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K

LIQ7A�f5F J
p
VRF L Q�ORA7A

h7H1C5X FlQ�TWXrV7FIH �/�ZF J
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��� ^7Fmc_f5LIDEDUCPc Lsf

� Fsf5X FIH `MH(OdTWh
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L H(F�c_O�Q�J1LZC5Q7FIAaC5Q J_^7F C5XrL `MF Od[RJ_^7F f5ORc Lsf�� T X XrFIH XrLIha[\ORH LZfgfRh�fgL c_FZD

υ
CPQ

Σ
�,� O CoJ;C5D;J_^7F [\Odfgf5O(��CPQ7` !ZFIH Q7FMf

0 � Sk � H1
Σ (A[pk]) �

⊕

υ∈Σ
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$ F � C fgf�c_ORQ�DEC5A7FIH CPQ�J_^�C5D]J_^7FsDECgD L D XjLZf fPFIH `MH(OdTWh	�ZJ_^7F ���������	��
������������ �7@;J J_^7F��WQ�CoJNF
fPF ndFsf ��CoJ4C5D%A7F � Q7FIAjLID4J_^7F [\Odf fPO#� C5Q7`=!IFIHNQ7Fsf

0 � Rk � Sk �
⊕

υ|p
H1(Kυ, A[pk]).


 [ � FSFIXrh7^RLIDUC5DGF�J_^7FSARFIh7FIQ7ARFIQ7c_FjORQ
A

ORH
K
� � F.� C fgf�� H1CoJNF

Rk(A/K)
�1� ^7FSQ7OIJ1LMJNCPO�Q

Řk
D_J(L Q7ARD [\ORH]J_^7F=�WQ7F3� Fsf5X FIH.`sH(OdT h

Rk(Ǎ/K)
[\ORH]J_^7F�A�T7LZf L V7Fsf C5L Qln L H1C5F J<i��
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S = lim−→Sk

O�[/J_^7Fac_fgLIDEDEC5c LZf8� FMfPXrFIH `MH1O�TWh
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� CoJ_^ H(FZDGh7FIcNJ J1O J_^7FlXrLIhRD CPQRA�TWc_FIArVZiSJU^RF
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Od[
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C5D J_H1CondC5LZf ��� ^�CgD�!IFZH Q7Fsf/C5D F#��T7LZf/JNO
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k

��^7FZH1FlJ_^7F f CPXSCYJ%[\Odf fPO#� DmJU^RFSXjT7foJNCPh�f CPc LMJNC5ORQvVZi
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 � � �
H1

Σ (M) � ⊕H1(Kυ ,M)

H2
Σ (M ′) � ⊕H2(Kυ,M

′)

� �� % � � � "$� � � � � ��" � �� )
I/FIXrFIX VRFIH J_^RLMJ ⊕ A7FZQ7O JNFsD J_^7F DET X OsndFIH;LZf fWh�fgL c_FZD

υ
CPQ

Σ
� � ^7F�c_O�QRD J_H1TWcNJNCPO�QrO�[WJ_^7F
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ndCgL J_^7F $ FsCgf � hRLZCPH(CPQ7`4��� ^7F�DUTWH ' FIcNJ CondCYJ<i CPQ � 
+��3 �/[\O�fgfPO#� D[\H1O�X J_^7Fj[ LIc J J_^RLMJ J_^7FSfPO�c LZf]c_O�^7ORXrOdf5OR` i `MH1O�TWhRD

H2(Kυ, A(p))
n L Q�C5DG^ DUCPQ7c F J_^7F i�L H(F

A�T LZfRJNO
TpA(Kυ) = 0

VZiSf5ORc LsfN�RLMJ1FlAdT LZfgCoJ<i�� � ^7F �WHKD J hRLIHKJ%O�[WJ_^7F DGFIc_O�Q7ASD F<��TWFIQ7c F���Cgf f
V7F Lac ORQRDGF#��T FIQ7c_F�Od[ J_^7F�X O�H(Fa`MFIQ7FIHKLZf AdT LZfgCoJ<iSOd[?eRO�CYJNO�T � �RLMJ1F � 
+� x �H�
@%Q7O J_^7FIH4hRLIHKJ O�[WJ_^7F�` fPO�VRLZf/A�T LZf CYJ<i C5D;J_^7F [\Odfgf5O(��CPQ7` D F<��TWFIQ7c F [\O�TWQ7AjVZirpqLIDEDGFsfgD(�

	S�A��0�� ��� �N�:��� ������� � � ����  � � � �'& � � " � ��� �!� ����� ��- %� � � ���"$� p  "$�  �  $� � �������� � ��- ���� #"$�
���  � ���

0 � R � H1
Σ (A(p)) � ⊕H1(Kυ, A(p)) � ̂H1
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Od[��WQ�CoJNF�CPQRA7F%*lCgD O�X O�H h7^dCPc.JNO

Oυ

� $ F DGFIF J_^RL J
λ
LIQ7AlJ_^7F

Zp � F%*sJNFIQ�DEC5ORQ L H(F�TWQRH(LIXjCP�WFIA
OdTdJ1DUCPA7F�J_^7Fah�f5LIc_FZDmL V7Osn�F

p
� 
 QvhRL H<JNCPc_T7f5LIH

λ
[ L cNJNO�H(D%J_^7H(O�TW`s^

GΣ(K)
LIQ7A DGOSCYJ V7Fsf5ORQ7` D

JNO
H1

Σ (Zp) = Hom(GΣ(K),Zp)
�

� T HKJ_^7FIHNX O�H1F J_^7Frh7H(ORA�TWcNJ � [\ORHNXjT7fgL XST D J ^7O�fPA	� DGO ∑
λυ(x) = 0

Cg[
x
V7FsfPO�Q7` D JNO

K×
L Q7A J_^7F DUTWX H(TWQRD Osn�FIH;LZfgf h�fgL c_FZD4CPQ

K
�


\[7J_^7F��IFIO�h7Odf5A�J c ORQ(' FZc JNTWH(F�CgD/!�Q7O#��QaJNOS^7O�fPA [\ORH JU^RF��WFsfPA
K
�ZJU^RFIQlJ_^7F DGhRL c_F

H1
Σ (Zp)hRL HKL XrF J_H1CgDUCPQ7` Lsfgf

λ
^RLID H(LIQ4!

r2 +1
� ��^RFIH(F

r2
D J1LIQ7ARD.[\O�HqJ_^7F Q�TWXrV7FIH O�[ c_O�X hdfPF%* h�fgL c_FZD

Od[
K
�PD FZF �LG F#� c $ CPw w �WeWH(ORhRO�DUCYJNCPO�Q ���:5N�gusw�
 �H�

� ^7F X OdD_JqCPXrh7O�HKJ1L Q J F%*ZLIX h�f5F%C5DqJ_^7F ��� � �$��" � 
  �
Zp � F%*sJNFIQ�DEC5ORQ,�?b%F �WQ7F J_^7F c(idc_fPOIJNORXSCPc

cE^RL HKL cNJNFIH������
χ(σ) ∈ Z×

p

VZi
σ(ζ) = ζ

���	�
χ(σ) [\O�H σ C5QSJ_^7F"�?LZfPO�C5D `MH1O�TWh

Gal(K :K)
L QRA

ζ
CPQ

µ(p)
� � ^7FZQ
�����

λ = logp ◦
�����
χ
C5D LSQ7ORQ � J_H(CYndC5Lsf ^7O�X O�X O�H h7^�CgDGX LID H(F#��TRCPH(FIA,� � FIH(F

logp

C5D
J_^7F

p � L A�CPc4fPO�`ML H(CYJ_^7X Od[�
�� LIDEL� L��
�Ri J_^7FlF%*�h�fgC5cUCoJ%A7FZDGcEH1C5h�JNCPO�Q Od[ JU^RF @%HKJNCPQ H(FIc_CPh7H(ORc_CoJ<i XjL hr[\O�H%c(i�c_fPO J1ORXSCPc F%*sJNFIQ�DEC5ORQRD �

� F"�WQ7A J_^7F [\Odf fPO(��CPQR`l[\ORHNXjTRf5L F�� 
\[
υ
CgD L J C5QG�WQ�CoJ<i�� J_^7FZQ������

λυ = 0
�ab%FIQ7O J1FrVZi

qυ
J_^7F

Q�TWXrV7FIH O�[;Fsf5FIX FZQ�J1D CPQ JU^RFrH(FZDUC5A�TWF7�WFsfPA
Fυ

L J L7�WQ�CYJ1F h�fgL c_F
υ
� 
 [

υ
C5D LIV7OsndF

` 6= p
�

J_^7FIQ

���	�
λυ(x) = logp(qυ) · ordυ(x) = − logp |NKυ :Q`

(x)|`
L Q7AjO J_^7FIH � CgDGF

���	�
λυ(x) = − logp(NKυ :Qp(x)).

