶ Z���

3.1 è � ³bþ���� Wedderburn-Malcev ¹bº I � ó Úb­ C ¦bÿbºbÞ I,

· � C = C0 ⊕ I. ¿bªb�bÿb b¡ ÿ�X f0: C → C0, · � f0|C0 = Id.
i ê � C 7 


f0 Ø £bÚb­ C0-C0 bbÿ�G IQîbï I ª C ¦ C0-C0 )�bbÿ�G Z ë C(1) = C1 ∩ I,
¿

C1 = C0⊕C(1).
i ê � C(1) ª I ¦ C0-C0 )%b�ÿ%G I¨ï ý%þ�½�¾ θ: C(1) → C1/C0ªbÚb­ C0-C0 bbÿ�Gb½�) Z2 I £ ² C0 ⊗ Ccop

0 ÿ�G I>ï C(1) £�3b¦bÚb­�)bÿ�G Z èb£ C0 ªb·�:b¦ I
U�$b� C0 ⊗Ccop

0 ÿ�Gb¦�:�; I = C(1) ⊕ J. N�Y�Z�[ I � ó C0-C0 bbÿ�Gb¦ ÿ ¶
p: I → C(1), · � p|C(1)

= Id. ¹�0�m�¶
f1 = θ ◦ p ◦ f ′

0: C → C1/C(0),°P±
f ′
0: C → I ª�ý�þ ÿ�X ZO@ P�Ç I f1 ª C0-C0 bTÿ�G�m�¶ I>ïTó C0 �T£

0. ¿ÛªÛ³ÛþL�Ûº 3.1,
`L5L� � ìÛÚÛ¦ÛÿÛ Û¡LmL¶ i: C → CorC0(C1/C0), · �

π0 ◦ i = f0 ç π1 ◦ i = f1.
@ P�Ç I i(C1) = C0 ⊕ C1/C0.

* ³Tþ��Tº 3.3, i ª��
¶ Z ¹bº ��>bZ
4 C1 Ý.\.].^_

C `�a�b�c�d C e�f�g�h�i�j V k W e�l�m [23] n�o�p
V ∧C W := {c ∈ C | ∆C(c) ∈ V ⊗ C + C ⊗ W}._

C0 ` C e=a=q=dsr C0 ` C e=t=u=v=h=a=b=c=e=k=d n=o Cn = C0∧CCn−1

(n > 1), {Cn} w p C e=a=q=x=y=z Cn ` C e=h=a=b=c=d Cn ⊆ Cn+1, C = ∪n>0Cn,{
∆(Cn) ⊆

∑

06i6n

Ci ⊗ Cn−1

( |�}�~�� [16], 5.2.2). l�m�e�����������~�� [23] � 9 ��k�~�� [22] � 2 ���� z _
(C, ∆, ε) `�a�b�c�d C∗ `�������b�c�z _ c ∈ C k f ∈ C∗, n�o

f ⇀ c =
∑

c1f(c2), c ↼ f =
∑

f(c1)c2,

�(� ∆(c) =
∑

c1 ⊗ c2, � C � p C∗-C∗ ��� d { c = ε ⇀ c = c ↼ ε (}�~�� [16],

1.6.5).�������������
C1 e�������d ��� ����� ��� g ���� ¡�¢

4.1
_

C `�a�b�c�d C0 = ⊕i∈ID
i `���a�q�d��(� Di ` C e�v�h�ab�c�d��

www.scichina.com
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(i) C1 =

∑
i,j∈I (D

i ∧C Dj);

(ii) (Di ∧C Dj) ∩ C0 = Di + Dj , ∀ i, j ∈ I ;

(iii) C1/C0
∼= ⊕i,j∈I(D

i ∧C Dj)/(Di + Dj);

(iv) (Di ∧C Dj)/(Di + Dj) ∼= i(C1/C0)
j , ∀ i, j ∈ I.«

4.1 ¬ ­�a�b�c C e�®�¯�°�±�² p
G(C) := { 0 6= c ∈ C | ∆(c) = c ⊗ c },{

C w p�³�´ e�d�µ � ��v�h�a�b�c�¶�` ��· e�z�¸�¹ � a�b�c C ` ³�´ e�º{�» º C0 = KG(C). ��¼�½�¹ g, h ∈ G(C), ¾
Pg,h(C) := {c ∈ C | ∆(c) = c ⊗ g + h ⊗ c}p t¿u (g, h)- À¿Á¿°¿Â¿�¿e¿±¿²¿z (g, h)- À¿Á¿° c w p¿Ã¿Ä¿Å e¿dÆµ � c /∈ K(g−h)._

