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m�lKcjlKefa$Å�Æ
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bdq>a*ÅE½iGÄ�i�lpmOÆcj^AÇ��:^4e_^4q<^A`4bsn«^�Å8� bsn2cZ^sbSÅËn2½q�^A` ÅE½:h�nGbsg<cj^ â qh�n«^4q<^�Å«Å bSÅ«ÅË½mOÆ:n«hZlpqÅ��nEÄlp½:efÄ i�^A`«nGbdhZq:cZaOn«Ä^(i�lpq>]f^A`AÅ«^¿�l_^�ÅÈqlSnkq<^�i�^�ÅEÅGbs`GhZc�aOÄ<lKcj� J �
9/J;:�<(Y��>=�R���� ? ���"T�'��A@
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Å«^�ý_½^�qi�^�Å J ð¼Ä<^A`A^�o¼^A`A^¿Æ:`AlwlS·|ÅklS·2�:^�ef^4q<^A`4bsnEhjlpq�lS· nEÄ<^öklw�/e_^A¹®�:^ � Ä8bdm ÅËÆ
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�:^�i�lpmOÆUlfÅËh�n«hZlpq$·|lK`
Qp

¹1�4nGbdcj^�i�lKÄlpm�lKcjlKefa J D ��^4cZhZepq^4¹���cZcZ½ÅEhj^K}X¹ � b�awq<bd½��8hZq�·�bKiAn¼bKi�i�lpmOÆcZhjÅËÄ�n�o¼l(nEÄhZq:efÅ�}�^sbSiGÄ�lKq<^
hZq>]flpc�]whZq:e�b*Å«^AÆUbs`4bsn«^�gh�n�lS·ÏiGÄ<bs`4bSiAnG^A`GhjÅ�n«hZi

p
eflwlw�/q<^�Å«Å��ß�Aí

•
ð¼Ä^�a$efh�]_^kbdq�^4cj^4m�^�qwnGbs`Ga�bs`Gep½:m�^�qwn Æ`Gld]whZq:e��:^�ef^4q<^A`4bsnEhjlpq�}|½q�^A` i�^4`EnAbdhZq�Ä>a_Æ
lSn«Ä^�ÅE^�Å«�"hZq�iGÄ<bs`4bSiAnG^A`GhjÅ�n«hZi
p
Êbdq<� �^��:½i�^��:^�ef^�q^A`4bsn«hZlpq�hZq iGÄ8bs`4bSiAnG^A`GhZÅËnEhji § g/a É ÅËnGbdq<�bs`A��bd`«ef½:m�^4qwnGÅ J Ì

•
ð¼Ä^�a±ephZ]f^�b��:hå`A^�i4n$ÅËhZmOÆ<cZ^�bd`«ef½:m�^4qwnO}X`A^4cZawhZq:eÀlpq±gU^�hZq:e�hZq�iGÄ<bd` J

p
��·|lS`�b m�l_�:h â ^��±]_^A`AÅËhjlKq lK·���º¿¾]Kbdq:hjÅEÄ:hZq:e�h�qOiGÄ<bd`AbSi4n«^4`«hjÅËnEhji

p
Êfbdq���:^��/½<i�^È�¿º�¾�]Kbdq:hjÅEÄ:hZq:e�h�qOiGÄ<bd`AbSi4n«^4`«hjÅËnEhji § g/a É ÅËnGbdq<�bs`A�$bs`Gep½m�^4qwn«Å J Ìð¼Ä^ â `GÅËn�gh�n$lS·�iGÄ8bs`AbKiAn«^4`«hjÅËnEhji p
eflwlw�/q<^�Å«Å�bdcZcZldo�Å���^4cZhZepq<^A¹ �|cZcZ½ÅEhj^(n«l�Æ:`Ald]f^*nEÄ<^�·|lKcZcjldokh�qe ÅËnGbdn«^4m�^�qwn�okÄ:hjiGÄ

·�bdh�`Gc�aÀ^sbSÅEh�cZaÀhZmOÆ<c�hj^�Å�bdq bdq8bdcjlKe�lK·kö�l_�:ef^4¹��^ � Ä8bdm �^4ef^�q^4`Absn«hjlKqÀhZq iGÄ<bs`4bSi4n«^A`GhjÅ�n«hji
p
J �æ^A·|lK`G^�ÅËnGbdnEhZq:e h�n�Ê
cj^Ansë Å

`A^�i�bSc�c8Å«lKm�^�lK·UnEÄ<^�gUbSÅËhji�Å lS·ÏÂ_`AlSg
^4qh�½<Å�Ê_bdq��Æ½/nÈ½/Æ�b��/hXbdep`AbSmª`A^4m�hZq:hZq�O½<ÅælK·"okÄ^4`G^¿^4]_^A`Gafn«Ä:hZq:e$hZÅ�í üw½/ÆÆ
lpÅ«^
ShjÅ�bdq

Fp

Å«iGÄ^�m�^KÊ:bdq<�
X
bdq

S
¹®Å«iGÄ^4m�^ J -6^�Ä<b�]f^�bsg8ÅElpc�½:n«^�Â_`AlSg
^4qhZ½Åæm�bsÆ<Å

FX : X → X
bdq<�

FS : S → S
J ð¼Ä<^A`A^

hjÅ*bdcjÅ«l�b�`G^�cjbdnEhZ]f^�Âw`GlKgU^�q:hZ½Å�m�bsÆ
F = FX/S : X → X ′

�^ â q<^��þg/a6nEÄ<^O·|lKcZcjldokhZq:e�i�lpm�m*½:nGbsn«h�]_^O�/hXbdeK`4bdmñokh�n«Äi�bd`EnG^�ÅEhjbSq�Å«ýf½8bs`A^