@ D Llc_ORQRDGF#�dTWFIQ7c_FG�#� F DGFIF JU^�LMJ
∑

υ-p

�����
λυ(x) = −

∑

υ|p

�����
λυ(x) = logp(NK:Q(x))

C [
x ∈ K× � � 
+�:7 �

V W �#W� � D C�LNJ ]�B L5��LF� L4C-L  �5L��8A F
Zp �

A � I A;M8]J-LNM8]
�IF J

∞K : K
VRF�L

Zp � F%*sJNFZQRDUCPORQ O�[ �?LZfPO�C5D � `sH(OdT h Γ
� �ZF J

M
VRF�L � Q�CYJNF

p � JNORHKDUCPO�Q GΣ �XrORA�T7f5F�� � ^7F X OdD J�CPXrh7ORH<J1L Q�Ja[ L cNJ L V7OdTdJ
Γ
C5DlJ_^RLMJlCoJlC5D L `MH1O�TWh�Od[ c_OR^RORXrOdfPO�` C5c LZf
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A�CPXrFIQRDUCPO�Q 38� 9 QRc_F�LI`MLZC5Q���F CPQ�J_H(ORAdTWc_F LIQ�LIV7V7H(F ndCgLMJNCPO�Q CPQ Q7OIJ1LMJNCPO�QRD �%Q�L X FMfYi�JU^RF
Od[gJNFIQrORc cUT H H1C5Q7`=�.LsfPOdCgD � c OR^7O�X O�fPOR` ir`MH(OdTWh�D

Hi(GΣ(∞K),M) = H i
Σ(∞K,M)

��Cgf fWLZf5DGOSV7F
A7FIQ7OIJNFIArVIi

∞H
i
Σ(M)

�

��� ����D���F�V+�
�@A)%���	�A�

� ^7F DGh7FIcNJ_H(Lsf DGF#��TWFIQRc_F Od[ � ORcE^RDGcE^�Cgf5A � � FIH H(F �PDGFIF��	G F#� c $ C5w w � � ^7FIORH(FIX 
 
 �438�:6 
��WA7FI`MFIQ �FIHKLMJNFZD%L Q7Aj` CondFZD

�F��, ,-�E��� �!���,�  � � � i > 1 � " � ����  � � � �'& � � " � � � �!�������

0 � H1(Γ,∞H
i−1
Σ (M)) � H i

Σ(M)
res� ∞H

i
Σ(M)Γ � 0.

� 
 �9; �

 Q h�L HKJNCPc_T7fgL HH�sJ(L(!ICPQ7`�f CPXSCYJ1D �<��F=�WQRA J_^7F T DGFs[PTRf DGF#��TWFIQRc_F

0 � H1(Γ,∞H
1
Σ (A(p))) � H2

Σ (A(p))
res� ∞H

2
Σ (A(p))Γ � 0

� 
+�9< �
@ QjF%*�h�fgC5c_CYJ ARFZDGcGH(CPh�JNC5ORQjOd[ J_^7F CPQ(' FZc JNC5ORQ.��Cgfgf VRFl` CYn�FIQ f5LMJ1FIH.CPQ>
+�V8��438�

?%������� �O��0����	���	��+=�D�������� ���

�IF J XrFaCPQ�J_H(ORAdTWc_FlidF JmL QRO J_^7FIH D ^RORHKJ_^RLIQ7A	� QRL XrFsfYiS[\ORH4J_^7F hRH1O<' FIcNJNCYn�F fgCPXSCYJ(D Od[?` f5ORVRLsf
c_OR^7O�X O�fPO�` ij`sH(OdT hRDmLID � F1� Lsf�! TWh J_^7F JNO#��FZH.J1O

∞K
�

∞Hi
Σ(M) = lim←−H

i
Σ(nK,M)

��^7FZH1F J_^7F�h7H(O#' FIcNJ CondF fgC5XjCoJ CgD4J1L(!ZFIQ6� CoJU^rH(FZDGh7FIcNJ.J1O J_^7F�c_O�H(FZD JUH(CPcNJNCPO�QrXjL hRD#� � ^RF iSL H(F
D O�X F J C5X FsD A7FZQ7O JNFZA VZi

H � �
�

�F��, ,-�E���:Q���
!��"
M � � � ���! #"$� GΣ(K)  
���% � � � )	� � ����
 � " � � - ��� �$��  ��!� � � � �!������� � � ��% � � 
��  � �  � 
 �

H1(Γ,∞H2
Σ(M))

cor
∼= � H

2
Σ (M)

0 � H1(Γ,∞H1
Σ(M))

cor� H1
Σ (M) � ∞H2

Σ(M)Γ � 0

0 � H1(Γ,∞H0
Σ(M))

cor� H0
Σ (M) � ∞H1

Σ(M)Γ � 0

∞H0
Σ(M)Γ ∼= � 0

*�+�,��- ) @%c_c_ORH(A�C5Q7`lJNO �	G F#� c $ C5w w ��� ^RFIORH(FIX uN�438��33 
 J_^7FIH(F C5D LSD hRFIcNJUHKLZf DGF#�dTWFIQ7c_FSAdTWF
JNO��RLMJ1F�� $ F DGh7FsfgfRCYJ O�T�J4[\O�H

G = GΣ(K)
�
H = GΣ(∞K)

LIQ7A
A = M

�

Ep,q
2 = Hp

(
Γ,
(
lim←−H

2−q
Σ (nK,M)

)∧)
=⇒ H2−p−q

Σ (K,M)∧
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�ZCPQRc_F
Γ
^�LID;c_O�^7ORXrOdf5OR` CPc LZfRA�C5X FIQ�DEC5ORQE3G�MJ_^�C5D;c OdfgfgL hRDGFZD LIQ7A � F�c LIQ F%*sJ_H(LIc J D ^RORHKJ.F%*sL cNJ

DGF#��TWFZQ7c_FZD

0 � H1
(
Γ,∞Hi+1

Σ (M)∧
)

� Hi
Σ(M)∧ � H0

(
Γ,∞Hi

Σ(M)∧
)

� 0.
� 
+��3Zw �

� ^7FS[ L cNJ%J_^RL J J_^7FjFIA7`MFjX O�H h7^�CgDGX C5DmJU^RFrc ORH(FZD J_H1CPcNJNCPO�Q�XrL hvCgD�h7H(OsndFZQ�CPQ �	G F<� c $ CPw w �
J_^7FIO�H1FZX uN��38��3�u 
G�

� � �	��+V+4���"! ��� W!���$� � �  "  � � � �  � � � ����
 � " � � - ��� � ��  ��!� �'& � � " � ��� �!�������

0 � H1(Γ,∞H1
Σ(TpA))

cor� H1
Σ (TpA) � ∞H2

Σ(TpA)Γ � 0.
� 
+��33 �

*������- )�$ F3� C fgfWJ1L(!IF�J_^7FlCPQ7A�T c JNCondFaf CPXSCYJ OsndFIH
k
Od[ J_^7F DGF#��T FIQ7c_F � 
+�43Zw � [\O�H

M = A[pk]L Q7A
i = 1

� 
 QaJU^RF � H(D J LIQ7A f5LID J.J1FIH X5�(� F�FIQ7A TWh"� CoJ_^ J_^�C5Q7` D%fgCE!IF

lim←−
k

(
lim←−
n

Hi
Σ(nK,A[pk])

)
.

CPQaJ_^7F DGFIc_O�Q7ASL H(` TWXrFIQ�J;Od[WJ_^7F
Γ � c OR^7O�X O�fPOR` ir`MH(OdTWh�D(� $ FlcNL Q DQ� L haJ_^7FZDGF�h7H(O#' FIcNJ CondF

fgC5XjCoJ1D L QRA	� T DUCPQ7`���LMJNF�� D L H(` T X FIQ JK�8��F c L Q CPQRDGFIH<J J_^7F h7H(O<' FIcNJNCYndFSfgC5XjCoJ OsndFIH
k
C5QvJ_^7F

c_O�^7ORXrOdf5OR` i `sH(O�TWh,�

� C���� +����N��+F' ��+�
 �

�ZTWh7hRO�DGF
∞Kw : Kυ

C5DrL
Zp � F%*sJNFIQ�DEC5ORQ ��CYJ_^ �.LZf5OdCgD `MH(OdTWh

Γw

� � ^7F L VROZn�F�F+*sL cNJSDGF ���TWFZQ7c_FZD � 
+�V< � L Q7A � 
+��33 � ^RLMndF fPO�c LZf7LIQRLZfPO�` T FZD � V�T�J;V7FIc LsT DGF�Od[ f5ORc Lsf ��LMJNF A�T LsfgCYJ i��sJU^RF i
L H(F L cNJNT LZfgfoi A�T LZfRJNOjFZLIcG^SOIJ_^7FIH �

0 � H1(Γw,H
0(∞Kw, A(p))) � H1(Kυ , A(p)) ≺ H1(∞Kw, A(p))Γw � 0

0 ≺ lim←−H
2(nKw, TpǍ)Γw

g

f

≺ H1(Kυ, TpǍ)

g

f

≺ H1(Γw, lim←−H
1(nKw, TpǍ))

g

f

≺ 0

(

+�43�u

)

� +:� ����+(
� ��+V� �N!

�dO�H � Q7F6� FMfPXrFIH.`MH(OdTWhRD Osn�FIH
∞K

�#��F1��Cgfgf T7D F J_^7F L V7Osn�FaL V7VRH1F ndC5L J C5ORQ	�RQRL XrFsfYi
∞R

[\ORH
R(A/∞K)

� �7iSJ(L(!ICPQ7`�fgCPXSCYJ(D ORQrJ_^7F ` fPO�VRLZf A�T7LZfgCoJ<i OsndFIH J_^7F6� Q�CYJNFlf5LMi�FIHKD
nK

� ORQRF `sF J1D
J_^7F [\Odf fPO(��CPQR` JU^RH1FZF�D J1L JNFIXrFIQ�J1D#�

lim←−RΣ(Ǎ/nK)
C5D A�T LZfRJNO

∞H
2
Σ (A(p))

� 
+��3�5 �
� ^7FIH(F�L H(F�F+*sL cNJ;DGF#�dTWFIQ7c_FsD � J_^7F D1iRX VROdf ⊕ c ORQ�JNCPQdTWFZD JNOrD J1LIQ7A [\ORH]J_^7F�A�CPH(FIcNJ;DET X OsndFIH
LZf f h�f5L c FZD%LIV7OsndF

Σ
�

0 � A(∞K)(p) � ⊕A(∞Kυ)(p) � ̂
∞H2

Σ(TpǍ) � ∞R � 0
� 
+��3 x �
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0 � ∞R � ∞H
1
Σ (A(p)) �

⊕H1(∞Kυ, A(p))
≺0 ≺ ∞H

2
Σ (A(p)) ≺ ̂

∞H1
Σ(TpǍ)

(

+��3�6

)