P ′
g,h(C) ` Pg,h(C) e�h�i�j�d�Ç�È

Pg,h(C) = P ′
g,h(C) ⊕ K(g − h).

a�b�c�e Taft-Wilson n�É e�� 1 Ê�Ë�Ì�`�Í�d�µ � C ` ³�´ e�d��
C1 = KG(C) ⊕ (⊕g,hP ′

g,h(C)),Î�Ï È �
C1/C0 = ⊕g,hP ′

g,h(C) = ⊕g,h(Kh ∧C Kg)/(Kg + Kh)

( Ð�Ñ�e�Ò�Ó�Ô���|�}�~�� [24] Õ É 4.2). Ö � g�× ³�Ø d n�É 4.1 (iii) � Ø �
Taft-Wilson n�É e�� 1 Ê�Ë�e�Ù�Ú�z¡�¢

4.1 Û�Ü (i)
��Ý�Þ d�ß�à�u

C1 = C0 ∧C C0 =

( ∑

i∈I

Di

)
∧C

( ∑

j∈I

Dj

)
⊇

∑

i,j∈I

(Di ∧C Dj).

á �=Ý=Þ dãâ=�=ä=�=b=c=dãå C = C0 ⊕V, �æ� V ç=è ε(V ) = 0. é εi ∈ C∗, Ç=È
εi|Di = ε, εi|Dj⊕V = 0 (j 6= i).

¼�`
ε(c) =

∑

i∈I

εi(c), ∀ c ∈ C,

ê�ë q�ì�a�v�í���d�u
c =

∑

i,j∈I

(εj ⇀ c ↼ εi), ∀ c ∈ C.

î�ï
(i), ð�� ï(ñ µ � e�ò�ó   � c ∈ C1, u

εj ⇀ c ↼ εi ∈ Di ∧C Dj .p ï(ñ ô � ò�ó�d _ c ∈ C1, õ�ö
∆3(c) = (∆ ⊗ Id ⊗ Id)(Id ⊗ ∆)∆(c).
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p�� v���}�d ��Þ�	�
�� k���
�z _
∆(c) = c1 ⊗ c2 ∈

∑

s

C1 ⊗ Ds +
∑

t

Dt ⊗ C1,

∆2(c) = (Id ⊗ ∆)∆(c) = c1 ⊗ c21 ⊗ c22

∈
∑

s

C1 ⊗ Ds ⊗ Ds +
∑

t,k

Dt ⊗ C1 ⊗ Dk +
∑

t,k

Dt ⊗ Dk ⊗ C1,

∆3(c) = (∆ ⊗ Id ⊗ Id)(Id ⊗ ∆)∆(c) = c11 ⊗ c12 ⊗ c21 ⊗ c22

∈
∑

s

C1 ⊗ C0 ⊗ Ds ⊗ Ds +
∑

s

C0 ⊗ C1 ⊗ Ds ⊗ Ds

+
∑

t,k

Dt ⊗ Dt ⊗ C1 ⊗ Dk +
∑

t,k

Dt ⊗ Dt ⊗ Dk ⊗ C1.

q�ì n�o u
∆(εj ⇀ c ↼ εi) = εi(c11)εj(c22)c12 ⊗ c21.

µ �
c11 ⊗ c12 ⊗ c21 ⊗ c22 ∈

∑

s

C1 ⊗ C0 ⊗ Ds ⊗ Ds,

�
εi(c11)εj(c22)c12 ⊗ c21 ∈ C0 ⊗ Dj ;

µ �
c11 ⊗ c12 ⊗ c21 ⊗ c22 ∈

∑

s

C0 ⊗ C1 ⊗ Ds ⊗ Ds,

�
εi(c11)εj(c22)c12 ⊗ c21 ∈ C1 ⊗ Dj ;

µ �
c11 ⊗ c12 ⊗ c21 ⊗ c22 ∈

∑

t,k

Dt ⊗ Dt ⊗ C1 ⊗ Dk,

�
εi(c11)εj(c22)c12 ⊗ c21 ∈ Di ⊗ C1;

µ �
c11 ⊗ c12 ⊗ c21 ⊗ c22 ∈

∑

t,k

Dt ⊗ Dt ⊗ Dk ⊗ C1,

�
εi(c11)εj(c22)c12 ⊗ c21 ∈ Di ⊗ C0.