X
FX/S

//

  
@

@

@

@

@

@

@

@

FX

��

X ′

��

// X

��

S
FS

// S¾kldo�Ê/o¼^(i�bdq�ÅËnGbsnG^Kí
��t uwvxSu_y�ä"{|z<{��2� � S

��� � � Fp

Á�� �s� ���� � S̃ ��©����w��¶� � ¨�� ���(@÷� ¨ S
�f�w���

Z/p �  ��U�_�/�8�f�d� ���8�w� X
�|� � ���À�K� ���

S
Á�� �d� ���� ��� �-� F : X → X ′ ��� ����� �j�w� �|�>���U���/�4���U����S �¡ � �s� �k��� � ¨ � ��� � .¼�|�(@ � �����4¬��<�|� �w� �s� �Ë²}�bK�

X ′ � �f� � � � �	�(�w��� � ¨s� � � � ©�
 �/� ¨ �f�s� �w� ���f� �f�w��� ¶ S̃ �}|g8�
τ6 ? F∗Ω•

X/S

�|�þ�:� � �f���8�f� � � � ���� D(X ′) ©� ������� ��� � � ��� � ���À�s� � � ¨ D(X ′)
�����f��� �f� ��� �|����� �-� � Á

� �®�f���"  ¶��}�i��
τ<pF∗Ω

•

X/S

�|���/� � �_�*�8�_� � � � ����� D(X ′) �}��� ¡ � �������|� � ¬�� � �4��ÁË�|�d�f��f�«� � ���4� �|� D(X ′)
⊕

i<p

Ωi
X′/S[−i] ∼= τ<pF∗Ω

•

X/S �
��qÅËn«^sbS��lK·"Æ`Gld]whZq:e�h�nsÊ(�Eë cZc
^AÇwÆ<cjbSh�q�nEÄ<^�g<h�nklK·-iGÄ8bs`AbKiAn«^4`«hjÅËnEhji

p
e_lwl_�:q^�ÅEÅ�Ê�ÐË½ÅËnEh�·XaOnEÄ<^�^�ý_½:hZ]Kbdcj^4qi�^¿lK·"n«Ä^�cXbSÅ�nÈn�o¼l

Æ
lKhZqwn«Å�Ê<bSq��efh�]_^�b�ÅËnË`AlKq:e�bd`«ef½:m�^4qwn¼·|lK`(^4Ç_Æ
^�iAnEhZqeOnEÄ^ â `AÅ�n¿n�oÈlOÆ
lph�qwnGÅknGlOg
^$^�ý_½h�]Kbdcj^�qwn$}|cj^�b�]whZq:e�nEÄ<^�`A^�ÅËn�·|lK`�Kb�a/� J
ð¼Ä:hjÅ¼n«½/`GqÅ�lp½/nknGl�g
^�^4q<lK½epÄ n«lO`A^�i�ld]f^4`�c�hZm�h�n«^���iGÄ<bs`4bSiAnG^A`GhjÅ�n«hZi

p
bdq<bdcjlpefÅklS· �^4ef^�q^4`Absn«hjlKq�lK·ÏnEÄ<^$öklw�/e_^A¹®�:^

� Ä8bdm ÅËÆU^�iAnE`Abdc
Å«^�ý_½<^4qi�^�bdq���¿º�¾ ]SbSq:hjÅËÄhZq:e J ð l��l*Å«l/Ê>o¼^Kë �ÀbsÆÆcZaOnEÄ<^�ð¼Ä<^�lK`G^�mÃhZq�n«Ä^(i�bKÅE^(lS·
� 8 � ��� � � 9/J �  �ð-bd»_^

S = ������� k
Ê/okh�nEÄ

k
b$Æ
^A`«·|^�iAn â ^�cj��lS·ÏiGÄ<bs` J p > § J ð¼Ä^�q"Ê S̃ = ������� W � (k)

hjÅ�b�ì<bdn�cZhå·jn«hZq:e
lS·

k
ld]f^4`

Z/p � = W � (Fp)
J }>�|qÀ·�bSiAnsÊ/h�n�hZÅknEÄ^(½q:hjý_½^(ÅE½iGÄ�½/Æ�nGlOhZÅ«lKm�lK`EÆ<Ä:hjÅEm�g/a�ef^�q^A`4bdc
�^A·|lS`Gm�bsn«hZlpq�n«Ä^�lK`«a

ÅEh�q<i�^ ������� k
hjÅ�b���q^�bdq�

S/k
hjÅ�ÅEm�l_lKnEÄ J � � ��q�nEÄhZÅ¿i�bSÅ«^KÊ

FS : S → S
hjÅ�bdqÀhjÅElpm�lS`«ÆÄhZÅEm�Ê>bdq��cZh�·jnEhZqe

X/S
bdq�

X ′/S
hjÅk^�ý_½h�]Kbdcj^�qwn J

-6^�i�bdq��^��:½i�^kb(iGÄ8bs`AbKiAn«^4`«hjÅËnEhji
p
bdq8bdcjlKe�lS· �¿º�¾ ]KbdqhjÅËÄh�qe��:h�`G^�iAnEcZa$·j`Glpm�n«Ä^�bsg
ld]_^ÈnEÄ^�lS`A^4m ½ÅEhZq:e�bdq�^�bKÅËa

bs`Gep½m�^4qwn n«Ä<bsnsë Å¼]_^A`Ga��^AÆ
^4q<�:^4qwn¼lKq nEÄ<^¿·�bSiAnkn«Ä<bsn�o¼^Kë `G^�hZq�iGÄ<bs`4bSi4n«^A`GhjÅ�n«hji
p
í