V W��#W�� � ��L ��L4C-L ;J�B D;C�C�A*� � D
� ^7F�f5FIX XjL J_^RLMJ�CgDjh7H(OZn�FIA ^7FZH1F�C5DShRH1O�VRL V�foi*D J1L Q7ARLIH1A*L Q7A�QRFIFIA Q7O J V7F F%*�h�f5LZC5Q7FIA,�
G F n�FIHKJ_^7Fsf5FZDED�
;c OdT7f5A Q7O J/�WQ7AvL Q i H(Fs[\FIH(FIQ7c_F JNO CYJ%C5QvVRLIDUCPc%JNF%*sJ_V7O�O ! D O�Qv^7ORXrOdf5OR` CPc Lsf
LZfP`MFIV7HKL DUTWcE^ LID�� $ FsC�<sx 
 ��� ^7F%X O�X FIQ J/^RLID LZfgDGO c ORXrF;JNO CPQ�J_H(ORA�T c_F4J_^7F Q7O J1L J C5ORQ ◦ � �

 J���Cgf f7LZf � LMi�D4XrFZL Q�L XjL haC5QaL c_O�cE^RLZCPQac_ORXrh�f5F+*N� � ^�C fPF � � C fgfRV7F T DGFIA O�Q�fYilC [RJ_^7F
c_ORXrh�fPF%*�C5D � & � � " � " " � � � ���� ��� ��- " � � � ���� �
�F��, ,-�#��� ����
���"

F : C � D � � � � � - " �'& � � "�-'����� " �  � ��" � ����� " � � � � � �  � � � � "$� �!� ' � ��  $" � ������� � �  ���+��� "� 


� � ) �   #"$� G = R1F

- ��  $" � �� � "�  � � "�%���' 
 ��% -'����� "$�  � ��% � � � ��
��
" �,� " � � � �  � � �� %���  
 � % -'����� " �  � 
 � �� � � ) � � ��� � �  
 ��� � ���'& � � " � ��� ���������

0 � X1 � X2 � · · · � Xn � 0

 ��
C � " � ���� � �� " ��� ����� ���  � ��� 
 ���$�'&!� �  �� D

0 � F X1 � F X2 � F X3 ◦ � · · · ◦ � F Xn ◦ � 0

0 � GX1 ◦ � GX2 ◦ � · · · ◦ � GXn−1 � GXn � 0.

� ��+� �


�� ��� ����
 � � � ��� �! � � �� � � 
��  � �  � 
 � Hi−1(GX•) = H i+1(F X•)

- �� � � � i )
*�+�,��- ) � C5H(D J���F DGh�fgCoJ;TWh J_^7F�F%*ZL cNJ4DGF#�dTWFIQ7c_F�C5QSD ^RORHKJ4F%*ZL cNJ4DGF#�dTWFIQ7c_FsD

0 � X1 � X2 � Z3 � 0

0 � Z3 � X3 � Z4 � 0���

0 � Zn−1 � Xn−1 � Xn � 0
@ Q7A�Q7O(� ��F c L Q�H(FZLIA�J_^7F c_O�cE^RLZCPQ c_ORXrh�f5F+*ZFZD�OdTdJ�O�[;LvV�C5` A�CgL `MH(LIX C5Q �W` TWH(F 
+��3 O�Q
JU^RF [\Odfgf5O(��CPQ7` hRL `MF�� �dO�H J_^7FvD J1LMJNFIXrFIQ�J ORQ�J_^7F c OR^7O�X O�fPOR` i `sH(OdT hRD �;Q7O J1F>�WHKD_J J_^RLMJ
JU^RF�!IFZH Q7Fsf%O�[%J_^7F XjL h

F Xi+1 ◦ � F X i+2 F#��T7LZf5D
F Zi �4DGO
J_^7F�`sH(O�TWh

Hi+1(F X•)C5D�C5DGORXrORHNh7^�CPc�JNO�J_^7F C5XrL `MF Od[
F Zi � GZ i−1 � 9 Q�J_^7F O J_^7FZH DEC5A7F � JU^RF CPXjL `sF Od[

GXi−2 ◦ � GX i−1 CgD JU^RF�DEL X F�LID J_^7F CPXjL `MF�O�[
GZi−2 � GX i−1 L Q7A*D O JU^RF

c_OR^7O�X O�fPO�` ij`sH(OdT h
Hi−1(GX•)

C5D4J_^7F3!IFZH Q7Fsf Od[
GZ i−1 � GX i �

@4fYJNFIHNQRLMJNCYn�FsfYi��RORQ7Fac L QjT DGF J_^7Fl^�iRh7FIH � c_OR^7O�X O�fPO�` i DGh7FIcNJ_HKLZf DGF#��TWFIQRc_FaARFI`sFZQ7FIHKLMJNCPQ7`
LMJ.J_^7F DGFIc_O�Q7A h�L `sFG�#��CYJ_^ J_H1CYndCgLZf7f CPXSCYJ;V7FIc LZT7D F J_^7F D J1L H<JNCPQ7` c ORXrh�fPF%*

X• C5D F%*sL cNJ �
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0 0

F X1
g

GX1
g

0 � F X1 � F X2
g

� F Z3 � GX1 � GX2
g

◦

� GZ3 � 0

0 � F Z3 �≺ F X3
g

� F Z4 � GZ3 �≺ GX3
g

◦

� GZ4 � 0

· · · ≺ · · ·
g

◦

· · · · · · ≺ · · ·
g

◦

· · ·

0 � F Zn−1 �≺ F Xn−1
g

◦

� F Xn � GZn−1 �≺ GXn−1
g

◦

� GXn � 0

F Xn
g

◦

GXn
g

0
g

◦

0
g

� C5` T H1F"
+��3 �	� ^RFlc ORXrh�fPF%*IFsD L h7h7FsL H.CPQSL�A�CgL `sHKL X

� ^7F�XrLZC5Q h�T H h7OdD F O�[RJ_^�C5D;fPFZX XjL�L H(F JU^RF J ��O c ORH(Odf f5L H(CPFZD A7FIAdTWc_FIA [\H(ORX CYJ� 9 Q7c_F � F
L h7hdfYiSCoJ.JNOaJ_^7F [PTWQ7cNJNO�H

Tp
L Q7AaJ_^7FIQaJNOaJ_^7F [PTWQ7cNJNO�H

H0(Γ, ·) �
� � �	��+V+4���"! ��� 
���
���"

0 � X1 � · · · � Xn � 0 � � � � �'& � � " � ��� �!� ����� ��- ��� ���! $"$� � �(�,��� �� � "$��% � � � � �  � � p  ��' 
 �  � �������� � )�� � � �
0 � TpX1 � TpX2 � TpX3 ◦ � · · · ◦ � TpXn ◦ � 0
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0 � H1(Γ, X1) ◦ � · · · ◦ � H1(Γ, Xn−1) � H1(Γ, Xn) � 0

Q'R�� 2 # =�'d- $ + 0�- + $d=�9���-/#%= U 3 =�� = : � =?$ >?$d94+��

$ FrD J1LIHKJ VZi�L Q�LZfYi�DUCPQR` J_^7Frc_ORXrhRL cNJ�� Q7FO� FMfPXrFIH `MH1O�TWh
R
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XrLZC5Q�H1FsDETRfYJ1D Od[ J_^�CgD DGFIcNJNCPORQ L H(F J_^7F [ L cNJ�J_^RLMJ JU^RF i L H(F

Zp � [\H(FIF L Q7A�J_^RLMJ J_^7FIH(FvC5D L
c_ORQRD J_H1T c JNC5ORQjOd[/LlpqLIDEDGFsf5D � �RL JNF hRLZC5H1CPQR` ORQ R?

�
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ORQ
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TpǍ
LID
k
n�L H(CPFZD#��� ^�C5D c L QrV7FlDUTWXrXrFIA

TWhjC5QlJ_^7F�[\O�fgf5O(��CPQ7` AdC5L `MHKL XrD#�

0 � A[pk] � A(p)
[pk] � A(p) � 0

0 � A[pk+1]

[p]
f

� A(p)

[p]
f

[pk+1] � A(p)
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� 0

0 ≺ Ǎ[pk] ≺ TpǍ ≺
[pk]

TpǍ ≺ 0

0 ≺ Ǎ[pk+1]

g

∩

≺ TpǍ
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�ZJ_^7FIQaJ_^7F J ��OSF%*ZLIc J;DGF#��TWFIQRc_FZD4L H(F�A�T LZf�J1OrFsL cE^ O J_^7FIH]ndCgL=�RL JNF
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0 � A(F )(p) � H1(F, TpA) � TpH
1(F,A(p)) � 0

0 ≺ H2(F, TpǍ)(p) ≺ H1(F, Ǎ(p)) ≺ H1(F, TpǍ)⊗Qp/Zp ≺ 0
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?
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fPO�c LZf

p � JNO�H(DUC5ORQ,�@%`MLsCPQ VIimJ_^7F DGLIX F c_ORH(O�fgf5LIH i=
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0 � TpR � TpH1
Σ (A(p)) � ⊕TpH1(Kυ, A(p))
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(
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c_O�X h�f5F%*IFZD#�

0 0 0 0

Y •�
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�

g

A(K)(p)
g

◦ � ⊕A(Kυ)(p)
g

◦ � H2
Σ (TpǍ)(p)∧

g

Y •
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g

H1
Σ (TpA)

g

◦ � ⊕H1(Kυ , TpA)
g

◦ � H1
Σ (Ǎ(p))∧

g

Y •
� �
g

TpH
1
Σ (A(p))
g

◦ � ⊕TpH1(Kυ, A(p))
g

◦ � Hom(H1
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g
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g
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g

0
g

0
g

(
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(
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 QRD JNFZL A Od[;DUTWXrXSCPQ7`SOsndFZH LZf f.hdf5L c_FsD�CPQ