¼�`���t�u�e�����d���u
εi(c11)εj(c22)c12 ⊗ c21 ∈ Di ⊗ C + C ⊗ Dj .

www.scichina.com
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� Ì ï(ñ � εj ⇀ c ↼ εi ∈ Di ∧C Dj .

(ii) ����� ï d������ ~�� [22] Õ É 2.3.1
��� z

(iii) k (iv) q�ì (ii) u (Di ∧C Dj) ∩ C0 = Di + Dj ,
Î�Ï u�a�b�c�e����

(Di ∧C Dj)/(Di + Dj) ∼= ((Di ∧C Dj) + C0)/C0 ↪→ C1/C0.

q�ì C1/C0 e C0-C0
� a � e ��� d�����×�� �
(Di ∧C Dj)/(Di + Dj) ↪→ i(C1/C0)

j ,

t���� (i) È �
C1/C0 =

( ∑

i,j∈I

(Di ∧C Dj)

)
/C0

=
∑

i,j∈I

((Di ∧C Dj) + C0)/C0

↪→
∑

i,j∈I

i(C1/C0)
j

= ⊕i,j∈I
i(C1/C0)

j .� Ì���Ç���� ((Di ∧C Dj) + C0)/C0 ↪→ i(C1/C0)
j `�� � d��

C1/C0 =
∑

i,j∈I

((Di ∧C Dj) + C0)/C0

= ⊕i,j∈I ((Di ∧C Dj) + C0)/C0

∼= ⊕i,j∈I (Di ∧C Dj)/(Di + Dj).ï� z
� n�É 4.1, ß�à�������~�� [4] � n�o e�y�!�"�# � g�$ Î d r�%�&�'�(�!) z�º�*�µ � » õ�ö�+�a�b�c�d ��� n�o k���,�e n�o ` � ¯�e  ¡�-

4.1[4]
_

C `�a�b�c�d C e�y�!�" n�o µ �� /. ³ Ì�` C e�v�h�a�bc�e�Ò�0�1�2���f�g�v�h�a�b�c Di k Dj , u
lij :=

1

ninj

dimK(Dj ∧C Di)/(Di + Dj)

3 ! ) Ö i
�

j, �(� ni `�4�5�c�d�Ç�È (Di)∗ ' Mni
(∆i),

{
∆i ` K

ô e���6b�c�z 7�8
4.1 a�b�c C e�y�!�"�k Gabriel !�"�` � ¯�e�zÜ � n�É 4.1 (iv), È �

lij =
1

ninj

dimK(Dj ∧C Di)/(Di + Dj)

=
1

ninj

dimK
j(C1/C0)

i

= dimK ei.
j(C1/C0)

i.ej

= tij .
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5 9;:;<;=;>;?;@
A p�n�É 3.1 k 4.1 e�B���d�À�� ����C Ê�u�D�a�b�c�e � g�������zq=ì n=o dãa=b=c C w p C Ê�uED=e=dãµ � �=½EF=u�D · h=i�j V k W el�m V ∧C W G�`�u�D · e�zH� a�b�c�+�À n�É ( r C e�I�g�u�D · h�i�j�����KJKL�� � g�uKD · h�a�b�cKM Þ ), ß�à�åKN�a�b�c C ` C Ê�uKD�e�º {�» º��¼�½�¹�u�D · h�a�b�c D, D ∧C D G�`�u�D · e�z
Heyneman-Radford