��t uwvxSu_y ä
{Zä }>��^4cZhZepq^4¹���cZcZ½ÅEhj^A¹ � b�a_q8bd½:�<�A{��-� � S = ������� k � ¨ �f� k � �U��� ¨ � �d� è � � ��� ¨��d�<� � �/�d� ���s�|� � � � p > §w�
� �-� S̃ = ������� W � (k)

 ��U�_�/�8�f�S�
X
�|� � �4�À�p� ��� �
���«çd� �d� �|�w� k

Á�� �d� ���� ���<�w��� �f� � � � �±� � ¨�� ���(@ � � W � (k) = S̃ �
� �-� L � � � ��� � ���|�U�w�s� � ��� � ��� � � �«¨ �f� X

  ¡ � ��� � Hq(X £ Ωr
X ⊗ L ) = Hq′

(X £ Ωr′

X ⊗ L ∨) = §�¨ �f� q + r >

µ���� { ³/´Zµ X £ ÿ ³:´�µ X − p} � q ′ + r ′ < µ�´! { ³/´Zµ X £ p}
  © ������� � q + q ′ = r + r ′ = ³/´Zµ X

  ¶
D =#"%$�&�&('�)*",+-&/.-02143%+-$/5-6>.874$/9:+*;4;43<)#+*5=7?>�9<029

p @ +*A�$/5B+-'4+-&/C�9%$/9D+-'�AE"<7�0F5G)#HI;�+*3%$/9<)#'J"%7�02)-3K0LHNM!)-3:O="%+-&/0F+-'�AQPR0="K"<$S52)#7�)#HT)#&/)-.*CVU� =�;�+*5G0B)*MR&�$ MW"<9X$/98+Y"K)-3<9K)-3XM!)-3
H Z ( [V\^]2_ k ` TS/k) = a U 9
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�k���K� ¨  
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(X £ Ωr′

X ⊗ L ∨) = § ·|lK` q ′ + r ′ <

µ�´  { ³:´Zµ X £ p}
J � a÷ü>^4`E`A^�]Kbdq:hjÅEÄ:hZq:eÊUnEÄ<^A`A^�hjÅ$Å«lKm�^

n
Å«l nEÄ8bsn

Hq′

(X £ Ωr′

X ⊗ L ⊗pn

) = § ·|lS`�bdcZc q ′ > § bdq<�bdcZc
r ′
J � a6ü/^A`«`G^��:½<bdcZh�n�apÊ

Hq(X £ Ωr
X ⊗ L ⊗−pn

) = § ·|lK`$bdcZc q < ³/´Zµ X
bdq<�6bdcZc

r
ÊUbSq�ÀhZqÆ8bs`«nEhji4½cXbs`�okÄ^�q^4]_^A`

q + r < µ�´  { ³/´Zµ X £ p}
J }�ð¼Ä8bsnkg8bKi«»�bdq��·|lS`«nEÄ�m�bS�^�m�a�Ä<^�bS��ÅËÆhZq8�ß�

¾kldo�Êwg/a�h�q<�/½<iAnEhjlpq�lKq
n
}|okh�nEÄ

M = L ⊗−pn− � �AÊ/h�n�ÅE½ ��i�^�ÅÈn«l*Æ:`Ald]f^�nEÄ8bsn
#*ù|ô%3�yéï¿�U�f�/�U�f�d� ���<�>� M �|� �O� ���-�����<�-� � ��� �w� �|� ¨4� �|�(@ Hq(X £ Ωr

X⊗M p) = § . � ���-���w�s� q+r < µ�´! { ³/´Zµ X £ p}
 

¡ � ��� � Hq(X £ Ωr
X ⊗ M ) = § . � ���-���w�s� q + r < µ�´  { ³/´Zµ X £ p}

 
!(xSv
v���v���#*ù�ô%3|yéï
ü>^4n

M ′ = M ⊗OX
OX′

ÊbSq� i�lKq<ÅËhj�^A`ÈnEÄ^�Ä>a_Æ
^A`Ai�lpÄlKm�lpcjlKepa�Å�Æ
^�iAnË`4bdc
Å«^�ý_½^�qi�^�·|lK`
M ′

⊗OX′
F∗Ω

•

X/k

í
Hq(X ′ £ M ′

⊗OX′
F∗Ω

r
X/k) ⇒ Hq+r(X ′ £ M ′

⊗OX′
F∗Ω

•

X/k) �
¾klKn«^¿nEÄ8bsn

F∗M ′ = F∗XM = M⊗p
Ê:Å«l*nEÄ8bsn¼nEÄ^¿Æ`GlpÐË^�i4nEhjlKq�·|lS`Gm*½cjb�a_hj^�cZ�Å

M
′
⊗OX′

F∗Ω
r
X/k = F∗(F

∗
M

′
⊗OX

Ωr
X/k) = F∗(M

⊗p
⊗OX

Ωr
X/k)

·|lS`¿bdcZc
r

ð¼Ä>½Å�Ê nEÄ^�Ä>afÆ
lKnEÄ^�ÅE^�Å�lS·¼nEÄ<^�i4cXbdhZm hZmOÆcZa�nEÄ8bsn�bdcZc n«^A`Gm�Å$lpq±Æ8bde_^  �lS·¼n«Ä^�ÅËÆ
^�iAnE`AbSc ÅE^�ý_½^4q<i�^Ookh�nEÄ
q + r <