Σ
� ORQ7Frc_O�T7fPA f5OROG!vLMJmJ_^7F � H(D JmJ � O�H(O(� D�Od[

JU^RF L V7OsndFj^�T `sFSA�CgL `MH(LIX � 
+��3�< �4F n�FIQ Cg[qJ_^7FSXSCPARA�fPF�J1FIH X c_ORQRDUCgD_J(D O�[ JU^RF DET X OsndFZH LZfgf
h�f5L c FZD%LIV7OsndF

p
O�Q�fYi��&
PJ4CgD FZLZD1i�JNOjcG^RFIc+! J_^RLMJ4F n�FIH i J_^�CPQ7` '\T D J � ORHR!�D;J_^7F DGLIX F L QRA"� F

FIQ7A TWh"� CoJU^SL�DGF#��TWFZQ7c_F

0 � R � TpR � I0 � 0
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+� uF3 �

��^7FZH1F
I0

CgD L �WQ�CYJ1Fm`sH(OdT h C5QRDUCPA7F J_^7F c_O !IFZH Q7Fsf Od[IJ_^7FmXrLIh [\H(ORX
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A(Kυ)(p)
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∏
υ|p #A(Kυ)(p)

#A(K)(p)
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J_^RLMJ � F1� C fgf T DGF f5L JNFIH �

a : Hom(R,Qp/Zp) �� Hom(R � �
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HomZp(TpR,Zp)
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 J ^RLID !IFIH QRFsf Od[qORH(A7FIH
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� � ) � H1(Y •
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� � ) � 0

0 � ker(ct)
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T ��� = H1(Γ, A(∞K)(p))

T � �	� =
⊕

υ∈Σ

H1(Γ,H0(∞Kυ, A(p)))

� ^�CPcE^ ��J�CPQ JNO
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Σ (A(p))

res � ∞H
1
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0 � T � �	� � ⊕H1(Kυ , A(p))
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f

Z•
� �

f

T ���

f

◦ � T � �	�

f

◦ � (∞H2
Σ(TpǍ)Γ)∧
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c_O�TWHKD FG����FSDG^7O�T7fPA�XrFIQ�JNCPO�Q�^RFIH(FlJU^RF n�FIH i C5X h7O�HKJ1LIQ�J c_O�Q(' FIcNJNTWH(FjA�TWFaJNO e�FIH H(CPQ � IqC5OdTXrFIQ�JNCPO�Q7FIA CPQaJ_^7F�V7FI` CPQ7QdCPQ7` O�[ J_^�CgD DGFIcNJNCPORQ��
� � �������	�N���	� ����R%1�� � -

λ
%�� ����� � " � � � � � � ��"$� 
  �

Zp  �'&�"$��� �  � � � " � ��� " � �(� �  �' �!� 〈·, ·〉�����  ���� �  %��	�,�����  � "$� ��� " � � ����� ��� � 
 �� �������� � R(Ǎ/K)×R(A/K) )
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t ORH(FIOsn�FIH?JU^RF hRLZCPH(CPQ7` c L QSV7F F%*sJNFZQ7A7FIA,� 
 Q [ L cNJ �sJ_^7F�fPO�c LZfWc ORQ7A�CoJNCPORQ�D ORQaJ_^7F c_O�c(idc_f5F
ξ
L H(FlQRO J%Q7FZFIA7FIA,� � FIQRc_F JU^RFIH(F CgD LlQRLMJNTWHKLZf hRLZCPH(CPQ7`

H1
Σ (K,TpǍ)×RΣ(A/K) � Zp.

� 
+��55 �

�F��, ,-� ��� RR!� � � � 
 � � a : Hom(R(A/K),Qp/Zp) � HomZp
(RΣ(A/K),Zp)

 �� � 
+� u u �

 � � � " � � p  %� 
  �  � � � � �  �  ��!� 〈ξ, ·〉λ "$� " � � ��� ��� � � � ��%� �!� p  � %� � � �  ' �!��- �  � � � λ ∈
H1

Σ (K,Zp) � ��% ξ ∈ RΣ(Ǎ/K) )
� ^�CgDaC5D c_fPFZL H [\H(ORX J_^7FO� LMi�� F hRLIDEDGFIA DUCPXST7fYJ(L Q7FIO�T DUfYi�JNO J_^7FvfgCPXSCYJ(D(� 
 Q JU^RF�cNLIDGF

JU^�LMJ JU^RF L V7FMfgC5LIQ n�LIH1CPF J<i
A

CgD�h7H1C5Q7c_CPhRLsfgfYi�h7OdfgL H1CgD FZA	�qJU^RFIQ J_^7F C5Q7A�TWc FIA
V�C fgCPQRFZL Hm[\ORH X
ORQ

RΣ(A/K)
� CoJU^ n LZfgTWFsDlC5Q

Zp

CgDaD1iRXrXrF J_H1CPc<� � ^�C5D c L Q�V7F ndFIH(C �WFZA AdCPH(FIcNJNfYi ORQ�JU^RF
c_ORc(i�c_fPFZD#� �dORH Fsfgf CPh�JNCPc cUT H n�FZD � CoJ3� C fgf V7F�L h7h�L H(FIQ�J L Q�i(� LMi�[\H(ORX J_^7F [\O�H XST7f5L�T DUCPQ7`
DEC5`sXjL [PTWQ7cNJNCPO�QRD#�

Q'R�� Q 
 �?'	� 
 �*-/#%=.9 $�= - &10 #%= &(>?# -


<Q J_^7F�L HKJNCPc_f5F � � cG^S;�6 
(�4� cE^7QRFsCPA7FZH A7F �WQRFZD L QjL QRLZfoi JNCPc4L Q7A LIQjLsfP`MFIV7HKLZCPc ^7FsCP`M^�J [\ORH.JU^RF
cUfgLIDEDUCPc LZf � FsfPXrFIH `MH(OdTWh
O�[ L Q�L V7FMfgC5LIQ n L H1C5F JNCPFZD ��CYJ_^�O�H1AdCPQRL H i�H1FZA�TWcNJNCPORQ�LMJ LZf f]h�f5LIc_FZD
L V7OsndF

p
� � ^7F LZf5`sFZV7HKLZCPc ^7FsC5`s^ J T DGFZD=
�� LIDEL� LaJ_^7FZORH i L Q7A C5D c_fPOdD FMfYi XrORA7FMfgfPFZA ORQ J_^7F

T DGF Od[ J_^7F C5Q�JNFIHKDGFIcNJNCPO�Q [\O�H X O�Q JU^RF G��FZH1O�Q � � F n�FIH1C `MH(OdTWh CPQ J_^7Fv[PTWQ7cNJNCPO�Q �WFsf5A cNLIDGF
� DGFIF � ��LMJA88�
�� � $ Fv[\Odf fPO#�,^7FIH(F JU^RF�ARFZDGcGH(CPh�JNC5ORQ�Od[ eRFZH H1C5Q � IqCPO�T�CPQ �_e I <�u 
 �PL Q7A�JU^RF
FZLIDUCPFIH.F+*�hdf5L QRL J C5ORQ C5Q � e I <�5ML 
�� �
$ F"�(*SL

Zp � F%*sJNFIQ�DEC5ORQ ∞K
ndC5L L Q7ORQ � J_H1CondC5LZfqcE^RL HKL cNJNFIH λ ∈ H1

Σ (Zp)
L Q7A � F cE^7O�O�DGF L

`sFIQRFIHKLMJNORH
γ
CPQaJ_^7F3�.LZfPO�C5D `sH(OdT h

Γ
�

V W���W Y ����A � D��
e

� ^7FIH(F�CgD L XjL hrc_ORXSCPQR`�[\H1O�X JU^RF � ORcE^RDGcE^�Cgf5A � � FIH H(F DGh7FIcNJ_HKLZfWDGF#��TWFIQRc_F �RDGFIF � 
+�:5 x �H� @%QF+*�hdfgCPc_CoJ4c_O�QRD J_H1TWcNJNCPO�Q	�RARFIh7FIQ7AdCPQ7` O�Q J_^7F�cE^7O�CPc_F�Od[
γ
�dCgD ` CYn�FIQj^7FIH(F �

e : ∞H
1
Σ (A(p))Γ � H2

Σ (A(p)).
� 
+�:5 x �

�ZTWh7h7OdD F
η
C5D L 3 � c ORc(i�cUf5F3��CYJ_^rn�LZf TWFZD CPQ

A(p)
H1FZh7H(FZDGFIQ�JNCPQ7`aL QvFsf5FIX FZQ�J%CPQrJ_^7F DGOdTWH(c_F

Od[
e
� 
PJ c L Q�V7F ��H(CYJ(JNFIQBLIDvL�DGF#��TWFZQ7c_F�Od[�c ORc(i�cUf5FZD

(nη)
H1FZh7H(FZDGFIQ�JNCPQ7` FMfPFIXrFIQ�J1D Od[

H1
Σ (nK,A(p))

��CYJ_^
n+mres(nη) = n+mη

[\O�H
n
fgL H(`sF�FIQ7O�TW`M^,� � � FIH(F�L Q7A CYJ ��^RL J;[\Odf fPO#� D �

JU^RFlQRO J1LMJNC5ORQ
nres

L Q7A
ncor

A7FIQ7OIJNF�JU^RFlH(FZD J_H1C5cNJ C5ORQSL Q7Ajc_O�H(FZD JUH(CPcNJNCPO�Q J1O
H i

Σ(nK, ·)
� �

G F%*sJ �
λ
` CondFZD H(C5DGFaJNO LIQ Fsf5FIXrFIQ�J

l
CPQ

∞H1
Σ(Zp)

�/J_^RL J C5D L DGF#��T FIQ7c_F
nl ∈ H1

Σ (nK,Zp)A7F �WQ7FZA VZi J_^RLMJ
nl = p−n · nres(λ)

� 
 Q7A7FIFZA	�

ncor(n+ml) = p−n−m · ncor ◦ n+mres(λ) = p−n−m · pm · nres(λ) = nl.
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�IF J;T D fPOROG! LMJ
nη ∪ nl ∈ H2