ï�ñ �PO/Q a�b�c�` C Ê
uKD�e (~�� [22], 3.2.4);
QKR

S d�µ � C ` C Ê
uKD�eKT { C0 `�uKD · e�d�� C ` O/Q e ( |�}�~�� [22],

4.2.6).¬ ­ C e�h�a�b�c D w p�U k�e�d�µ � D ∧C D = D._ a�b�c C = C ′ ⊕ C ′′,
{

(M, ρl, ρr) ` � g C-C � a � z�V
N ′ = {m ∈ M | ρl(m) ∈ C ′ ⊗ M, ρr(m) ∈ M ⊗ C ′},

� N ` � g C ′-C ′ � a � zW�¢
5.1 Õ�� ô Þ e�¾K
�d�� CotC′(N ′) ` CotC(M) e � g U k�h�a�bc�z Ü V C̃ := CotC(M). q�ì�a�b�c CotC′(N) e ��X d�ß�à�u

CotC′(N) = ∪n≥1 ∧
n

C̃
C ′,

�(�
∧n

C̃
C ′ = C ′ ∧

C̃
C ′ ∧

C̃
· · · ∧

C̃
C ′

(n Y�l�m ),
ê�ë

CotC(M) ` U k�e ( |�}�~�� [22], 2.1.1).
ï� zÀ���e�Z�� ��� `¡=¢

5.1
C Ê�uED=a=b=c=e Gabriel !E"=` C Ê�uED=e (r=½=¹=f . ³ j »u�u�D 3 ! ) ).Q�R S d�µ � a�b�c C e Gabriel !�"�` C Ê�u�D�e { C0 `���Ë�e�d�� C` C Ê�u�D�e�zÜ � a�b�c�+�À n�É d�½�¹�v�a�b�c�`�u�D · e�d ¼�`�[�������Ö�ÙK\

4.1 È � zQER S d _ C e Gabriel !E"=` C Ê�uED=eET { C0 `=�=Ë=e=d p � ïæñ C `C Ê�u�D�e�d�q�ì n�É 3.1, ð�� ï a�]�^�a�b�c CotC0(C1/C0) ` C Ê�u�D�e�z� ` ê p C Ê�u�D�a�b�c�e�h�a�b�c�_�` C Ê�uKD�e ( |�}�~�� [22], 2.3.2).
�Þ ß�à�� C̃ `�a CotC0(C1/C0)._

D ` C̃ e�½�¹�u�D · h�a�b�c�d�� D e�a�q D0 ` C0 e���k�b�z�V
M := {x ∈ C1/C0 | ρl(x) ∈ D0 ⊗ (C1/C0), ρr(x) ∈ (C1/C0) ⊗ D0},

� M u � g O *�e D0-D0
� a � ��� z�ß�à�ò�ó M `�u�D · e�z
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c�d�ô d _ C0 = ⊕i∈ID

i, �(� Di ¶�` C0 e�v�h�a�b�c�z
¬ ­
i(C1/C0)

j = {x ∈ C1/C0 | ρl(x) ∈ Di ⊗ (C1/C0), ρr(x) ∈ (C1/C0) ⊗ Dj},

��� i, j ∈ I.
ê p C e Gabriel !K"�` C Ê
uKD�e�d���q�ì n�É 4.1 (iv) k�ÙK\

4.1, å i(C1/C0)
j ¶�`�u�D · e�z�¸�¹ � D0 `�u�D · e�d�r D0 = ⊕i∈JDi, �(�

J ⊆ I ` � u�D�h�±�d q�ì n�o ��� Ø � M ⊆ ⊕i,j∈J
i(C1/C0)

j .
� ¯�d M `�u�D· e�z q�ì n�É 3.1, u

D ⊆ CotD0(D1/D0) ⊆ CotD0(M).

� Õ É 5.1, CotD0(M) ` C̃ e U k�h�a�b�c�z�¼�`
D ∧

C̃
D ⊆ CotD0(M) ∧

C̃
CotD0(M) = CotD0(M).ê p D `�u�D · e�d�� _ D ⊆ ⊕i6nM�i, �(� n `�e � 4�5�c�z�f������Ø � D ∧

C̃
D `�J�L�� ⊕i62nM�i � e ( }�¸ 1.1), º�* ⊕i62nM�i `�u�D · e�zn�É È ï z

6 g;> Frobenius ?;@
a=b=c C w pEhEi a Frobenius b=c=d µ �Ej �=Ö C

�
C∗ e C∗ � vE�Ek=d�æ� C e h C∗ � �E� µ=� 4 � n=o d Ï C∗ ` h O � C∗ � zl1EmEn=d n=oEoEi a