µ�´  { ³:´Zµ X £ p}
]Kbdq:hjÅEÄ"Ê:bdq<��Å«l

§ = Hn(X ′ £ M ′
⊗OX′

F∗Ω
•

X/k)
·|lS`

n < µ�´  { ³:´�µ X £ p} �
üwhZqi�^

M ′
hjÅ�bþcZhZq^ g<½:q�:cj^KÊ h�n�hjÅ�ì<bsn�í ü>l:Ê

M ′
⊗ −

hZÅ�bdq�^AÇ:bSi4n�·X½:q<iAn«lK`�lKq n«Ä^À�^A`GhZ]f^�� isbsn«^�eflS`GapÊ�bdq<� hZq
Æ8bd`En«hZi�½:cXbs`¼h�nÈÆ`G^�ÅE^4`«]_^�Å¼ý_½<bSÅEh�¹�hjÅ«lKm�lK`EÆ<Ä:hjÅËm~bdq��g
^4Ä8b�]f^�ÅÈo¼^4cZc
okh�nEÄ�`A^�ÅËÆ
^�i4nÈnGl*nË`G½:qisbsnEhjlpq J � a�ð¼Ä^�lS`A^4m 9:J�I o¼^
Ä<b�]_^�b�ý_½<bSÅEh�¹�hjÅ«lKm�lK`EÆ<Ä:hjÅËm

⊕

i<p

Ωi
X′/k[−i] ∼= τ<pF∗Ω

•

X/k

bdq<��Å«l*·|lS`
n < µ�´! { ³/´Zµ X £ p}

oÈ^�Ä8b�]_^�bdq�hZÅ«lKm�lK`EÆ<Ä:hjÅEm
§ = Hn(X ′ £ M ′

⊗OX′
F∗Ω

•

X/k) ∼= ⊕iH
n−i(X ′ £ M ′

⊗OX′
Ωi

X′/k) = ⊕iH
n−i(X £ M ⊗OX

Ωi
X/k) ⊗k k £

okÄ^4`G^knEÄ^�cjbKÅ�næ^�ý_½<bdcZh�n�a�}�okhån«Ä�n«Ä^km�bsÆ
k → k

ephZ]f^�qOg/a�Âw`GlKg
^4q:hZ½<Å«�"·|lKcZcjldo�Å2g/a*g8bSÅ«^A¹®iGÄ<bSq:ef^¿}�ÅEhZqi�^
X ′ = X×S S

Ê
okh�nEÄ

S → S
ephZ]_^4q�g/a

FS

� J ð¼ÄhjÅÈÆ:`Ald]f^�Å nEÄ<^�i4cXbdhZm�Ê/bdq��nEÄ<^¿nEÄ^�lS`A^4m J
�

�:J���R�)0'8V �%) VjWC������)�#/YUVjW$�
-6^Èg
^�ephZqOokhån«Ä�bdq�lSg8ÅE^4`«]Kbsn«hjlKq J üw½/ÆÆUlfÅE^

x ∈ Γ(U £ F∗Ω•

X/S
)
bdq<�

a⊗k ∈ Γ(U £ OX′)
bs`A^¼cjl_isbdc/Å«^�iAn«hjlKqÅ J ð¼Ä<^4q í

d ((a ⊗ k) ·F x) = d(kapx) = kpap− ? d(x) + kapd(x) = kapd(x) = (a ⊗ k) · d(x) �
ü>l:Ê n«Ä^�^AÇwn«^4`«hjlS`��:^A`GhZ]KbsnEhZ]f^�lpq

F∗Ω
•

X/S

hjÅ
OX′

Á � �|�-� � �dÊ bdq� F∗Ω
•

X/S

hjÅ�b�i�lpmOÆcj^AÇ±lS·
OX′

¹�m�lw�/½:cj^�Å���ð¼Ä^�q"ÊÏb
q<bdnE½/`4bdcUý_½^�Å�n«hZlpq�hjÅÈnGl�bSÅ�»�okÄ<bsnkn«Ä^(i�lpÄlKm�lpcjlKepaOÅEÄ^�b�]_^�Å¼lS·-nEÄhZÅ¼i�lKmOÆcj^4Ç�bs`G^ J ð¼Ä:hjÅ¼hjÅ�bdqÅEoÈ^4`G^���g/a8í
��t-uwv:xSuwy�� {|z�}
	¼bs`En«hj^A`4�A{J�-� � S �4� � � Fp

Á�� �d� ���� � �-� X � � S
Á�� �d� ���� � F : X → X ′ ��� �k��� �j�w� �|�>� �
�4�/�����U�|�<� 
 S  ¡ � ��� ����� ��������� ��� �f��f��f�«� � �|��� � ¨ @w� � �:�4� OX′

Á �w� @:�K�s� � �
C− ? :

⊕
Ωi

X′/S →

⊕
Hi(F∗Ω

•

X/S)

�<�U�®¬��"� �¯� �s�<� � �/�d� ���s�70f�4�÷� � C− ? (F∗(ds)) = sp− ? ds ¨ �f�6���w��� � �d� �d� ���f� s
� ¨ Ω ?

X/S

  ���f���4�f�w�s� ����� ����� � � ���
� � �|�d�f��f�«� � ���4� � ¨ X/S

�|�O�4��K� ���  
6¿��� � ��� �:J �  ¿ð¼Ä:hjÅ�lSg/]whjlK½ÅEcZa�hZmOÆcZhj^�Å¼n«Ä^�^�ý_½:hZ]Kbdcj^4q<i�^�lK·�}�is�¿bdq<� }��<��hZqð¼Ä<^�lK`G^�m 9:J�IpJ ºkq<lSn«Ä^A`dÊ8ÅËcZhZepÄwn«c�a�cj^�Å«Å
lSg/]whjlK½<Å g<½/n�bdcjÅ«l$½<ÅE^4·X½:c�Ê/i�lpqÅ«^�ý_½^�qi�^�hjÅÈnEÄ<bdn

F∗Ω
i
X/S

hjÅ¼cjlwi�bdcZcZa�·j`G^�^ J

� � � � �/�d�(© . � � �s���:�f� .¼� ��� � � � . �-�<8 ��� ���À� ¶>² �|· F : X → X ′
cZh�·jn«ÅÈn«l