Σ (nK,A(p))
�,� ^7F [\O�fgfPO#� C5Q7` c LZf5c_T7f5LMJNC5ORQ

0cor(n+mη ∪ n+ml) = 0cor ◦ncor (n+mres(nη) ∪ n+ml) = 0cor (nη ∪ ncor(n+ml))

= 0cor (nη ∪ nl)

DG^7O(� D J_^RLMJ CYJ(D c_ORH(FZD J_H1C5cNJ C5ORQrJNO
K

A7O�FZD Q7OIJ A7FZh7FIQ7A�ORQ
n
[\ORH DUT � cUC5FIQ�JNfYirfgL H(`sF

n
L Q7A

J_^RLMJ DGO CYJ A7O�FZD QRO J A7FIh7FIQRA O�Q�J_^7FvcE^7O�DGFIQ�fgCPXSCYJ�DGF#��T FIQ7c_Fj[\ORH
η
� $ FvA7F�WQ7F

e(η) =

λ(γ)−1 · 0cor (nη ∪ nl)
�


 Q hRL HKJNC5cUTRf5L H �?Cg[
η
C5D JU^RF�H(FZD J_H1C5cNJ C5ORQ�Od[ L Q FsfPFIXrFIQ�J�CPQ

H1
Σ (A(p))

CoJlc LIQ*V7F>� H1CYJ(JNFZQ
DUCPXrh�fYi LID

λ(γ)−1 · (η ∪ λ)
�

� ^�CgD CgD;J_^7F�XrL h �
αS,γ

� CPQ �_e I <�u ��h�L HKL `sHKL hR^ x � x � 7 
 � 
 J.C5D4CPQ#' FIcNJNCYndF L Q7AlJ_^7F c_OG!IFIH QRFsf
C5D

∞H
2
Σ (A(p))Γ

� � ^7F [ L cNJNO�H
λ(γ)−1 C5D4CPQ�J_H(ORA�T c_FIAr^7FIH(F ��DGOlJU^�LMJ

e
V7FIc_O�X FsD C5Q(' FIcNJNCYn�F�L Q7A

A7O�FZDlQ7O J A7FIhRFIQ7A
O�Q
λ
V�T�J ORQdfYi O�Q

∞K
� G OIJNFjJ_^RLMJ DUCPQRc_F

γ
C5D L `sFZQ7FIHKLMJNO�H O�[

Γ
�/J_^7F

c_O�c(idc_fPF
λ(γ)−1 · nl

D_JNC fgf ^RLID4CPQ JNFI`MH(Lsf n LZfgT FZD%LIQ7A C5D LIc JNT LsfgfYi DUTWH ' FIcNJNCYndF�ORQ�JNO
Zp

�

V W ��W�� ����A � D��
f

� ^7F �WHKD J ` fPORV�LZf/A�T LZf CYJ<i D J1LMJNFIXrFIQ�J CPQjc_O�H1O�fgfgL H i 
+�:5 `ML ndF T D LIQSCgDGORXrORH hR^�C5DGX

f : RΣ(Ǎ/K) � H2
Σ (A(p))∧.

� 
 ��56 �
@%c_c_ORH(A�C5Q7` JNO �LG F#� c $ CPw w ��h�L `sF x u5 
(�<��F cNL Q F%*�h�fgC5c_CYJNfYiacNLZfPc_T7fgLMJNF CoJ?J_^7F [\Odfgf5O(��CPQ7`/� LMi��
�IF J

ξ
H(FIh7H(FZDGFIQ�J L Q FsfPFZX FIQ J CPQ

ŘΣ

L Q7Arf5F J
ζ
H(FIh7H(FZDGFIQ�J DGORXrF J_^�CPQR` C5Q

H2
Σ (A(p))

���ZCPQ7c_F
ξ∪ζ VRFsfPO�Q7`MD/J1O H3

Σ (Tpµ) = 0
� J_^7FIH(F;C5D L%c_ORcE^RLsCPQ

ψ
� CoJ_^ n LZfgTWFsDqCPQ

Tpµ
DET cG^%J_^RLMJ

dψ = ξ∪ζ ��dO�HmF n�FIH i�h�fgL c_F
υ
CPQ

Σ
�4��FScE^7O�O�DGF LSc_O�cE^RLZCPQ

ξ′υ
��CYJ_^rn�LsfgTWFZD CPQ

TpǍ
L Q7AvLjc_O�cG^�LZCPQ

ζ ′υ��CYJ_^ n LZfgT FZD C5Q
A(p)

DET cG^lJ_^RL J
dξ′υ = resυ(ξ)

L Q7A
dζ ′υ = resυ(ζ)

� � ^7FIQ JU^RFlc ORcE^RLZC5QRD

− resυ(ψ) + (ξ′υ ∪ resυ(ζ))
L Q7A − resυ(ψ)− (resυ(ξ) ∪ ζ ′υ)

L H(F�VRO J_^ c_O�c(idc_fPFsD L Q7A*H1FZh7H(FZDGFIQ�J J_^7F DEL XrF�FsfPFZX FIQ J�CPQ
H1(Kυ, Tpµ)

� � ^7F XrL h
f
CgD

A7F � Q7FIArVIi
f(ξ)(ζ) = −

∑

υ∈Σ

invυ

(
resυ(ψ) + (resυ(ξ) ∪ ζ ′υ)

)
.

V W ��W� ����A>L;I ��A;F � D��#]
t ORH(FIOsn�FIHH� � F�^RLMn�F�J_^7F [\O�fgfPO#� C5Q7` XjL hRD

b : R � ∞R
Γ

c : ∞R
Γ � ∞RΓ

d : ∞RΓ � ∞H
1
Σ (A(p))Γ
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� ^7F XjL h
b
c_ORXrFZD][\H1O�X J_^7F c_ORQ�J_H(OdfIJ_^7FIO�H(FIX 
+��3�6 � J_^7F XjL h

c
CgD?CPQRA�TWc_FIA�VZi J_^7F CPA7FZQ�JNCYJ<i

L Q7AaJ_^7F�XrL h
d
CgD%C5Q7A�TWc_FZAS[\H(O�X J_^7F CPQ7c_fgT7DEC5ORQ,�


\[
η
H(FIhRH1FsD FZQ�J1D L QjFsf5FIXrFIQ�J;Od[

R
�ZJ_^7FIQ

∞res(η)
H(FIh7H(FZDGFIQ�J(D

d ◦ c ◦ b(η) �

VXW���W � ����A ��A B L � �	L8] J IKJ-LNM L �,I ��A
��A(J�*� I

$ F hRH1Osn�F Q7O#� J_^RL J J_^7Frc_ORXrh7O�DUCoJ C5ORQ�Od[ JU^RF A7FsD cEH(CPV7FIA�XjL hRD ` CYn�FZD�L XST7fYJNCPhdfPFjOd[ JU^RF
^7FsCP`M^�J XjL h,� $ F L H HKL QR`sF JU^dCPQ7` DmCPQ LSVdCP` AdC5L `MHKL X J_^RL JmH(FZDGFIXrV�f5FZD%J_^7F A�CgL `sHKL X �P6N��3�u �
CPQ?�RLMJ1F�� D LIHKJNCPc_fPF � �RLMJA88�
 � $ Frc_OdTRfPA�F#��T LZf fYi ��FMfgf]A7HKL� Lrh�CPcNJNTWH(FSfgC�!ZFjC5Q�hRH1O�h7O�DUCoJ C5ORQ
8��gu CPQ � � cE^=;�6 
 �
	S�A��0�� ��� �N�:��� ����R �!� �  #" � " � � � � � 
 � � ��" � "� $��� � " � � p  %� 
  �  � � � � �  ' ���� � � "  � ��� �

λ(γ)−1 · 〈ξ, η〉λ = f(ξ)(e ◦ d ◦ c ◦ b(η))
- �  � � � ξ ∈ RΣ(Ǎ/K) � � % η ∈ R(A/K) ) �� �
  � � '� � � " � � p  � %� � � �  �  ��!�

hλ : RΣ(Ǎ/K) � Hom(RΣ(A/K),Zp)

� � � � � � � � � � � � "$��% ��� " � � ����
 � � �  $"  � � ��- 
 � � �  �� " � � ��� 
 
 �!" � "� 
 � %� � �� � 


R(A/K) ≺ â
Hom(RΣ(A/K),Zp)

∧
1

λ(γ) · ĥλ
� RΣ(Ǎ/K)∧

R(A/∞K)Γ

b
g

c � R(A/∞K)Γ
d� ∞H

1
Σ (A(p))Γ

e � H2
Σ (A(p))

f̂
f

(
� )�� �

)

*�+�,��- ) @ D F+*�hdf5LZC5Q7FIAjL V7OsndFaC5QSJ_^7FlA7FZDGcEH1C5h�JNCPORQ�D Od[/J_^7FaXrL h�D
b
�
c
�
d
L Q7A

e
�dJ_^7Fac_ORc(i�c_fPF

λ(γ)−1 · (η ∪ λ)
H1FZh7H(FZDGFIQ�J1D

ζ = e ◦ d ◦ c ◦ b(η) � $ FScNL QvDGh7FIc_Cg[gijJ_^7FScE^7OdC5c_FSOd[
ψ
C5Q JU^RF

A7FZDGcEH1CPh J C5ORQvO�[
f
LID
λ(γ)−1 · (ω ∪ λ)

T7DEC5Q7` fPFIXrXrL 
+�gusw�� �ZC5XjC f5L H(fYi
ζ ′υ

c L Q V7FScE^7O�DGFIQ JNO
V7F

λ(γ)−1 · (η′υ ∪ resυ(λ))
��� ^7FIQ

f(ξ)(ζ) = −
∑

υ∈Σ

invυ

(
λ(γ)−1 · resυ(ω ∪ λ) + λ(γ)−1 · (resυ(ξ) ∪ η′υ ∪ λ)