Frobenius b�c�z � g�a�b�c�w p�i a Frobenius e�d�µ ��p�q ` h�i a Frobeniuse=Ô=` oEi a Frobenius e=z ¸=¹ � a=b=c C ` hEi a Frobenius e=º {=» ºEI=grts o C a � `�u s e ( ~�� [15] n�É 3.3.4); µ � C ` h�i a Frobenius e�d�vw �=�=�=b=c C∗ ` oEi Frobenius e ( ~=� [15] ÙE\ 3.3.9). Ô=¸=¹ � µ � C `=u
D
· e�d�v w C ` h�i a Frobenius e�dBº {�» º C ` o�i a Frobenius e�dBº {» º C∗ ` i Frobenius b�c�zß�à�x�� ��Þ e � \  W�¢

6.1
_

C `�a�b�c�d�� C
A p a�b�c�`�y���Ë�z�e�º {�» º������b�c C∗ `�y���Ë�z�e�zÜ ¸=¹ �=� M=e C �=�=`E{ED · e=z}|=Ë=�=` Ä=Å e=d ß=à S=ï [=�=�=z

µ � u�b�c�e�Ë�z C∗ ' A1 × A2, � A p a�b�c�d C∗◦ ' A◦
1 ⊕ A◦

2, �(� A◦ `�ab�c A e�u�D�����z�ß�à�u O *�e���� φ: C → C∗∗, � φ e�~�`�J�L�� C∗◦ �e ( |�}�~�� [15] ��� 1.5.12). � φ(C) � C Ò���d�� A p a�b�c�d
C ' (A◦

1 ∩ C) ⊕ (A◦
2 ∩ C).

¸�¹ � A◦
i ∩ C 6= {0} ( ����d�� A◦

1 ∩ C = {0}, � C = A◦
2 ∩ C, r C `�J�L�� A◦

2� e�d � ¯�ß�à�����È � A1 � C
ô e�� p�� d�Ô�Ì�`�Í A1 = 0). Õ É È ï zÀ���e�Z�� � \�`¡�¢

6.1
_

C `�y���Ë�z�e Ã v�a�b�c�d�µ � C ` h�i a Frobenius bc�d�� C e Gabriel !�"���u�� ³ z
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¼�`�d Ã v�eKy���ËKz i a Frobenius b�c�e Gabriel !K"
q
{K� ³ ÔK{K�³ z Ü ����d�� _ C e Gabriel !K"�u � gK� ³ i ∈ I.

_
Si `K�KB�e o v�a� d���� Õ É 2.1, ß�à�u

soc(E(Si)/Si) ' ⊕j∈I

tji

dj

Sj .ê p i `�� ³ d�r�t�u�e tji = 0,
ê�ë

E(Si) = Si.��¼�½�¹ j 6= i, u
HomC(E(Si), E(Sj)) = HomC(Si, E(Sj)) = HomC(Si, Sj) = 0,� M�� � soc(E(Sj)) = Sj k Schur Õ É zá �=Ý=Þ d ê p C ` hEi a Frobenius e=d t=� E(Si) = Si `Eu s e=z ¼=`=d��½�¹ j 6= i ∈ I, u

HomC(E(Sj), E(Si)) = 0

( ����d _ f : E(Sj) → E(Si) = Si ` � g Ã�� C a ��� s d � f `�ç s z ¼�`��
Si e�u s ��d E(Sj) ' Si ⊕ Ker(f), ��� ).¸�¹ � C �

R
∆C � p�o C a � d { u�b�c�� � EndC(C) ' C∗ � f � �

εc ◦ f ( }�~�� [15] ��� 3.1.8).
ê p A p�o C a � d C ' ⊕j∈InjE(Sj), t���ß�àu

C∗ ' EndC(C) ' EndC(niE(Si)) ⊕ EndC(⊕j 6=i(njE(Sj))).

��`�d�� Õ É 6.1 å C∗ `�y���Ë�z�e�d�Ö Ï�� � ����z
� � � �
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