S̃
J ð¼Ä<^4q Êwlpq^�i�bdq�i�lKqÅËnË`G½i4n¼b*iGÄ<bdhZq�m�bsÆ

⊕
Ωi

X′/S[i] → F∗Ω
•

X/ShZq�:½i4hZqe
C− ? lKq�i�lpÄlpm�lKcjlKefa J �



ü>ð-º��(\ �ÏbSq:hjÅËÄhZq:e*ð¼Ä<^�lK`G^�m�ÅÈbdq<��n«Ä^�öklw�:ef^
⇒
�:^ � Ä8bdm ü_Æ
^�iAnË`4bdc"ü>^�ý_½^4q<i�^ ºkq8bsn«lpcZa��-`G^�awef^4c

%>J
	��&������#&� W�VZT"[
τ6 ? F∗Ω•

X/S

RUT�� �KV��0'8VZT"[ W
}�¾�lSnGbdnEhjlKq í

A
bdq bsg
^4cZhXbdq�i�bsnG^4e_lS`GapÊ

C(A)
n«Ä^6i�bsnG^4eflK`«a lS·$i�l_iGÄ8bdhZq�i�lpmOÆcj^AÇ/^�Å�Ê

D = D(A)
n«Ä^�^A`GhZ]f^��

i�bdn«^4e_lS`Ga J ��'��-u��<4C3|v,1 ï�üw½/ÆÆUlfÅE^
C• = {C

� d
→ C ? } hjÅ�b$n�oÈlK¹�nG^A`Gm i�lKmOÆcj^4Ç�hZq C(A)

J - Ä^�q�hjÅ
C•
Ê<bSÅ�lSg<ÐË^�i4n�lS·

D(A)
Ê:�^�i�lKmOÆ
lpÅGbsgcj^C.

º�Å«ÅElwi�hjbdn«^���n«l
C•
hjÅÈn«Ä^(�/hjÅËnEhZq:ef½:hjÅËÄ<^��OnE`«hXbdqepcj^

τ6
� C•

→ τ6 ? C•
→ H ? C•[−

 
] → τ6

� [  ]okÄ:hjiGÄ oÈ^(m�b�a�isbdqlpq:hji�bSc�cZa�hj�:^4qwn«h�·Xa�okh�nEÄ nEÄ<^��:hjÅ�n«h�qep½hZÅEÄ^��OnË`GhXbdq:efcj^
H
�
C•

→ C•
→ H ? C•[−

 
] → H

�
C•[

 
]

��hXb�nEÄ^�hj�:^�qwnEh â isbsnEhjlKq
� )pµ D(H

�
C•

⊕ H ? C•[−
 
] £ C•) =

� )Kµ D(H
�
C• £ C•) ×

� )Kµ D(H ? C•[−
 
])o¼^�ÅE^�^�nEÄ<bdnÈn«Ä^��<bsnGb*lS· b*m�bsÆ

H
�
C•

⊕ H ? C•[−
 
] → C•

hZq�:½i4hZqe�nEÄ<^(hj�:^4qwn«h�n�a�lKq�i�lpÄlKm�lpcjlKepaOhjÅÈnEÄ<^�Å«bSm�^(bKÅ
bdq ^4cj^4m�^�qwnælS·�� )Kµ D(H ? C•[−

 
] £ C•)

m�bdÆ:ÆhZqe(n«l ´j³ ∈ � )Kµ D(H ? C•[−
 
] £ H ? C•[−

 
])
]whXb(nEÄ<^�m�bsÆ hZq�nEÄ<^¿bsg
ld]_^

�/hjÅËnEhZq:ef½:hjÅEÄ^���nE`«hXbdqepcj^ J
��u0/21�354$3|v,1
	
{|z<{�üw½:Æ:Æ
lpÅ«^

C•
hZq

C(A)
hjÅki�lKq<i�^�qwnË`4bsn«^���hZqÀ�:^�eK`A^�^�Å §/£  J º �/� � �f�*�U�f�4� � ���f� }�lS`O�:� � �f���8�f�4� � �®�f�� � �2�UlS· C•

hjÅ"bdq$bs`«`Aldo
H ? C•[−

 
] → C•

lS·
D(A)

m�bsÆÆhZq:e n«l ´j³ ∈ � )Kµ D(H ? C•[−
 
] £ H ? C•[−

 
])
]_hXb nEÄ<^Ïq<bdnE½/`4bdc

m�bsÆ�bsg
ld]f^ J }®Â>lS`A^�ÅEÄ<bK�:ldokhZq:e��:^ â q:h�nEhjlKq í"º m�lS`«ÆÄhjÅËm H ? C•[−
 
] → C•

lS·
C(A)

Ê_nEÄ8bsn hjÅæb��:^�i�lpmOÆUlfÅËh�n«hZlpq*okÄ<^4q
`G^�e_bs`A�:^���bSÅ�b$m�lS`«ÆÄhZÅEmQhZq

D(A)
Ê:hjÅki�bdcZcj^�� b�� � ��� �d� �/� � �f���8�f�4� � �®�f� © � � � ¶ J �ð¼Ä^�cjlKqe�^4Ç:bSiAn�Å«^�ý_½^�qi�^�bSÅ«Å«l_i�hXbsn«^���n«l*n«Ä^��/hjÅËnEhZq:ef½:hjÅEÄ^���nE`«hXbdqepcj^�hZq<i4cZ½�^�Å nEÄ^�·j`4bdefm�^4qwn

§ → � )pµ D(H ? C•[−
 
] £ H � C•) →

� )pµ D(H ? C•[−
 
] £ C•)

a
→

� )Kµ D(H ? C•[−
 
] £ H ? C•[−

 
])