)

= λ(γ)−1 ·
∑

υ∈Σ

invυ(ωυ ∪ λ) = λ(γ)−1 · 〈ξ, η〉λ,

T DUCPQ7`rJ_^7F�A7F �WQdCYJNCPO�Q −ωυ = resυ(ω) + resυ(ξ) ∪ η′υ
C5Q�f5FIX XjL 
+�gusw�� � ^�C5DShRH1Osn�FZD JU^RF

D_J(LMJNFIXrFIQ�J [\O�H J_^7F
p � A�CYndCgDUCPV�f5F hRLsCPH1C5Q7` L Q7A J_^7F c ORXrhRLMJNCPV�C fgCoJ<i�CPQ�
+�gu u�� Q�C5DG^7FZD JU^RF h7H(O�Od[ �
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$ F�D J1L HKJ J1O*A7FZA�TWc_F�H(FZDUT7fYJ1Da[\H1O�X OdTWH
p � L A�C5c ^7FsC5`s^ JahRLZC5H1CPQR`N� �dH(ORX Q7O#� ORQ	�;LZf f%H1F �DUT7fYJ(D=��Cgf f ARFIh7FIQ7A�ORQ�J_^7F Q7ORQ � A7FZ`sFIQRFIHKL c(i O�[.JU^RF hRLZC5H1C5Q7`N� � ^RFO�WHKD J H(FZDUT7foJ � h7H(ORh7OdDEC �JNCPO�Q 
+�gu�84�ZCgD;L���CPARFsfYi�V7FsfgC5F n�FIA c ORQ(' FZc JNTWH(F �Zc LZf fPFIA�J_^7F�� FZL(!"�ZFIORhROdfPA J.c_ORQ(' FIcNJ T H1F8� � ^RLMJ

CYJ]c L Q�V7F A7FIA�TWc FIAlLIQ7A�Q�TWXrFIH1C5c LZfgfoi ndFIH(C �WFIA [\H(ORX J_^7F Q7O�Q � A7FI`MFIQ7FIHKL cKi�O�[dJ_^7F ^7FsC5`s^�J ORQ
J_^7F"�WQ7F7� FMfPXrFIH%`MH(OdTWhO� LID LZf5DGOvQRO JNFIA�VZi e�FIHNH1CPQ � I/CPOdT CPQvc_O�H(OdfgfgLZCPH(F 5N� x �:5lCPQ � e I <�6 
 �
�dO�H J_^7Fl`sFZQ7FIHKLZfW[\ORHNXjT7fgLMJNCPO�Q O�[ J_^7F���FZL#!>�IFIO�h7Odf5A�J c_O�Q(' FIcNJNTWH(FaAdTWF J1O>� H(FIFIQRV7FIH(` L Q7A
� cE^7Q7FsC5A7FIH � � F H(Fs[\FIH/JNO �_e I <�uG� p O�Q(' FIcNJNTWH(F 5N�guN� u 
 L Q7A�L h7hRFIQ7A�C *�� CPQ �_e I <�6 
 � � FIF Lsf5DGO
DGFIcNJNCPORQ.0/
+� xa[\ORH4X O�H(Fl^RFsTWH1CgD J C5c4C5Q�[\ORHNXrL J C5ORQSO�Q J_^7F�c_O�Q(' FIcNJNTWH(F��
�F�%,-, � ��� R ��� � - " � � p  � %� � � �	 � � " � �  ' �!� � ��" � ����� ŘΣ � ��% RΣ

�  #" � 
 � �#�!� �  �� Zp

 ���� �  %��	�,�����  � "$� � " � � � ∞H
2
Σ (A(p))Γ = 0 )

*������- ) � ^RFrXjL h
λ(γ)−1 · ĥ = f̂ ◦ e ◦ d ◦ c ◦ b ◦ â C5D LjhRDGFsTWA7O � C5DGORXrORHNh7^�C5DGX T Q7A7FIH4J_^7F

^�iRh7OIJ_^7FZDUC5D#� �ZCPQ7c_F
f
CgD?LIQ�C5DGORXrORHNh7^�C5DGX5� J_^7Fmc O !IFIHNQ7FsfdO�[

e
C5D.L �dTWO JNCPFZQ�J]O�[�J_^7Fmc_OG!IFIHNQ7Fsf

Od[qJ_^7FahRDGFsTWA7O � C5DGORXrORHNh7^�C5DGX
ĥ
� � FZQ7c_F J_^7Fac_O !ZFIH Q7FMf O�[/J_^7F XjL h

e
CgD �WQ�CYJ1FaL Q7A J_^�C5D CgD

h7H(FIc_C5DGFsfoi�JU^RFlAdT LZfWO�[WJ_^7F�`MH1O�TWh"��F1� OdT7f5Ajf C�!IF JNOSDGFIF A�CgDEL h7h7FZLIH;VIiaJU^RF H1FZXrL HR!lL J.J_^7F
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g

≺ ∞H1
Σ(TpǍ)Γ
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Σ(TpǍ)Γ � T̂ � �	� )

= #ker(d) · #T � �	�
#H0(Z•

� �
)
· #H

−1(Z•
� �

)

#T ���

= #ker(d) · #T � �	�
#T ��� ·

ker(b)

coker(b)

= z(d) · #T � �
�
#T ��� · z(b).

�7i f5FIXrXrL�
+�gu�;4�K��F !dQRO(��J_^RL J J_^7F �WHKD J c_O�F�� cUC5FIQ�J CgD
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TpǍ(Kυ) = 0

�
� ^7F�F%*ZLIc J;DGF#��TWFIQRc_F �PD FZF � 
+�gu5 � �

0 � Tυ � H1(Kυ , A(p)) � H1(∞Kυ, A(p))Γ � 0

DG^7O(� D%J_^RLMJ �RC [
υ
A7ORFsD Q7O J A�CondCPA7F

p
��J_^7FIQ

H1(∞Kυ, A(p))Γ
C5D � Q�CYJNFlL Q7Ar^7FIQ7c F J_^7F fPORcNLZf

JNFIHNX CPQaJ_^7F JNO�h H(O(� O�[ � 
+� x(5 � CgD
Λ � J1ORHKDUCPORQ���� ^7FIH(Fs[\ORH(F ∞Y

C5D
Λ � JNORHKDUCPO�Q,�

G O#�7� Cg[
υ
A�CondCPA7FZD

p
��J_^7FIQjJ_^7FaL V7OsndFSDGF#��TWFZQ7c_F hRH1Osn�FZD J_^RLMJ

H1(∞Kυ, A(p))Γ
^RLZD

Zp �c_O�H(LIQ4! F#��T Lsf J1O
2 · nυ · d

����^RFIH(F
nυ = [Kυ : Qp]

LIQ7A
d = dimA

�7�7O�`sF JU^RFIH ��CYJ_^ J_^7F



x u 
+��3Zw�� TWH<J_^7FIH;c_O�QRDGF#��TWFIQRc_FZD

H1FZXrL HR! ORQ J_^7F�n�L Q�CgDG^�CPQ7` O�[
H1(∞Kυ, A(p))Γ

� J_^�C5DmhRH1Osn�FZD JU^�LMJ J_^7FlXjC5A7A�fPF�JNFIHNX CPQ JU^RF
fPO(� FIH DGF#�dTWFIQ7c_FSO�[�� 
+� x(5 �4^RLID

Λ � HKL Q4!rF#��T7LZf/JNO
2 · n · d ��CYJ_^ n = [K : Q]

�=� FIF �_e I <�uG�
eWH1O�h7O�DUCoJ C5ORQ uN��38�:5 
G�

V W Y���W�� � C-L ��D C�BD C�B �8C�D<IKJ�L8M8]
	S�A��0�� ��� �N�:���E��� � ����� � � ��
 � " �,� " " � � p  � %� � � �  � � "�� � " � � ���������	��
��� �������� ��� � ���  � "$��%"$�

∞K
 � ��� �  %�� �!������ � "$� ) � � ��� " � � Λ  
���% � �$� � ̂S′(A/∞K) � ∞H1
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g

g

�
⊕

υ|p

̂H1(Kυ, A(p))

g

� · · ·

� O JU^RFIH(F�CgD L QSCPQ(' FIcNJ C5ORQ [\H(ORX J_^7F �WQ�CYJ1Fa`MH(OdTWh
∞YΓ

A7O(� QSJNO J_^7F
Zp � [\H(FIF Ř
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Σ (∞K, Ǎ[pk])(n) ×Rk
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⊕
(
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(
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��^�C5cE^rC5D QRO JmA�CYndCgDEC5V�fPFlVZi

T
�)� ^7F
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Σ � In/In+1 ⊗Qp
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1
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Σ (TpǍ) ×RΣ

� CoJU^ n�LZf TWFZD C5Q
Zp

� � ^7Fah7H(ORh7O �DECoJNCPORQ>
+�:5 u c L QjV7F�D J_H1FZQ7` J_^7FZQ7FIAaJNOaJ_^7F [\Odfgf5O(��CPQ7` D_J(LMJNFIXrFIQ�J � DGFIF �_e I <�6 �(5N��38� x 
��
	S�A��0�� ��� �N�:��� ��� �W!� � � �  
 � �,� ��- " � ����� �� � " ' � "� � �(- �� 


∞H1
Σ(TpǍ)
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R(Ǎ/K),Zp

) L QRA�J_^�CgD `MH(OdTWh
F#��T7LZf5D

TpŘ
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TpR(Ǎ/K) ⊗ Qp/Zp = R(Ǎ/K) � �
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� Ĥ2
Σ (Tpµ)

g
g

� 0

� R(Ǎ/K)
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Ǎ
DET cG^ J_^RLMJ

mP̃ = P
� �Ri

J_^7F�A7FZDGcEH1C5h�JNCPORQjO�[ J_^7F�A�T LZf �<��F DGFIF J_^RLMJ
αP̃ (u) = αP (u)m

[\ORH LZf f
u ∈ U �

@�h7OdC5Q�J CPQ
XP (C)[m]

c LIQvV7FSH(FIh7H(FZDGFIQ�J1FIA VIi
(z, v)