δ
→

� )Kµ D(H ? C•[−
 
] £ H � C•[

 
]) �

ü>l:Êso¼^ Å«^�^ nEÄ8bsn-bk�^�i�lpmOÆ
lpÅEhån«hjlKq�m�bsÆ*^AÇ>hjÅËn«Å
h5#
δ( ´j³ ) = § ∈ � )pµ D(H ? C•[−

 
] £ H � C•[

 
]) = � ��+ � (H ? C• £ H � C•)

J
�|·:bæ�^�i�lKmOÆ
lpÅEh�nEhjlKq�^4Ç>hZÅËn«Å�Ê�nEÄ^�q(nEÄ<^ÏÅE^4n lS·/bdcZcp�:^�i�lpmOÆUlfÅËh�n«hZlpqÅ"}

a− ? ( ´j³ ) �8hjÅ"b n«lK`GÅ«lS`8·|lS`� ��� a =
� )Kµ D(H ? C•[−

 
] £ H � C•) =

�B� + ? (H ? C• £ H � C•)
J

�&t ô%4Oô�� v���4
τ6 ? F∗Ω•

X/S

�
��q nEÄ:hjÅkisbSÅE^pÊwnEÄ<^�lKg<ÅËnË`G½i4nEhjlKq�c�hj^�Å¼h�qþ}|½<ÅËhZqe$n«Ä^ 	¼bs`«nEhj^A`khjÅ«lKm�lS`«ÆÄhjÅËm��
�B� + � (H ? τ6 ? F∗Ω•

X/S £ H � τ6 ? F∗Ω•

X/S) = �B� + � (H ? F∗Ω•

X/S £ H � F∗Ω∗
•X/S) = �B� + � (Ω ?

X′/S £ OX′) = H � (X ′ £ TX′/S) £bdq<��n«Ä^��:^�i�lpmOÆUlfÅËhZqe�m�bsÆ<Åæ·|lK`«m b�nGlS`AÅElK`È·|lK`
�B� + ? (H ? τ6 ? F∗Ω•

X/S £ H � τ6 ? F∗Ω•

X/S) = H ? (X ′ £ TX′/S) ������sufx��/ô 4C3|v,1 ïñð¼Ä<lpÅ«^�cZlwlK»>ÅÈcZh�»_^�eK`AlK½:Æ<ÅæoÈ^¿`A^�i�lKepqhZr�^�·j`Glpm �:^4·|lS`Gm�bsnEhjlKq�nEÄ<^�lS`Ga �2- ÄhjiGÄ�ep`Glp½/Æ<Å .
ð¼Ä^�lSg8Å�nE`«½<iAnEhjlpq6nGlÀcZh�·jnEhZq:e

X ′/S
nGl

S̃
cZhj^�Å$hZq �B� + � (Ω ?

X′/S
£ OX′) = H � (X ′ £ TX′/S)

J ð¼Ä^�Å«^�cZh�·jnEhZqefÅ$bs`A^�n«Ä^�q b
n«lK`GÅ«lS`�·|lS` �B� + ? (Ω ?

X′/S £ OX′) = H ? (X ′ £ TX′/S)
J ð¼Ä<^4q"Ê8n«Ä^Obd½/nGlKm�lK`EÆ<Ä:hjÅËm eK`AlK½:Æ6lS·¼^�bSiGÄ6cZhå·jn«hZq:e�hjÅ�hjÅElpm�lS`«ÆÄhZi

n«l�� )Kµ (Ω ?
X′/S £ OX′) = H

�
(X ′ £ TX′/S)

J ð¼Ä:hjÅÈÆ:`Ald]whZ�^�Å¼b â `GÅËnkgh�n�lK·2^�]_hj�^4qi�^�·|lK`$}�bp� ⇔ }|g8�¼lK·2ð¼Ä<^�lS`A^4m 9/JZIKJ }>�|q
·�bSi4n�ÊU}�bp�

⇔
}Xg8�æhjÅ Æ:`A^�i4hjÅ«^4cZa*nEÄ^�ÅËnGbsnG^4m�^4qwnÈnEÄ8bsnÈnEÄ^�n�o¼l*lKg<ÅËnË`G½iAn«hjlKqÅæbdcZo¼b�a>Åæ^�h�nEÄ^4`æg
lKnEÄ ]SbSq:hjÅËÄ lS`Èg
lSnEÄ��:lpq"ë n J �

�>J��2� �:R�� VXW �>R"W�V �%) '8YURUT [��0���<R��
� v<ô/ù�ï -þ^�okbdqwn$nGli�lKqÅËnË`G½i4n�b�g<h ÐË^�i4nEhjlKq±g
^An�o¼^�^�q÷n«Ä^�cZh�·jnEhZqefÅ*bSq��ÅËÆcZh�nËn«hZq:efÅ J }>�|q�·�bSiAnsÊÏg/a±nEÄ<^�ð¼Ä<^�lS`A^4m
i�lpm$g<hZq^��±okh�n«Ä�n«Ä^�bdgUld]_^ É hjÅ�b nGlS`AÅElK`*·|lK`ËÌ�i�lKmOÆ<½/nGbdnEhjlKq<Å�Ê"nEÄ^�a÷ÅËÄ<lK½cZ� gU^�hZq÷g<h ÐE^�iAn«hjlKq J � -þlS`«»>h�qeÀepcjlKg8bdcZcZa
bdcZc�bsn�lpqi�^�hjÅOÄ<bs`A� }�^4]_^4q±Ð�½<Å�n�i�lpqÅËnË`G½i4nEhZq:e6c�h�·jn«h�qefÅ*hjÅ«�4Ê¼bdq<��o¼^�Ä<b�]_^�Å«lKm�^�hZqwnE½:h�n«hZlpq÷n«Ä<bsnOnEÄhjÅ�ÅElK`En�lS·(lSg¹
ÅËnË`G½iAn«hjlKq F n«lK`GÅ«lS` F bd½:n«lpm�ld`EÆÄ:hZÅËmªÅ«^An«½/Æ�hjÅ¼lS·jnG^4q�nEÄ<^�`A^�ÅE½:c�nælK·-b�cjlwi�bdc�¹�epcjlSgUbdc>nE`Abdq<ÅËh�n«hZlpq�}|½:nËn«^4`¼nEÄ^¿o¼lS`A�:Å É e_^A`«gU^pÊn«lK`GÅ«lS`EÌ�Ä^4`G^s� J