DUTWcE^jJ_^RLMJ
(zm,m · v) = (αP (u), u)[\ORH DGORXrF

u ∈ U � � FZQ7c_F J_^7FZH1F�C5DmL Q
m

�0^ H1O�O J Od[ T Q�CYJ<i
ζ
DET cG^ J_^RLMJ

z = ζ · αP̃ (u)
LIQ7A

vXjL hRD4J1OrL
m � JNO�H(DUC5ORQrh7OdC5Q�J

Q
C5Q
A(C)

��� ^7FIH(Fs[\O�H(F=� F�c L QSDGFIQ7A
(z, v) ∈ XP [m]

JNO
(ζ,Q)CPQ

W k
ξ

��� ^�CgD%C5D c_fPFZL H(fYiaL Q CgD O�X O�H h7^dC5DGX Od[q`MH1O�TWhRD#�
@%Q FsfPFZX FIQ J

σ
O�[ J_^7F �.LsfPOdCgD `sH(OdT h O�[

F
DGFIQ7ARD

(z, v)
JNO

(ζσ · αP̃ σ(uσ), uσ)
� G O(�8J_^7F

��TWOIJNCPFIQ�J;Od[
αP̃ σ(uσ)

VIi
αP̃ (uσ)

C5D F#��T7LZfdJNO
ακ(P )σ

(uσ)
� � ^7F [\Odfgf5O(��CPQ7` fPFIXrXjL [\OdT Q7A ORQ

hRL `MF 3�;sx C5Q �Nt TWX 7Mw�
lDG^7O#� DmJU^RFIQ JU^�LMJ J_^7FSL cNJNCPO�Q ORQ
XP [m]

CgD J_^7FSDEL XrF LID�O�Q
W k

ξ

�
� ^�CgD)� C fgfWFZQ7AaJU^RFlhRH1O�Od[ O�[WJ_^7F�h7H(O�h7O�DUCYJNC5ORQ



8sx 
 
 
+��3=�7O�H(DGO�H(D

�F��, ,-�E�>�>��� R!��
!��"
u � � � � �	�$��
���� " � -

U � � % T � � � � m  "$�  �  $� � � �� � " � �
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Ǎ(K)× A(K)

��CYJ_^an�LZf TWFZD%C5Q
Qp

� 
 Q J_^7F�FIQ7A	��CYJ JNTWHNQRD O�T�J J_^RLMJ �#��^RFIQjH1FsD_J_H(CPcNJNFIA JNO
J_^7F=�WQ7F3� Fsf5X FIH.`sH(OdT h	�RLZf f hRLZC5H1CPQR`MD%c_OdC5Q7c_CPA7F L QRAjLI`sH(FIF1��CYJ_^aJU^RF

p � L AdCPc ^RFsCP`M^�J��dO�H L Q Fsf fgC5h�JNCPc c_TWH ndF.� F.� C fgf F ndFZQ�JNT LZfgfoi7��H(CYJNFjA7O#��Q J_^7F J(L [PTWQ7cNJNCPORQ�D F%*�h�f CPc_CYJNfoi L Q7A
h7H(OsndF=��^RL J;C5D A7ORQRF�C5Q J_^�CgD DGFIcNJNCPO�Q CPQjX O�H(Fac_O�Q7cEH(F JNF JNFIHNXrD#�
� FIH(F C5D4J_^ �FZORH��FZX F 6 CPQ � 9 FsD�;�u 
G�

	S�	� 0������ ����� � �>�>��� �!� � � � +� �'&� � " � � ��� � "� �� �!��� � 
 �  � �  � 
 λ̃υ

� &�" ����%� ����
λυ

"$�
X∆(Kυ)

�  #" � 
 � �#�!� �  �� Qp ) � - υ %���� � � ��" %� 
  $%�� p � " � ��� " � � 
 � � λυ

 � ���� � �!� ) �!�  ��� � ��� � υ
� � � 
 � p � " � ��
 � �  � ���! � ��� ��� "$� � %�%� #"� � � � � � � � 
�� 
��  � �  � 
 � - " � � - ���
 e ◦ π - � 
� ��� � "� �� �!��� � 
 �  � �  � 
 e

- +��

A(Kυ)

"$�
Qp )



8; 
 
 
+�:5�� ^7F J1L [PTWQ7cNJNCPO�QRD

0 � K×
υ � X∆(Kυ) � A(Kυ) � 0

Zp

λυ

g
⊂ � Qp

λ̃υ

g

��������

*�+�,��- ) � $ F�[\Odf fPO#��J_^7F h7H(ORO�[ Od[�9 FsD_J1FIH1f��F�� � � ^7F TWQ�CE��TWFIQRFZDED4CgD c_f5FZL H.VRFIc LZT DGF J_^7FZH1F�c LIQ
Q7O J%VRF�LIQ�ijc ORQ�JNCPQdTWOdT D X O�H h7^dC5DGX

A(Kυ)
JNO

Qp

Cg[
υ
A7O�FZDmQ7OIJ%A�CondCPA7F

p
�

� ^7F�LIDEDGORc_C5LMJ1FIA DGF#��TWFIQRc_F�Od[��sCPF LsfP`MFIV7HKLID Osn�FIH
Kυ

�dDELMi

0 � g � x � n � 0,

LID�LvDGF#��TWFIQRc_FvOd[.n�FIcNJNORH D h�L c_FZDlOsndFIH
Kυ

C5D�DGh�f CYJ���IF J
r′

V7F f CPQ7FZLIH DGFIcNJNCPO�Q
x � g

�
�ZCPQ7c_FjLZf f/�MCPFjLZfP`MFIV7HKLID�L H(F c ORXrXjT�J(LMJNCYndFG� J_^7F XrLIh

r′
C5D�LvXrORHNh7^�CgD X O�[��sC5F LZf5`sFIVRH(LZD(�

� FIQRc_F J_^7FIH(FaF+*ICgD J1DmL Q O�h7FIQ
V

C5Q
X∆(Kυ)

L Q7ArL XrORHNh7^�C5DGX
r
O�[ �sC5Fa`MH(OdTWh�D [\H(ORX

V
JNO

K×
υ

� ^7OdD F J1L QR`sFIQ J�XrL h C5D
r′
� G O(�

r
C5D LrDGFIcNJNCPORQ�O�[

j
H1FsD_J_H(CPcNJNFIA JNO JU^RFjC5XrL `MFrOd[

r
�

$ F c L QSF%*sJNFIQRAlJU^RF A7F �WQ�CoJNCPORQSO�[
r
JNO
j(K×

υ ) + V
� G OIJNF JU^�LMJ?J_^7F�C5Q7A7F%*lOd[

j(K×
υ ) + V

CPQ
X∆(Kυ)

C5D �WQ�CoJNF �dDUCPQ7c_F�CoJ1D C5XrL `MF�CPQ
A(Kυ)

C5D LIQSORh7FIQjDUTWV7`MH(OdTWh Od[ JU^RFlc ORXrhRL cNJ `MH(OdTWh
A(Kυ)

��� ^7FIH(Fs[\O�H1F1� FacNL QSF%*sJNFIQ7A J_^7F�XrL h
λυ ◦ r

JNO
X∆(Kυ)

�
G O J1F JU^�LMJ C5Q�J_^7F c LZD F J_^RLMJ J_^7F h�fgL c_F CgD%QRO J L V7OsndF

p
�sJ_^7FIQ JU^dC5D4L cNJNT LZfgfoilDELMi�D?J_^RLMJ]J_^7F

n�LZf T LMJNCPO�Q
ordυ : K×

υ � Z
cNL QSV7FlF+*sJ1FIQ7A7FIA JNOSLl^7ORXrORXrORHNh7^�CgD X [\H1O�X

X∆(Kυ)
JNO

Q
�

t FZL Q(��^�C fPF � C [WJ_^7F
υ
A�CondCPA7FsD

p
� J_^7F�c_O�Q�JNCPQ�T OdT DmXjL h

e
[\H(ORX

A(Kυ)
JNO

Qp

XjT D J4V7F�Od[
JU^RFS[\O�H X

g ◦ L
� CoJU^

g
CgD

Qp � f CPQ7FZLIHmXrL hv[\H(ORX J_^7F5�sC5F LZfP`MFIV7HKL
n
JNO

Qp

L Q7A
L

CgD J_^7F
fPOR` L H(CYJ_^7X [\H(ORX JU^RF [\O�H XjLZfW`MH(OdTWhjCPQ�JNOaJ_^7F7�sC5F LZfP`MFIV7HKL��
�IF J

∆
V7FaLjA�CYndCgD O�H O�Q

A(K)
�/LZf5`sFZV7HKLZCPc LsfgfYirF#��T7Con�LZf5FIQ�J4JNO �_FIH(O��/A7F �WQRFIA OsndFIH

K
� �Ri

A7F �WQ�CoJNCPORQ Od[WJU^RF F%*sJNFIQRDUC5ORQ � 
 
 
+��3 � Od[
A

VZi
Gm

LIDED O�c_C5LMJNFZA JNO A�CYndCgDGORH
∆
�dJ_^7FIH(FlF+*ICgD J1DmL

H(L J C5ORQRLsf�DGFIcNJNCPO�Q
s∆

Od[
π
[\H(ORX

A\ |∆| JNO X A7F �WQRFIA OsndFZH
K
�MTWQ�CE��TWFmTWh JNOlXST7fYJNCPhdfgCPcNLMJNCPORQ

VIiSLlDGc Lsf5L H?C5Q
K× �

p ^7O�O�DGF Q7O(��L �UFZH1O � c(idc_fPF a
Od[7A7FI`MH1FZF �_FIH(O�ORQ

A(K)
� ^7O�DGF DET X�C5D

Q
���dORH F ndFIH i � Q�CYJNF

h�f5L c F
υ
��A7F �WQRF�L�D1iRXrV7O�f

(∆, a)υ = λ̃υ ◦ s∆(a) =

N∑

i=1

ni · λ̃υ ◦ s∆(Qi),
C [

a =

N∑

i=1

ni (Qi)
�

�ZCPQ7c_F
a
^�LID�ARFI`sH(FIFjw4�7J_^7FSF%*�h7H(FZDEDEC5ORQ�A7O�FZD Q7OIJ A7FZh7FIQ7A�ORQ J_^7F DGc LZfgL H [ LIc J1ORH O�[

s∆
�6
PJ

DGL J CgD%�WFZDlJ_^7F h7H(ORh7FIH<JNCPFZDjO�[%J_^7F G��FIH(O�Q�D1iRXrV7OdfgD(�:� FZF�DGFIcNJNCPO�Q ;
O�[�G �FIH(ORQ � DjDGFIXjC5QRL H
J1LZf�! �	G �FIHL;�u 
(�/[\O�H JU^RFrARF J1LZC f5D �qO�H DGFIcNJ C5ORQ xvOd[ � � cE^=;�u 
lL Q7A�^�CgD H(Fs[\FIH(FIQ7c FlJNO � � fPOS; w�
G�
� FIF LZf5DGOlJ_^7FIO�H(FIX 338�V8�� u�C5Q � �ZL QS;�5 
 �
� ^7F�L V7OsndFlc_O�QRD JUH(TWcNJNCPORQjO�[

λ̃υ

c L QSLZfgDGOSV7F ndCPF � FIASLID L�DGFIcNJNCPO�QS[\H(O�X J_^7F7�sCPF LsfP`MFIV7HKL
n
Od[
A

JNO�J_^7F �MCPFvLZf5`sFZV7HKL
x
O�[
X∆

� � ^7FvLZDGDGO�cUCgLMJNFIA XjL h�[\H(ORX L Q
ORhRFIQ DET V7`sH(O�TWh
U




 
 
 ��5=� ^7F J1Ll[PT Q7cNJ C5ORQRD 8<

Od[
A(Kυ)

JNO
X∆(Kυ)

c L Q�V7F"� H1CYJ(JNFZQ�C5QvJNFZH XjD Od[ JU^RFrVdCPHKLMJNCPO�QRLZf?XrLIh
ψ
C5Q � 
 
 
 � u � LID�L

DGOdf T�JNCPORQ
θ∆,υ

J1O J_^7F�F#�dT LMJNCPO�Q

F∆(x, y) =
θ∆,υ(x+ y)

θ∆,υ(x) · θ∆,υ(y)� ^7FIH(F
F∆

C5D;D JNCgf f J_^7F HKLMJNCPORQ�LZf�[PT Q7cNJ C5ORQaORQ
A×A � CoJ_^ A�CondC5DGORH

sum∗(∆)− p∗1(∆)− p∗2(∆)
�

@%c_c_ORH(A�C5Q7`lJNO G �FIH(ORQvC5Q �	G �FIH	;�u � DGFIcNJNCPORQ 5 
(�WJ_^7FIH(FSF%*IC5D J1D L QRLsfYi JNCPc [PTWQ7cNJNCPO�QRD DELMJNC5DU[gidCPQ7`
J_^�C5D F#��T L J C5ORQ L QRA J_^7F iSORQ�foijA�C� FZH;VIi L QjF%*�h7ORQ7FZQ�JNC5LZf7[ LIc J1ORH O�[qL [PTWQ7cNJNCPO�QSOd[ J_^7F�[\ORHNX
g ◦L

LID%L V7OsndF����ROjV7Flh7H(FIc_C5DGF �<��F DG^7O�T7fPAjXrFIQ�JNCPO�Qr^RFIH(F�J_^RL J.J_^7F L QRLZfoi JNCPc;[PTWQ7cNJNCPORQ CgD
ORQdfYirARF �WQ7FIASCPQSLlQ7FsC5`s^RV7OdTWHN^7ORO�A

U
O�[
O

C5Q
A(Kυ)

� 
\[N��F�� OdT7f5Ajf C�!IF JNOrF%*sJNFIQ7ASCYJ �#��F
^RLMn�F JNO h�LIDED4JNOSL �WQ�CoJNF�c_OsndFIH(CPQ7` DGhRL c F��
� ^�CgD XrFZL QRD J_^RLMJ?JU^RFlXjL h

sυ(Q) = ψ(θ∆,υ(Q), Q)
C5D L�DGFIcNJ C5ORQjOd[

π
�

0 � K×
υ � XP (Kυ)

π � A(Kυ) � 0

A(Kυ) \ |∆|
∪

fsυ
≺

�ZCPQRc_F J_^7F�D1iRXrV7Odf
(∆, a)υ

A7ORFsD Q � J A7FIh7FZQ7A O�QSJ_^7FaDGc Lsf5L H.[ L cNJNO�H%O�[ J_^7FlD FZc JNC5ORQ	�(��F �WQ7A
J_^RLMJ

(∆, a)υ = λ̃υ ◦ sυ(a)

0 C5L
ψ

J_^7FIH(F CgDjLZf5DGO*LIQ ORVZndCPO�T D cE^7O�CPc_F�Od[ J_^7F�DGFIcNJNCPO�Q
r
C5Q�J_^7F
h7H(ORO�[ O�[ h7H(ORh7OdDUC �JNCPO�QO
 
 
+�:6 ��QRL XrFsfoi J_^7F h7H(O#' FZc JNC5ORQSORQlJ_^7F��WHKD_J.[ L cNJNO�H � � FIQ7c_F
λ̃υ ◦ sυ = λυ ◦ θ∆,υ

� @%`MLsCPQ	�
ORQdfYil[\ORH]h�fgL c_FZD

υ
L V7Osn�F

p
L A�C� FZH1FZQ�J cG^ROdCPc F�Od[dJU^RFmJ_^7F J1L [PTWQ7cNJNCPORQ���Cgfgf�L�qFIcNJ J_^7F�H(FZDUT7foJ

VZijL A7AdCPQ7` L fgC5Q7FZL H][\ORH X Od[ fPOR` L H(CYJ_^7XjD ORQ
A
�

� ^7FZH1FM[\ORH(F �dA7FIh7FZQ7A�CPQR` ORQjOdTWH;cE^7O�CPc_F O�[qL J_^7F J1L [PTWQ7cNJNCPORQ
θ∆,υ

[\ORH]J_^7F�h�fgL c_FZD L V7Osn�F
p
�

J_^7FIH(F C5D%Lah�LZCPH(CPQ7` O�Q
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ÃFυ

��LMJ fPFZLZD_J.Cg[qV7OIJU^jL H(F DUTWh7h7O�HKJNFIAjCPQaJ_^7F�c_ORQRQ7FIcNJNFIAjc_O�X h7O�Q7FIQ�J�

V2V�V W #WZY �,AG��D F�� ]
� ^7FZDGF DUC5Q7` f5F F%*sJNFIQRDUC5ORQRDmL H(F O�Q�fYivO�Q7F DUCPA7F Od[ L DGh�f CYJ(JNCPQ7`lOd[]V�C � F+*sJ1FIQRDUCPO�QRD#� � ^7F hROdCPQ J
Od[WndCPF � Od[ V�C � F%*sJNFIQRDUC5ORQRD C5D cNL H H(CPFIASO�T�J4CPQ � t�L �RL;�5 
G�



7Mw 
 
 
+�:5�� ^7F J1L [PTWQ7cNJNCPO�QRD


\[�J_^7F LIV7FsfgCgL Q n L H1C5F J<i
A
^RLZD.O�H1AdCPQRL H i H(FIA�TWcNJNCPO�Q LMJ LZf f h�fgL c_FZD

υ
LIV7OsndF

p
� J_^7FZH1F F%*IC5D J1D]L

c L Q7O�Q�CPc LsfZ[PTWQ7cNJNCPO�Q
θ∆,υ

��^�C5cE^ ` CondFZD?H1CgDGF4JNO J_^7Fmc L QRORQ�C5c LZf ^RFsCP`M^�J hRLZCPH(CPQ7`%ORQ J_^7Fmc_f5LZDGDUC5c LZf
� FsfPXrFIH `MH1O�TWh,�&��ORHqJU^dC5D�� F H(Fs[\FIH/JNO � t�L<��L< 3�
 LIQ7A �KpqOdf�<;4�ReWH1O�h7O�DUCoJ C5ORQO
 
+�V8��43 
 �5CPQ JU^RF
c LIDGF Od[ Fsfgf CPh�JNCPc c_TWH ndFZD�� L Q7A �	G ORHL;�6G��DGFIcNJNCPO�Qax 
 �

 Q L XrORH(F `sFZQ7FIHKLZf7DUCoJ T7LMJNCPORQ���ORQ7F cNL Q c_O�QRD JUH(TWcNJ

p � L AdCPc;^7FsC5`s^ J;h�LZCPH(CPQ7` D4LIDED O�c_C5LMJNFZA�JNO
� DGh�fgCoJ(J C5Q7` D Od[qc_FIH<J1LZC5Q � ORAR`sF �7fYJ_HKLMJNCPO�QRD � �

V�V2VXW�#W�� �/M I ��A � M�A�� LNF���A;CPC
���

A;J CK F LF�5�
�dH(ORX h7H(ORhRO�DUCYJNCPO�Q5
 
 
+� x6� F�A7FIA�T c_FaQRO(��J_^7F [\Odf fPO#� C5Q7`
	S�A��0�� ��� �N�:��� �>�>���:Q���
!��"

P � � � � �� ���"  ��
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∑
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e(P )
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2 + · · ·
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∆
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Ê
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.
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Tp(Ê(pZp) ⊗
Qp/Zp) = Ê(pZp)
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