�ÏÅ«^4½<�:lS¹�bSÅEhj�:^Kí �|· nEÄ8bsn$����nEÄ^*i�bSÅ«^�Ä<^A`A^KÊ<nEÄ<^4q6hånsë cZc g
^*^sbSÅËhj^4`�n«l i�lpqÅËnË`G½iAn(b�gh ÐË^�iAnEhjlpq�½ÅEh�qe�nEÄhjÅ�n«Ä<bdq�nGl��l
h�n$�/h�`A^�iAn«cZaR� - Ä>a%.�ök^4`G^pë Å�bdq÷bdq<ÅËo¼^A`(g/a6bSq<bdcjlKefa8í(üw½:Æ:Æ
lpÅ«^

L £ M bs`A^$n�o¼l�cZhZq^$g½:q<�/cj^�Å*}�lK`�m�lS`A^�ef^4q<^A`4bdcZcZapÊ
Æ:`GhZqi�håÆ<cj^

G
¹�g<½:q�:cj^�ÅG� J �|·Ïo¼^¿Ä8b�]f^�b�q8bsnE½:`AbSc8i�lKq<Å�nE`«½<iAnEhjlpq�·|lS`¿b$m�bsÆÀlS·-nEÄ<^4h�`kepcjlSgUbdcUÅE^�iAn«hZlpqÅ�Ê_nEÄ^�q nEÄ<bdnkÅEÄlp½:cj�

%



ü>ð-º��(\ �ÏbSq:hjÅËÄhZq:e*ð¼Ä<^�lK`G^�m�ÅÈbdq<��n«Ä^�öklw�:ef^
⇒
�:^ � Ä8bdm ü_Æ
^�iAnË`4bdc"ü>^�ý_½^4q<i�^ ºkq8bsn«lpcZa��-`G^�awef^4c

hZm�m�^��:hjbdn«^4cZa�efh�]_^�½Å�b*m�bsÆÀlS·-nEÄ<^4h�`�ÅËÄ<^�b�]f^�Å¼lS·ÏÅE^�iAnEhjlpqÅ
Γ(− £ L ) → Γ(− £ M )

J ºkq��i�lKq>]f^4`GÅ«^4cZafÊ_Ä8b�]_hZqeOb*m�bsÆ
lS·nEÄ<^4h�` ÅËÄ<^�b�]f^�Å lK·8Å«^�i4nEhjlKq<Å"o¼lK½cj�*i�^A`«nGbdhZq:cZa�efh�]_^ ½<Å b�m�bdÆOlK·epcjlKg8bdc>Å«^�iAn«hjlKqÅ J � ½/n2n«Ä^¼cXbsnËnG^A`ÏhjÅ bSiAn«½<bdcZcZa É ^�bSÅEhj^A`EÌn«li�lKq<Å�nE`«½<iAnsí*üwhZqi�^�ÅËÄ<^�bs·j¹�öklpm hjÅ*b�ÅEÄ^sbs·�Ê o¼^�isbdq÷i�lpqÅËnË`G½iAn�n«Ä^�m�bdÆ÷cZlwisbdcZc�a6ÅEl�cjlpq:eÀbSÅ�o¼^�iGÄ<^�i«»n«Ä<bsn*hånsë Å
q<bdnE½/`4bdc<^4qlp½:efÄ*nGl�efc�½<^ J ð¼Ä^4q Êfo¼^�isbdq�nAbs»_^�bS�/]KbdqwnAbdef^klK·U^4ÇwnË`4b�Å�nE`«½<iAn«½/`A^ÈnEÄ<bdnæm�hZepÄwn q<lSn g
^¿b�]KbdhZcXbsgcj^ÈepcjlKg8bdcZcZa
}�^ J e J Ê/nË`Gh�]whXbdcZhZrsbsn«hjlKqÅG� J
!�u�� �$3�y 3 �sy � �4î-uwôUï Â>lK`kc�h�·jn«h�qefÅ nEÄ<^¿cjlwi�bScå¹�epcjlKg8bdc/q8bsnE½:`G^�hjÅki4cj^�bs`(}Xn«Ä^�a�·|lS`Gm b*Å�nAbSi«» ê8h�·jn

(X ′ � S̃/S)
lKq

X ′� 	��
� J

Â>lK`��^�i�lpmOÆ
lpÅEhån«hjlKqÅ�Ê/Å«lKm�^An«Ä:hZq:e�hjÅ¿o¼`Glpq:e�okh�n«Ä6lK½:`�Å«^An«½/Æ í Â"h�`GÅËn¿lS·æbSc�c�ÊnEÄ<^A`A^��:lw^�ÅEq"ë n�Å«^�^�m n«l�gU^�b�i�lpq>]f^�q:hj^4qwn
ÆcXbSi�^¿n«l â q� H

�
(X ′ £ TX′/S)

}�bS½/n«lpm�lS`«ÆÄhZÅEm�Å lK·Ïb*m�bsÆ�.d� J ü>^�i�lKq<�/cZapÊwn«Ä^4`G^pë Å¼q<l*e_lwl_� okb�a�n«lOefcZ½^¿m�bsÆ<Å¼hZq nEÄ<^
�:^4`«hZ]_^��$isbsn«^�eflK`«a$bdq<�$Å«l�ql¿eflwlw��okb�a�n«l(ÅE^4nÏ½/Æ�b�cjlwi�bdc�¹�epcjlSgUbdcSÆ`GlKgcj^4m J ü>l:ÊKÄldo �:l¿oÈ^æ·|lS`Gm�½:cXbsn«^Èb�cjlwi�bScå¹�epcjlKg8bdc
Æ:`AlSg<cj^4mQokÄlfÅE^�efcZlKg8bdcUÅ«lKcZ½/n«hjlKqÅælKq

X ′
bs`G^¿Æ`G^�i4hjÅE^�cZa*n«Ä^��^�i�lpmOÆ
lpÅEhån«hjlKqÅ lS·

τ6 ? F∗Ω•

X/S

.
- Ä:hZcj^±m�bsÆ<ÅÀh�q n«Ä^÷�^A`GhZ]f^�� isbsn«^�eflK`«a �:lKq ë nÀefcZ½^KÊ(n«Ä^4`G^ ���éb okb�a nGl É epcZ½^AÌ bSi4nE½<bSc*iGÄ<bSh�q m�bsÆ8Å }|okh�n«ÄÅE½:h�nGbsg<cj^�iGÄ8bdhZq Ä<lKm�lKn«lSÆ<hj^�ÅG��nGl÷bdq�^4cj^4m�^�qwn�lS·�nEÄ^�:^A`GhZ]f^�� isbsn«^�eflS`Ga }�½ÅEhZq:e��È^�iGÄ�i�ld]_^A`GhZq:efÅG� J \Ï]f^4q g
^4nËn«^4`sÊ

H ? τ6 ? F∗Ω•

X/S
∼= Ω ?

X′/S

hZÅ � � �4�w���¯��¨ �4�4��bdq��nEÄ>½ÅÈcjlwi�bdcZcZa��
���«çd� �S� �|�w�/í ü>l/Êw·|lK` U ⊂ X
ÅËm�bdcZcU^4q<lK½epÄÀ}�^ J e J Ê:b���q^��

� )pµ K(U)(Ω
?
X′/S

£ −) =
� )Kµ D(U)(Ω

?
X′/S

£ −)
í¼ð¼Ä<bsn¿hZÅ�Ê^�]f^4`«a�m�bsÆlK½:n¿lS·Ïh�n�hZq�nEÄ<^��:^4`«hZ]f^���i�bsnG^4eflK`«a6}�^ J e J Ê<lK½/`

�:^�i�lpmOÆUlfÅËh�n«hZlpq�m�bsÆ8Å«� hjÅ2`A^AÆ:`A^�Å«^4qwnAbsgcj^2g/aObdq�bSiAn«½<bdciGÄ<bdhZq�m�bsÆ }�oÈ^�cZcå¹®�:^ â q^���½/ÆOn«l(Ä<lKm�lSnGlSÆ/a�i4cXbSÅ«ÅG� J ü>l/Êp^�]f^4`«a�:^�i�lpmOÆUlfÅËhZqe�m�bsÆ okhZcZc"bs`GhjÅE^¿hZq�n«Ä:hjÅÈo¼b�a8í-g/a�epcZ½:hZqe�Älpq^�ÅËnkiGÄ<bdhZq�m�bdÆ<Åæ]_hXb$Älpm�lSn«lKÆhj^�Å J ð¼ÄhZÅÈcj^AnGÅ¼½Å¼Å«^Ank½/ÆÀb
ÅE½:h�nGbsg<cj^�cjlwi�bdc�¹�epcjlSgUbdc/Æ`GlKgcj^4mQokÄ<lpÅ«^�epcjlSgUbdcUlSgÐE^�iAnGÅ¼okhZc�c Å�n«h�cZc8g
^�nEÄ<^��:^�i�lKmOÆ
lfÅËh�nEhjlpqÅ lK·

τ6 ? F∗Ω•

X/S

í ð-bd»_^¿nEÄ<^
Æ:`A^�ÅËnGbKi«»�lKq

X ′� 	��
ü&��^�i

′(τ6 ? F∗Ω•

X/S) : U ′
7→






ü_nË`GhjiAn��:^�i�lKmOÆ
lfÅËh�nEhjlpq�m�bsÆ<Å
Ω ?

X′/S

∣∣∣
U′

→ τ6 ? F∗Ω•

X/S

∣∣∣
U′	æÄ<bdhZq Älpm�lSn«lKÆhj^�Å¼bSÅ¼m�lK`EÆ<Ä:hjÅËm�Å






bdq<� �^ â q<^ ü&��^�i (τ6 ? F∗Ω•

X/S)
n«lOg
^�n«Ä^$bSÅ«Å«l_i�hXbsn«^���ÅËnGbSi«» J
	 q^(i�bSq�]f^A`Gh�·Xa}�m�lS`A^A¹®lS`«¹�cj^�Å«Å g/a�nEÄ<^$bsg
ld]f^�bs`Gep½:¹

m�^4qwnA�ÈnEÄ8bsn�n«Ä^$hZÅ«lKm�lK`EÆ<Ä:hjÅEm i4cXbSÅ«ÅE^�Å�lS· efcjlSg8bSc"ÅE^�iAn«hZlpqÅ�lK·æü&��^�i
(τ6 ? F∗Ω•

X/S
)
bs`A^�hZq�gh ÐË^�iAnEhjlpq�okhån«Ä�:^�i�lpmOÆUlK¹

ÅEhån«hjlKqÅ J

�


