
���������
	��
��	�������������������������	�������� �������
�������� !	"�#�$�����%���&�'���(���)��*� +�,����*� -�

.0/214365�7�.08:9(;
<=/?>�5=@

ACBEDGFIH6JIKLFNM�OQPSRUTWV�XZY\[]TGT�[4T_^a`,bdc$e4PS`UV#`UY�XUV�PgfhTWXUb
J
`iY�j$`UbS`Uk�`U[]l$j$Pgm

Y\c$Vnmoe4PS`UVn^Wp�`,V$T#mWXiV"mG`UVn^ae4[]cnmqerX�R,TWmqe]`U[4stRuXUbdc$T_f�[4T_^aPgfhc$T�moc$[][4TWV�e
R
p

v j$`�^aT-XiVnV$PdjnPdbgXue]`U[wPS^xl$[4T_moPg^aTWbdy J z 1 V�e]j$PS^xlnXilETG[ v T-mo`Uk�l$c$e4T R
PSV

mGX,^aT
J
PS^?X{k�`UVn`Uk�PSXUbUPgfhTWXUb�XUVnf|e]j$T0[]TW^4`UbSche]Pd`,V|PS^}X�mGTGbSbdcnbSXU[2[]TW^4`UbSche4PS`UV

PSV-e4j$Tw^4TGVn^4T�`UY 7 X~y,TG[0XUVnfZ��e]c$[]k�Y\TWbS^ z 5 f$TW^]mo[]Pdlhe]Pd`,V�`iY R Pg^0�,PdR,TGV�PSV
e4TW[4k-^w`UY0e4jnT-c$VnfhTW[4bSy�PdV$�rlE`UbSy�j$TWfh[�Xib�mGTGbSb�mo`,kClnbdTG��XiVnf�PdexPS^|[]TGbgXue]TWf
e4`�PS[4[]TWf$cnmoPS�$bSTwf$TWmo`,k�lL`�^aPde4PS`UVn^�`UY

J z

�6���~���{���w�Q�����{���w�
�-�}�
�}�N�E�����q ¢¡}£_��¤}¥���¡}�t�§¦©¨6£�£_�,ª_�t�?�}��¥��}£W£_�,¤«�_ª�¬��?�}���~¨®­¯�t¥u°L��¤}ªG�~�,�t¤±�L¤}�

² ��ªWª~�?¬�³ �h´$µ ¬}�E¤}��¶Q�EªWª~�E£W�E¬�³ �h·nµ ¬¸�Eª_ªW��£G�~ªC�_�N�L�C��¥�¨E¹§¡}���,�_����¤«�_��£Wª_��¥U�~��¨6¤����}���E�
¨E¦:�}¨E�t¨6¹�¨6£_¡?�}�t¥�¦©�}¤?¥,�~��¨6¤}ª�¥��E¤�º0�¯£W��¡}£W��ªW��¤I�~�,�»�Lª��~�?�r�E¤}¤?�t�}���¼�L�_¨6£|�t�}���E��¨E¦
�½ª_¨L¾�¥��E���t�,�À¿C¨6�t�UÁ0¾qÂ��,£_£_�,£~��¥,�}£_£W��¤I��¬�³ �6��µ4��Ã ���N�Eª�º0���,¤ÀÄ����}���Å ®�}ª_�,��¬!¦©¨E£
�UÆ?�E¹�¡}�t���~¨�¨6º?�~�E�t¤��UÁ��,¥,�~�ÅÇ6�Èª_¨E�t�?�_�t¨6¤}ª��~¨��}��Ç2��ª_�t¨E¤�¡}£_¨6º?�t��¹�ª�¬�³dÉ µ ¬N�L¤}�
�UÆ«¾
¡}�t��¥��Å�|Ç6��£Wª_��¨6¤}ª!¨E¦��~�?�¯Ê|�}£W��¤}¡}£W����ªG¾o¶=�E�¼�L¹§¨2�}¨hÇ�¦©�}¤}�}�E¹§�,¤I�u�E��¡}£W�t¤}¥,�t¡}���E¬�³ ·Lµ ¬
ª_�,�r�E��ª_¨�³dË µ4�wÃ ¤(³ ´nµ ÄC��Ì6��¤?��£~�L�t�tÍ,�����~�}���}�N�E�����q �¡}£W�t¤}¥,�t¡}���-�~¨�ÌE��¤}�,£~�E�0�t�}���E�tª
¨E¦w�?¨6�t¨6¹�¨6£W¡}�}�t¥r¦©�?¤}¥,�_�t¨6¤}ªZºI "¥�¨6¤}ªG�~£W�}¥,�_�t¤}Ì}¬�¦©£_¨E¹+��¦©£W���#£_��ªW¨6�t�¸�~�t¨E¤»¨E¦|�E¤
�t�}���E�

J
¬=�"ÇE��¥U�~¨6£o¾�ÇL�E�t�?���Î£W��ªW�t�}�}��¥��?£_£_�,¤I�

R
¬�Ä��}¨6ªW���E¤}¤?�t�}���¼�L�_¨6£¯���}���E�|��ª

¡}£_�,¥���ª_���Å 
J
� �-�?�tª�Ä��Eª��}ª_�,���~¨��UÆ2�_��¤}�½ªW�,ÇE��£~�L�Q£_�,ª_�}�Å�~ªZ¡}£_�UÇ2�t¨6�}ªW�� �°«¤}¨hÄ�¤

¦©¨6£Q¥,¨6¹�¡}�t�U�~�!�t¤I�~�,£_ª_�,¥,�_�t¨6¤}ª �QÏ �tª_¨?¬E�~�}�,ª_��¥,�}£_£W��¤I�~ª|�}�hÇE��£_�,¥��,¤«�_�� �º��,��¤��}ªW���
ºI  Ï ¤}�}�,£_ªWª_¨6¤��E¤}� ² �E¹��}�,�tªWª_¨6¤�¬«³ÑÐ µ ¬n�_¨�¨6º?�u�L�t¤È¤}�,ÄÒ£_��ªW�}���_ª:¦©¨6£

∂̄
¾q��Ó«�N�n�~�t¨E¤}ª

¨6¤
ª_��¤}Ì6�}�t�E£CÇL�E£_���,�_�t��ª �
�-�}���?��Ì6£W���½¨E¦È�iÆ¸¡}�t��¥����_¤}��ªWª§¨L¦��~�}�»¥��}£W£_��¤I�

R
¨L¦È¥�¨6�?£_ª_�»�}�t£W��¥U�~�� Ô�}�i¾

¡��,¤}�}ª�¨6¤Ò�_�}���}��ÌE£_���
¨E¦Z�iÆ?¡?�t�t¥,���_¤}��ªWª�¨E¦Z�~�}��¦©£W����£_�,ª_¨6���?�~��¨6¤ ��Ã ¤À¥��EªW�
J�tªÈ��¥,¨6¹§¡?�t�,�_���t¤I�~�,£_ªW��¥,�_�t¨6¤(�_�}��Õ�¨6ªWÍ��}�|¥,¨6¹�¡}�t�iÆ(�tª¯�UÆ?�E¥,���E¤?���_�}��¥�¨6£W£_�i¾

ª_¡0¨6¤}�}��¤}Ì¯¥,�}£_£W��¤I�|��ª=�~�?�C¥��t�Eª_ªW�t¥��E�}¿C¨E�t�,Á�¾oÂZ��£W£_��£_��¥,�}£_£W��¤I��¬I¥,¨6¹§¡}�E£_�x�~¨�³ ´EÖLµ
�E¤}�×³ ��µ4�½Ã ¤ÒÌ6�,¤}��£_�E�]¬=�~�}¨6�?Ì6��¬w�iÆ?¡?�t�t¥,����£_�,ª_¨6���?�~��¨6¤}ª��E£_�§�N�E£_�¢�~¨�ØN¤?� �½Ã ¤
�~�}��ª�¡N�L¡��,£�ÄC�§Ä��t�t�x¦©¨2¥��}ª�¨E¤Ò¹§¨E¤}¨6¹��¼�E�|���}���E��ª�¬�¦©¨6£�Ä��}��¥u�Ò�~�}�,£_���N�Lª�£_�i¾
¥��,¤«�_�� "º0����¤½�§�t¨L�¯¨E¦QÄC¨6£W°
�}¨6¤}�L¬�ªW����¦©¨6£Z�UÆ?�E¹�¡}���#�_�}��º0¨¸¨E°�³ � Ë µ �L¤}�»�_�}�
£_�U¦©��£_�,¤}¥��,ª�¹���¤I�_�t¨6¤}�,���~�}�,£_�,�t¤ �wÙ ��¥�¨6¹�¡}�?�_��£_�,ª_�t�?�}�È¥��}£W£_��¤I�_ª��Lª_ª_¨2¥��t�L�~�,�
Ä����_��ªW¨L¾q¥��E�t������¥,�����t�}�t�E£Q£W��ª_¨E�t�?�_�t¨6¤}ª,¬EÄ��}��¥u��Ä���£W�Z��¤I�~£_¨2�}�}¥,����ºI �Ú��� 6�,£C�L¤}�
² �~�?£_¹�¦©���tª���¤Ò³dÛ µ ¬0�E¤?��Ä��}�t¥u��¥��E¤»º��#¤}�t¥,���Å 
��¤}¥,¨¸�}�,�½�t¤I�_¨�¡0¨6�� 2�}�,�}£~�E�{¥,���t�
¥�¨6¹�¡}���UÆ¸��ª �!Ü �?£C¹§�E�t¤§£_��ªW�}����¬¸�-�?��¨6£W��¹+Û �SÝ ¬2�tªC��¥�¨E¹§¡}���,�_���}�,ª_¥,£_�t¡¸�~�t¨E¤�¨E¦
�~�}�È£W��ª_���}�}�È¥��?£_£_�,¤I�¯¨E¦Q��ª_¨L¾�¥��E���t�,��Ì6��¤}�,£_��¥�¹§¨6¤?¨6¹§�t�E�0�t�}���E� �
ÞCßuà�á,â$ã X~yÈäWånpnæiç,çUè zä_åUå$äCé ßuà\ê$áGë-ßuàtìÅíqî|ïEðnñ\òGá�íGà=ó}ôdßuî]îqì õ�í]ßià�ìÅöi÷Eø=ù æ 5 æ,úhp6ä ùUû ç,æ zü



� �������	��
���
��������������

ÚC��¥��E�}ªW�Z¨L¦��_�}����£|ª_�t¹�¡}���t¥��Å�q #�E¤}��¤}�t¥,�-¥�¨6¹�º}�t¤N�n�~¨6£W�¼�E�«�}�,ª_¥�£W�t¡?�_�t¨6¤�¹�¨6¤}¨L¾
¹§�t�E�N�t�?���E��ªCª_�,£WÇE�È�Eª���ÌE¨¸¨2���~¨h �¹�¨¸�}�,�0¦©¨E£C�t���t�}ªG�~£_�L�~��¤}ÌÈÌ6��¤}�,£~�E�0�t�?���Eª-�L¤}�
£_�,ª_�}�Å�~ª���¤�¥�¨E¹§¹��¸�u�L�_��Ç6���E��Ì6��º}£_���E¤?�
�E�tÌ6�,º}£~�L�t¥�Ì6��¨E¹§�U�~£W E¬¸ªW����³ ´ Ð µ ¦©¨6£!�UÆ«¾
�E¹�¡}�t�,ª�¬�Ä��}�t¥u�(¹§�E°E�#�~�}�,¹ ��¤}�L�~�}£_�E�{ØN£_ªG�r�UÆ?�E¹�¡}�����~¨�¥�¨6¤}ªW�t�}�,£ �rÃ ¤À³ ´��Lµ
£_�,ª_�t�?�}��¥��}£W£_�,¤«�_ªÈ¨E¦�ÚC¨¸¥u�?¤}��£o¾����E£G�~��¤}�����t�:�q 2¡��L¬���¤��~�?��ª_��¤?ª_��¨E¦�³ ´LÖLµ ¬�ÄC�,£_�
¥�¨6¹�¡}�?�_����¦©¨6£C¹§¨6¤?¨6¹§�t�E�N�t�?���E��ª�¬}�L¤}���t¤�³ ´nµ �L¤}��³ ´ Ë µ ¬2�~�}�,£_�È�E£W��¡}£_�,ª_�,¤«�_���
ª_¨6¹��Z�UÆ¸¡}�t��¥��Å�x¥�¨6¹�¡}�?�~�L�~��¨6¤}ªx¨E¦:£W��ª_���}�}�Z¥��}£W£_�,¤«�_ª�¨E¦�¥���£G�u�E��¤�ªW�t¹�¡}�t�-¹�¨6¤}¨L¾
¹§�t�E�����}���L�tª��~�}�L�Z�E£_�È¤}¨L��¥,¨6¹�¡}�t�U�~���t¤I�_��£_ªW��¥U�~�t¨E¤}ª �xÏ ��ª_¨}¬?¹��E¤I �£W��ªW�}���_ª�¦©¨E£
Ì6��¤?��£~�L�2���}���L�tª{¥��E¤�º��!¡}£_¨hÇE����ºI #ª_¡0��¥,�¼�E���tÍ���¤}Ì-�~¨�¹§¨6¤?¨6¹§�t�E�E���}���L�tª �{Ã ¤�¦a�L¥,��¬
£_�,¥��E�����_�N�L�!�~�}���UÆ¸�tªG�~�,¤}¥��r¨L¦{ÚC¨2¥u�}¤}��£o¾����L£W�~��¤}�����t�}�q 2¡0�¯£_�,ª_���}�}�¯¥,�}£_£W��¤I�~ª��Eª
ÄC�,�t���Eª��~�}�¯£_��ªW�t�}�?��¥��}£W£_��¤I�_ªZ��¤(³ ´nµ ��ª�¡}£_¨hÇE���"º« �£_�,�}�}¥���¤}Ì��~¨���¹�¨6¤}¨E¹§�t�E�
ª_�Å�~�N�L�_�t¨6¤�ºI �£W��ªW¨6��Ç2�t¤?Ì�ªW�t¤}ÌE�}�¼�E£W���_�t��ª �
Ù ��ªG�u�E£G��ºI �¥�¨E¤}ª_���}��£W�t¤}Ì Ï £G�~��¤}�¼�E¤�¬{�_�N�L�#�tª,¬{Í���£W¨L¾q�?�t¹���¤}ªW�t¨6¤N�L�]¬�¹�¨6¤}¨L¾

¹§�t�E���t�?���E��ª»��¤ ² ��¥U�~��¨6¤ Ý?��� �,ª_�t�?�}�Ò¥��?£_£_�,¤I�~ª(�EªWª_¨2¥��t�L�~�,� Ä����_� Ì6��¤?��£~�L�
¹§¨E¤}¨6¹��¼�E�{�t�?���E��ª��E£_��¥�¨6¹�¡}�?�_������ªWª_��¤I�_�¼�E���� ½ºI (£W���}�?¥��t¤?Ì��~¨��~�}��ªrª_��¹§¡?�t��£
¥��EªW� ��Ï ¡}£W�t¨6£W�]¬2�~�}�#£_�,ª_�t�?�}��¥,�}£_£W��¤I�

R
�EªWª_¨2¥��¼�n�~���
Ä��Å�~�»��¥,���t���}�¼�L£�£_�,ª_¨6���¸¾

�~��¨6¤
¨E¦w�L¤ Ï £W�~��¤}�¼�L¤�¹§¨6¤?¨6¹§�t�E�0�t�}���E���N�Eª�¨6¤?�#�,¤I�~£W 
Rτ

¦©¨E£Z���E¥u�
(n − 1)

¾
�}�t¹���¤?ª_�t¨E¤N�E�E¦a�E¥,�

τ
¨E¦¸�~�}�!�}¤}�}�,£_�Å ¸��¤}ÌZ¡�¨6�Å 2�}���}£_�E�I¥��,�t�«¥�¨E¹§¡}���UÆ � �-�}��¹§�E��¤

�~�,¥u�}¤}�t¥��E�Q£W��ªW�}���¯�t¤��_�}�tª�¡N�E¡0��£�¬�¶|£_¨6¡0¨6ª_�Å�~��¨6¤ Ý?�Å� ¬��Eª_ªW��£G�~ªr�~�}�L�r���E¥u�
Rτ

��ª
��¥���£G�u�E��¤
¤}�t¥,��¿C¨E�t�,Á�¾oÂZ��£W£_��£_��¥��}£W£_��¤I���

c ∂̄
[ 1

zα1
1

]
∧ . . . ∧ ∂̄

[ 1

zαn
n

]
,

Ä��}��£W�
α = (α1, . . . , αn)

¥��L¤�º0��£W���E��¨EÁ�¦©£_¨E¹'�~�}�Z¥��,�t�N¥,¨6¹§¡?�t�UÆ��E¤}�
c
�tª!�

¥�¨6¤?ªW�u�L¤«� �xÃ ¤»¡N�L£W�~��¥��}�t�E£�¬2��¦
c 6= 0

�~�}�È�t�?���E��¨E¦=¦©�?¤}¥,�_�t¨6¤}ª��L¤}¤}�t�?�t�¼�n�~�t¤?Ì
Rτ

¬
�E¤}¤

Rτ

¬C�tª
(zα1

1 , . . . , zαn
n )

� Ï ¹�¨6¤}¨E¹§�t�E�C���}���E�-¨L¦¯�~�?�tª�¦©¨6£_¹"¬xÄ��}��£W�"�_�}�
Ì6��¤?��£~�n�~¨6£Wª¯�E£W�È¡�¨hÄ���£_ª�¨E¦QÇL�E£W�¼�Eº?�t��ª,¬N�tª�¥��L�t�t�,� �"!#!%$'&�(*)#�,+�-.$ �-Ü ¤}�#¥��E¤»ª_�}¨hÄ
�~�N�n���,Ç6�,£W "¹�¨6¤}¨6¹��¼�E�0�t�?���E��¥��E¤"º���Ä�£_�Å�_�_��¤»�Eª���Ø}¤}���_���t¤I�~�,£_ª_�,¥,�_�t¨6¤"¨E¦=�t£G¾
£_�,�}�}¥���º}�t�����}���E��ª�/I�~�?�tª!�tªx¥��E���t�,�§�L¤0�"!1!%$'&�(2)#�,+�-.$3&�$4)45	687*5:9#�";,�<5	=�¨E¦��_�}�Z�t�}���E� �
>�¨E�_�#�_�N�L���E¤"�t£W£_���?�}¥���º}�t�È�t�?���E����ª�¡?£_�t¹§�E£G �ª_¨§�E¤»�t£_£W���}�?¥��tº?�t���}�,¥�¨6¹�¡�¨Eª_�Å¾
�~��¨6¤(¨E¦C�
¹�¨6¤}¨E¹§�t�E�=���}���L�w�tªÈ��£_�UØN¤}�,¹§�,¤«�#¨E¦C�
¡}£_��¹��E£G ��?��¥�¨E¹§¡0¨6ª_�Å�~��¨6¤ �
² �t¤?¥���¨6¤}�
�N�Lª��_¨®�E¤}¤}���}�t�t�L�~�§�E�t�C��¤I�~£W�t��ª

Rτ
�_¨®�E¤}¤}���}�t�t�L�~�

R
¬ ⋂ �E¤?¤

Rτ 2�t�����}ª��L¤ �t£_£W���}�?¥��tº?�t���}��¥,¨6¹§¡0¨6ªW���~��¨6¤Î¨L¦-�~�}�����}���E���E¤}¤
R
¬wÄ��}�t¥u�ÀºI ¢�_�}�

�}�N�E�����q �¡?£_�t¤?¥��t¡?�t�È��Ó«�N�E��ª
J
¬��E¤}�»ª_¨��_�}�@?©¤}¨6¤IÇL�E¤}��ª_�}��¤}ÌBA-��¤I�~£W�t��ª�¨E¦

R
¥��E¤

º��ÈªW����¤"�~¨�¥�¨6£W£_�,ª_¡0¨6¤}�»�_¨�¥�¨6¹�¡�¨E¤}��¤I�~ªZ�t¤"�E¤"�t£W£_�,�}�}¥���º}�t���?��¥�¨E¹§¡0¨6ª_�Å�~��¨6¤ �
Ã ¤ ¡N�L£W�~��¥��}�t�E£�¬|�_�}�»¤«�}¹�º��,£�¨L¦r¤}¨6¤IÇL�E¤}��ª_�}��¤}Ì®��¤I�~£W�t��ª§�E£W�"º0¨6�}¤?�}���Ô¦©£_¨6¹
º��,�t¨hÄ ºI ��~�}��¹��t¤?�t¹§�E��¤2�?¹�º��,£-¨E¦�¥�¨6¹�¡0¨6¤}��¤I�_ª-�t¤
�E¤
�t£W£_�,�}�}¥���º}�t���}��¥,¨6¹�¾
¡�¨Eª_���_�t¨6¤ �
Ã ¤ÀÌ6��¤}�,£~�E�4¬!Ä��
¥��E¤Ô¤}¨E���iÆ2�~£~�L¥,����¤}¨E�}Ì6�Ô�t¤?¦©¨6£W¹��n�~�t¨E¤¢¦©£_¨E¹
¨6�}£�¥,¨6¹�¾

¡}�?�~�L�~��¨6¤}ª¯�_¨��}�,�_��£_¹��t¤?��Ä��}�t¥u�(�,¤I�~£_����ª
Rτ

�_�N�L�È�L£_��¤}¨E¤«ÇL�E¤?�tª_�?�t¤}Ì � ² �_�t���]¬
¦©¨6£DCo¹�¨6ªG�FE¯¹§¨6¤?¨6¹§�t�E���t�}���E�tª�Ä��È¥��E¤G/N��¦{�~�}�È¹�¨6¤}¨6¹��¼�L�0���}���L�

J
�tª-Ì6�,¤}��£W�t¥E¬

Ä��}�t¥u��¹§���E¤}ª{�~�N�n�=�_�}���iÆ¸¡�¨6¤?��¤I�~ªw��¤#�_�}�CªW�,�=¨E¦N¹��t¤}��¹��L�LÌ6�,¤}��£_�L�~¨E£_ªQª_�L�~��ªW¦� 
��¥��,£W�~�E�t¤¢Ì6��¤}�,£_��¥����q ®¥,¨6¤}�}�Å�~�t¨E¤H?aªW��� ² ��¥,�_�t¨6¤ ´ ¦©¨6£���¡}£_�,¥���ª_���}�UØN¤}�Å�~�t¨E¤2AU¬
�~�}�,¤Î�-�}�,¨6£_�,¹ Ý¸�SÝ ªW�~�L�~�,ª��~�}�L�

Rτ
��ª#¤?¨6¤IÇE�L¤}�tªW�}�t¤}Ì»¡}£_�,¥���ª_���Å (Ä��}��¤

τ
��ª



� ���1�����G�@� � ��� �B��
���� ��	�
�

	 � 	�
 �.�G� � ��� 	 �	��
�� 	 ��� �

�"¦a�E¥,�,��¨E¦C�_�}� ² ¥��E£G¦-¥�¨E¹§¡}���UÆ���¤I�~£_¨2�}�}¥,���¢º« ¢Ú��� E��£�¬w¶=���UÇL�½�E¤}� ² �~�}£W¹�¾
¦©����ª�¬:³ �Lµ4�!Ã ¤"¡N�E£G�~��¥��}�t�E£�¬¸��¦��~�}�È�}¤}�?��£_�Å 2�t¤}Ì�¥��,�t�:¥,¨6¹§¡?�t�UÆ��tª��_�}� ² ¥��E£G¦w¥,¨6¹�¾
¡}�t�iÆ�¬}�~�}�,¤��E�����,¤«�_£_����ª�¨E¦

R
�E£W��¤}¨6¤IÇL�E¤}�tªW�}�t¤?Ì � �-�}�È¥��,�t���}�¼�E£�£_�,ª_¨6���?�~��¨6¤�ª_¨

¨6º?�~�E�t¤}�,�Î��ª���¤®¦a�E¥U���"¹§��¤}�t¹§�E�Q£W��ªW¨6�t�?�_�t¨6¤®¨E¦��_�}��ÌE��¤}�,£_�t¥��t�?���E�
J
� �-�}�i¾

¨6£_�,¹ Ý¸� Û��Lª_ª_�,£W�_ªr�~�N�L�¯Ä��}��¤}�UÇ6�,£È�_�}��¥,���t���}�¼�L£�£W��ª_¨E�t�?�_�t¨6¤½��ª¯¹��t¤}��¹��L�]¬?�_�}�
¥�¨6£W£_�,ª_¡0¨6¤}�}��¤}Ì�£_�,ª_���}�}��¥��?£_£_�,¤I�-�N�Eª�¨E¤}�� §¤}¨6¤IÇL�E¤}��ª_�}��¤}Ì��,¤«�_£_����ª �xÏ �tª_¨?¬2�_�}�
¤«�}¹�º0��£C¨L¦{��¤I�~£W�t��ª��tª���Ó«�N�E�0�~¨��_�}�r¹��t¤}��¹��L�?¤«�}¹�º0��£�¨L¦:¥�¨6¹�¡0¨6¤}��¤I�_ª��t¤��E¤
�t£W£_���?�}¥���º}�t�r�?��¥�¨E¹§¡0¨6ª_�Å�~��¨6¤ �
Ã ¤ ² ��¥,�_�t¨6¤¢Û�Ä��§�iÆ¸�_��¤}�®�~�}��£W��ª_�?���~ª�¦©¨6£ Ï £W�~��¤}�¼�L¤(¹§¨6¤?¨6¹§�t�E�{�t�}���E�tªr�_¨

Ì6��¤?��£~�L�!¹�¨6¤}¨E¹§�t�E�=���}���L�tª � �-�}�§ºN�EªW�t¥��t�}�����tª��~¨"�}��¥,¨6¹�¡�¨6ªW���_�}��£_�,ª_�t�?�}�
¥��}£W£_�,¤«���t¤I�~¨¢ª_�t¹�¡}����£�¡N�E£G�~ª�¬�Ä��?�t¥u�±¥��E¤±º0��¥�¨E¹§¡}�¸�~��� ��ª_ªW��¤I�~�t�E�t�Å Ô�Eª���¤
�~�}� Ï £G�~��¤}�¼�E¤×¥��Eª_� � Ã ¤�³ ÝLµ �Å��Ä��Eª»ª_�}¨hÄ�¤ �~�N�L�"�~�?�®£W��ªW�t�}�}�®¥��?£_£_�,¤I�

R¥�¨6¤?ªW�~£W�}¥,�_����¦©£_¨6¹ ��¦©£_�,��£_�,ª_¨6���?�~��¨6¤½¨E¦x�_�}���t�}���E�
J
¥��E¤�º0��¤N�L�_�}£~�E���� "�}�i¾

¥�¨6¹�¡0¨6ª_�,��Ä��Å�~��£W��ª_¡0��¥U���_¨r�~�}�-ªW�,�!¨E¦��Eª_ªW¨¸¥,�¼�L�_����¡}£W�t¹����t�?���E��ªw¨E¦
J
¬ Ï

ssJ
/

? �6�Å� A
R =

∑

p∈ � ssJ

Rp,

Ä��}��£W�
Rp

�N�Eª#ª_�?¡}¡�¨E£W��¨6¤®�_�}��ÇE�L£_�t�U�q 
V (p)

¨E¦
p
�E¤}�¢�N�Eª��~�?�§ªW¨L¾q¥��E�t�����

9#;���= &���!F& $�� ; $#= 9#�<5	=07 !%547*$#!#;����������! §Ä����~�®£_�,ª_¡0��¥U���~¨
V (p)

¬{Ä��}�t¥u�Òº}�Eª_�\¾
¥��E���� ¢¹§���E¤}ª��_�N�L��������ª��}�U�~��£W¹§��¤}���ÔºI ÒÄ��N�L���Å���tª�ÌE��¤}�,£_�t¥��E�t�Å Î¨E¤

V (p)
�

�»¨6£W��¨hÇ6�,£�¬|���L¥u� �E¤}¤
Rp

��ª
p
¾q¡}£W�t¹§�E£W E¬=�L¤}�Ò���È�_�}£_¤}ª�¨6�?�#�~�N�n���~¨��E¤}¤}���}�Å¾

�¼�L�_�
R
¨E¤}�È�N�Eª-�~¨��E¤}¤?�t�}���¼�L�_�r�E�����~�}�È¥,�}£_£W��¤I�~ª

Rp
�E¤}�"ª_¨

? �6�S´ A
J =

�E¤}¤
R =

⋂

p∈ � ssJ

�E¤?¤
Rp

Ì6��ÇE��ª��½¹��t¤?�t¹§�E�|¡}£_��¹��L£W ��}�,¥�¨6¹�¡�¨Eª_���_�t¨6¤Î¨E¦
J
� >�¨hÄÈ¬|�~�?��ª_��¹§¡}����£�¥��}£o¾

£_�,¤«�_ª
Rp

�Eª_ªW¨¸¥,�¼�L�_���±Ä��Å�~�×�Ò¹�¨6¤}¨6¹��¼�L�Z���}���L�
M

¥��L¤×º��(¥,¨6¹§¡?�?�~�,�×º« 
£_�,�}�}¥���¤}Ì��_¨��~�}� Ï £W�_�t¤}�t�E¤®¥��EªW�E¬|�}ªW�t¤}Ì½���}���Lª�¦©£_¨E¹ ³ ´��Lµ4� �-�?��£_�,ª_�}�Å���tª��
Ç6�,¥,�~¨E£C¨E¦�¥���£G�u�E��¤§ªW�t¹�¡}�t�-¥,�}£_£W��¤I�~ª��~�N�L�!��¤§¡N�L£W�~��¥��}�t�E£|�N��Ç6���t£W£_���?�}¥���º}�t���E¤2¾
¤}�t�?�t�¼�n�~¨6£����}���E��ª#�E¤}�Î�_�N�L��¥,¨6£_£W��ªW¡�¨6¤?�Ò�~¨»�_�}�

p
¾q¡}£W�t¹§�E£W (¥,¨6¹�¡�¨6¤?��¤I�~ª��t¤

�E¤®�t£_£W���}�?¥��tº?�t���}�,¥�¨6¹�¡0¨6ª_�Å�~�t¨E¤(¨E¦
M
��Ü �}£�¹§�E�t¤(£W��ª_�?����¬��-�}�,¨6£_�,¹ Û �SÝ ��ª

��¥�¨E¹§¡}���,�_�¯�}�,ª_¥�£W�t¡?�_�t¨6¤�¨L¦:�~�}�r£W��ªW�t�}�}�¯¥��}£W£_��¤I�Z�EªWª_¨2¥��t�L�~�,��Ä����~����Ì6��¤}�,£_��¥
¹§¨E¤}¨6¹��¼�E�:���}���E�

M
¬:Ì6�,¤}��£_�E�t��Í��t¤?Ì��-�}�,¨6£_�,¹ Ý?�dÝ?�ÈÃ ¤(¡N�E£G�~�t¥,�}�¼�L£�¬�Ä���Ì6�U�È�

�}��¥,¨6¹�¡�¨6ªW���_�t¨6¤¢¨E¦
R
¬xÄ��?�t¥u�À�tª��½£W�,ØN¤?��¹���¤I��¨E¦ ? �6�Å� A��E¤?�ÒÄ��}�t¥u�À¥�¨E£_£_�i¾

ª_¡0¨6¤}�}ª-�_¨��E¤
��£_£_�,�}�}¥,�tº}���r�}��¥,¨6¹�¡�¨6ªW���_�t¨6¤�¨E¦
M
�

�-�}�C�_��¥u�}¤}��¥��E�2¥�¨E£_��¨E¦?�~�}��ªQ¡N�E¡0��£=�tª{�~�}�C¡}£_¨2¨E¦N¨E¦0¶|£W¨6¡�¨Eª_���_�t¨6¤ Ý?�Å� ¬LÄ��?�t¥u�
¨¸¥,¥��}¡?�t��ª ² �,¥,�_�t¨6¤�Ð �wÃ �!�tª|��¤}ª_¡?�t£_�,��º« "³ ´��Lµ ¬IÄ��}��£W��ªW�t¹��t�t�E£Q£W��ª_�?���~ª|Ä���£W��¨6º2¾
�u�E��¤}���×¦©¨6£�¥��}£W£_��¤I�_ª»¨E¦�ÚC¨2¥u�}¤}�,£G¾��»�E£W�_�t¤}�,�t�t���q 2¡���¥,¨6£_£W��ª_¡0¨6¤}�?�t¤}Ì �~¨ �_�}�
Õ�¨6ªWÍ��}��¥�¨6¹�¡}���UÆ �+Ù �}��¤)¥,¨6¤}ª_���}��£W�t¤}Ì Ì6��¤?��£~�L��¥��,�t���}�¼�E£�£W��ªW¨6�t�?�_�t¨6¤?ª"�_�}�
¥�¨6¹�¡}�?�~�L�~��¨6¤}ª�ÌE�,�"¹§¨E£_�½��¤«ÇE¨6��ÇE��� �~�}¨E�}Ì6��/#�t¤ ¡N�E£G�~��¥��}�t�E£�¬-�~�?�, ×��¤«ÇE¨6��ÇE�
ØN¤}�}��¤}Ì��t¤IÇE��£_ªW��ª�¨E¦=�E����¹§�E¡}¡}��¤}Ì6ª���¤��~�?��£_��ªW¨6�t�¸�~�t¨E¤ �wÏ ª-��¤(³ ´��Lµ ¬?�~�}��¡?£_¨2¨E¦
�E¹�¨6�}¤I�~ª��~¨"¥�¨E¹§¡}�¸�~�t¤?Ì"¥,�}£_£W��¤I�~ª��t¤¢�"¥,��£G�u�E��¤®�_¨6£_��¥�ÇL�E£W�t�U�q (¥�¨6¤?ªW�~£W�}¥,�_���
¦©£_¨6¹ �~�}�ÈÌ6�,¤}��£_�L�~¨E£_ª�¨E¦��~�}�È�t�?���E�4¬?�}ªW�t¤}Ì��t�?���Eª-¦©£_¨E¹&³dË µ �E¤}�¢³ ´EÖLµ4�



� �������	��
���
��������������

´¸���������2��������	=�{����
�	=�=�
��	:�����|���w�����
�:�,���}ª¯ªG�u�E£G�¯ºI "º}£_�����} 
£W��¥��E�t���t¤}Ì��~�?��¥�¨E¤}ªW�_£_�}¥U�~�t¨E¤�¨E¦Q£_��ªW�t�}�?��¥��?£_£_�,¤I�~ª

�t¤»³ ´$µ]� ¿C¨E¤}ª_���}��£C�E¤��E£Wº}���_£~�E£G �¥�¨E¹§¡}���UÆ�¨L¦:Â��,£_¹����_�¼�E¤��}¨6��¨6¹�¨6£_¡}�?�t¥�Ç6�,¥,�_¨6£
º}�}¤}�?�t��ª�¨hÇ6�,£¯��¥,¨6¹§¡?�t�UÆ�¹��L¤}��¦©¨6���

Ω
¬

? ´¸�Å� A
0 → EN

fN−→ . . .
f3
−→ E2

f2
−→ E1

f1
−→ E0,�~�N�n�|�tª|�iÆ}�L¥,�x¨6�?�_ª_���}���E¤��E¤N�E�Å «�~�t¥!ÇL�E£_���,�q 

Z
¨E¦0¡0¨6ª_�Å�~�ÅÇ6��¥,¨¸�}��¹§�,¤}ª_��¨6¤�¬I�L¤}�

ª_�}¡?¡�¨6ªW���~�N�n�w�~�}�-£_�E¤}°#¨E¦
E0

��ª
1
�=Ã ¤

Ω\Z
¬I���,�

σk

º0���~�?��¹§��¤}�t¹§�E�I��¤«ÇE��£Wª_�
¨E¦

fk

¬:Ä��Å�~�®£_��ªW¡��,¥,�#�~¨"ª_¨6¹���Â��,£_¹����_�¼�E¤(¹��,�_£_�t¥L¬:�t�U�
σ = σ0 + . . . + σN

¬
u = σ(I − ∂̄σ)−1 = σ + σ(∂̄σ) +σ(∂̄σ)2 + . . .

¬}�E¤}���t�,�
R
º0���~�?�r�E¤N�L�� «�~��¥

¥�¨6¤I�_�t¤«�N�L�_�t¨6¤#¨E¦
∂̄|F |2λ∧u

�~¨
λ = 0

¬nÄ��}��£W�
F
��ªQ�E¤I ��_�}¡}�t�!¨E¦?�}¨6�t¨E¹§¨6£W¡}�}��¥

¦©�}¤}¥U�~�t¨E¤}ª��~�N�L��ÇL�E¤}��ª_�}�,ª§¨E¤
Z
�ÔÃ ���~�}£W¤}ª§¨E�?���~�N�L�

R
�tª��(ÄC�,�t�-�}�UØN¤}���

¥��}£W£_�,¤«�-�~�E°«�t¤}Ì�ÇL�E���}��ªC�t¤
End(E)

¬2Ä��}��£W�
E = ⊕kEk

¬?Ä��}�t¥u�
�N�Lª�ª_�}¡?¡�¨6£G�
¨6¤

Z
¬!�E¤}� Ä��}��¥u� ��¤À��¥,��£G�u�E��¤ÒÄ���  ¹����EªW�}£_�,ª��~�}���t�E¥u°Î¨E¦��UÆ?�E¥U�~¤}�,ª_ª�¨E¦

�~�}���Eª_ªW¨¸¥,�¼�L�_���½¥,¨6¹§¡?�t�UÆ»¨E¦x��¨¸¥��E�t�Å �¦©£_�,��ª_�?����Ç6�,ª#¨L¦
O
¾�¹§¨2�}�}����ª

O(Ek)
¨E¦

�}¨6��¨6¹§¨E£_¡}�}��¥¯ªW��¥,�_�t¨6¤?ªZ¨L¦
Ek

¬
? ´¸�S´ A

0 → O(EN )
fN−→ · · ·

f2
−→ O(E1)

f1
−→ O(E0).Ã ¤ ¡}�E£W�_�t¥��?�¼�E£,¬|��¦

J
�tª��_�}�
�t�}���E��ªW�}���L¦

Im (O(E1) → O(E0))
�E¤?�

ϕ ∈
O(E0)

¦©�}�ÅØN�t��ªx�_�N�L���~�}� ?
E
¾]ÇL�E�t�}�,�2A|¥��}£W£_��¤I�

Rϕ = 0
¬2�_�}��¤���¨¸¥��E�t�Å 

ϕ ∈ J
�

�»¨6£W��¨hÇ6�,£�¬Q���,�W�~�t¤?Ì
R`

k

�}��¤}¨L�~���~�}��¥�¨6¹�¡0¨6¤}��¤I�#¨E¦
R
�~�}�L���u�E°L��ª#ÇE�L�t�}�,ª

�t¤
Hom (E`, Ek)

�E¤?�
R` =

∑
k R`

k

¬¸�����_�}£_¤?ª-¨6�?���_�N�L�
R` = 0

¦©¨6£
` ≥ 1

�tª
��Ó«�}�ÅÇE�L�t��¤I�Z�~¨��~�N�L� ? ´2�g´ A-�tªZ�UÆ?�E¥U��¬��t¤�¨L�~�}�,£�Ä�¨6£_�}ªZ�~�N�n�¯�Å�¯��ª¯��£_��ªW¨6�t�¸�~�t¨E¤
¨E¦

O(E0)/J
¬�ªW�����-�}�,¨6£_�,¹ Ý¸��� �t¤Ò³ ´$µ4��Ù �#�~�}�,¤�Ä�£_�Å�~�

Rk = R0
k

Ä��Å�~�}¨6�¸�
�E¤I �£_��ª_°�¨L¦Q¥,¨6¤?¦©�}ªW�t¨6¤ �|Ã ¤
�~�?�tª-¥��Lª_�E¬

Rϕ = 0
¡?£_��¥,�tªW���� �Ä��}��¤

ϕ ∈ J
�

�:�,���?ªC¥�¨E¤«�_�t¤«�}�¯Ä��Å�~���~�}�r¥,¨6¤}ªG�~£_�?¥,�~��¨6¤�¨E¦�¥������t�}�t�E£x¥�¨6¹�¡}���UÆ¸��ª!¦©£_¨6¹ ³dÛ µ]�
�:�,�

S
º����_�}��¡0¨6�� 2¤}¨E¹§�t�E�x£_�t¤?Ì

C[z1, . . . , zn]
�E¤?� �t�,���}��Ì

m
�}��¤?¨E�~���_�}�

¹��}�Å�~�t�?��Ì6£W����¨E¦-�"¹§¨E¤}¨6¹��¼�E�
m
�t¤

S
�§Ù �}��¤Ò¤?¨E�~�}��¤}Ì"���tªW����ª#¹���¤I�_�t¨6¤}�,�

ÄC�ÈÄ��t�����EªWª_�}¹����~�N�n��¹§¨6¤?¨6¹§�t�E�tª��E¤}�"�t�?���E��ª-�E£_�È��¤
S
�

>��iÆ¸��¬-��¡�¨6�Å 2�}���}£_�E�-¥��,�t�-¥,¨6¹§¡?�t�UÆ
X

�tª��(ØN¤}�Å�~�
¥�¨6���t�,¥,�~��¨6¤À¨E¦r¥,¨6¤IÇ6�iÆ
¡�¨E�� «�~¨6¡0��ª ?a��¤½��£W���E�{Ç6�,¥,�_¨6£rª_¡}�E¥��

Rd ¦©¨6£Zª_¨6¹�� d
Ai¬0�_�}��� ��)4$49�¨E¦

X
¬��~�}�L�

¦©�}��Ø}�t�tª{�~�}�L�|��¦
τ ∈ X

�L¤}�
τ ′ �tª|�¯¦a�L¥���¨E¦ τ ?�¦©¨6£Q�~�?�-�}�,ØN¤?���~��¨6¤�¨E¦��¯¦a�E¥,�-¨E¦��¡�¨E�� «�~¨6¡0�E¬?ª_����¦©¨6£-�iÆ?�E¹§¡?�t��³ ´ É µ AU¬?�_�}��¤

τ ′ ∈ X
¬N�L¤}�»¹�¨6£W��¨hÇ6�,£Z�Å¦

τ
�E¤}�

τ ′
�E£_����¤

X
¬{�_�}��¤

τ ∩ τ ′ �tªÈ��¦a�E¥���¨E¦Cº�¨E�_� τ
�E¤?�

τ ′ � �-�}�§�?�t¹���¤}ªW�t¨6¤(¨E¦��¦a�E¥��
τ
¬
dim τ

¬��tª��}�UØN¤}�����Eª��~�}�#�}�t¹���¤?ª_�t¨E¤"¨L¦w���_ª�����¤}�#�2�?�t� ?a��¤
Rd AZ�L¤}�

�~�}���}��¹§�,¤}ª_��¨6¤�¨E¦
X
¬
dim X

¬«�tª|�?�,ØN¤}�,���Eª
maxτ∈X dim τ

� �{�U�
Xk

�?��¤}¨E�_�
�~�}��ª_�U��¨L¦�¦a�E¥��,ª�¨L¦

X
¨L¦��}��¹§�,¤}ª_��¨6¤

(k − 1)
?
X0

ª_�}¨6�?�t�®º����t¤I�~�,£_¡}£W�,�_���
�Eª

{∅}
A ��� �E¥��,ª�¨L¦��}��¹§�,¤}ª_��¨6¤

0
�E£W�§¥��E�t��������$#!1; �<)4$49 ��Ù ��Ä��t���Q¦©£_�,Ó«�}��¤I�~�Å 

�t�}�,¤I�~��¦� 
τ ∈ X

Ä��Å�~�Ò�Å�~ª�ªW�,��¨L¦-Ç6��£G�~��¥���ª � ���nÆ¸�t¹§�E�|¦a�E¥,��ª ?©Ä��Å�~�¢£_��ªW¡��,¥,�
�~¨���¤}¥����}ª_��¨6¤2A��L£_��¥��E�t������� ��)4$#;"9 ��Ï ¦a�E¥��

τ
��ª�� 9#�"687 -.$�����¦x�~�}��¤2�?¹�º��,£�¨E¦

Ç6�,£W�~��¥��,ª�¬
|τ |
¬«�tªQ��Ó«�N�E�N�~¨

dim τ +1
�QÃ ¦��E�t�?¦a�L¥���ªx¨E¦

X
�E£W�ZªW�t¹�¡}�t��¥��,ª�¬LÄ��Zª~�� 

�~�N�n�
X
�tª�� 9#�"687 - �<)#����- )45	687 -.$�� ��Ï ¡0¨6�Å ¸�?���}£_�E�Q¥,���t�=¥�¨6¹�¡}���UÆ

X ′ ⊂ X
��ª

ª~�E�����~¨-º0���89#( +#)45	687 -.$��#¨L¦
X
� �»¨6£W��¨hÇ6�,£�¬nÄC�xª~�� r�_�N�L�

X
�tª - � +#$#-.$'&r�Å¦2�_�}��£W�

�tªr¹�¨6¤}¨E¹§�t�E�
mi

�t¤
S
�EªWª_¨2¥��¼�n�~���½�_¨����E¥u�(ÇE��£W�_�UÆ

i
��Ï ¤®�E£_º}�Å�~£_�E£W 
¦a�E¥,�

τ¨E¦
X
��ª��~�}�,¤»�t�Eº0���t�,�
º« ��~�}�È�t���EªW��¥,¨6¹�¹§¨6¤�¹��}���_�t¡}���¯¨E¦��~�}�È�t�Eº��,�tª�¨L¦=�_�}�



� ���1�����G�@� � ��� �B��
���� ��	�
�

	 � 	�
 �.�G� � ��� 	 �	��
�� 	 ��� �

Ç6�,£W�~��¥��,ª�¨E¦
τ
¬Q�~�}�L����ª

mτ =
�t¥,¹

{mi|i ∈ τ}
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¬N�t�U�

Ak

º0�r�~�?�È¦©£W���
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X¥�¨6¤?ª_�tªG�~��¤}Ì(¨E¦¯�E�t�x¦a�E¥��,ª
τ
¦©¨6£�Ä��}�t¥u�

ατ ≤ β
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¬
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¦©¨6£!�E�t�

τ ∈ X
¬I�~�}��¹�¨6¤}¨6¹��¼�L�tª
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Ek

¦©¨E£
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E∗
k ⊗ Ek−1

¬}�_�N�L����ª�¬

fk =
∑

τ∈Xk

∑
� ������� 


τ ′⊂τ

ªWÌ6¤
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mτ

mτ ′

e∗τ ⊗ eτ ′ .
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¹��t¤?�t¹§�E��ÌE��¤}�,£~�L�_¨6£_ª
mi�E¤}�

mj

�N��Ç6�(�~�}��ª~�E¹��½¡0¨6ª_�Å�~��ÇE�½�}�,Ì6£_�,�(�t¤±ªW¨6¹§�»ÇE�L£_�¼�Lº}�t�L¬��~�}�,¤ �_�}��£W�
�UÆ¸�tªG�~ª��r�~�}��£_��Ì6��¤?��£~�n�~¨6£
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∂̄[1/f ]
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∂̄|f |2λ/f
�~¨

λ = 0
¬N�L¤}���L¤N�E�t¨EÌ6¨6�}ªW�� §º« 

[1/f ]
Ä��#Ä����t��¹����L¤

|f |2λ/f |λ=0
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z

∂̄
[ 1

zp

]
∧ ϕdz =

2πi

(p − 1)!

∂p−1

∂zp−1
ϕ(0).
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Ä��}��£W�
?aÐ �dÝ A

vn · · · v1 = ±|ωn · · ·ω1|
2 mτ eτ ⊗ e∗∅¦©¨6£-ª_¨E¹§�

τ ∈ Xn
�

Ü º}ª_�,£WÇ6�®�~�N�n�»���E¥u�
Fk

�}�Eª»¹�¨6¤}¨E¹§�t�E�¯�,¤«�_£_����ª � Ú�  �t�}���Eª
¨6£_��Ì6�t¤}�E�t�Å 
¦©£_¨6¹ ³ � Û µ �E¤}� ³ ´ Û µ ¬x¨6¤}�
¥��E¤ÀªW�}¨hÄ �~�}�L���~�}�,£_�
�UÆ¸��ªW�~ª��½�~¨E£_�t¥§ÇE�L£_�t�U�q 

X�E¤}� �±¡}£W¨6¡0��£½¹§�E¡
Π̃ : X → Cn �~�N�n�(�tª½º?�t�}¨6��¨6¹�¨6£_¡}�?�t¥(¦©£_¨6¹

X \

Π̃−1({z1 · · · zn = 0})
�_¨

Cn \ {z1 · · · zn = 0}
¬�ª_�?¥u�±�~�N�L�§�t¨2¥��L�t�� E¬���¤±�

¥�¨2¨6£_�?�t¤N�L�_��¥u�}�E£W�
U
¨E¦

X
¬��Å�¯�}¨E�t�}ªZ¦©¨6£¯�L�t�

k
�~�}�L���_�}��¡?�}�t��ºN�E¥u°
¨E¦|¨6¤?��¨E¦

�~�}�
�,¤«�_£_����ª�¨E¦
Fk

�}�ÅÇ2�t�}�,ª��~�}��¡}�?�t�tº}�E¥u°«ª�¨L¦¯�L�t�C�,¤I�~£_����ª�¨E¦
Fk
�ÒÃ ¤ ¨L�~�}�,£

ÄC¨E£_�}ªrÄ���¥��E¤½Ä�£W���_�
Π̃∗Fk = F 0

k F ′
k

¬�Ä��?��£_�
F 0

k

�tªr��¹§¨E¤}¨6¹��¼�E�{�E¤?�
F ′

k

��ª
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¤}¨6¤IÇL�E¤}��ª_�}��¤}Ì}¬6�L¤}���E¤N�L�t¨6Ì6¨E�}ª_�Å �ÄC���}�hÇE�

Π̃∗F = F 0F ′ � �-�}�-¥,¨6¤}ªW�_£_�}¥U�~��¨6¤
�tª�ºN�Eª_�,�
¨6¤��~�?�rª_¨L¾�¥��E���t�,� >��UÄ-�~¨6¤
¡0¨6�� 2�}�,�}£~���Eª_ªW¨¸¥,�¼�L�_����Ä��Å�~�

Fk

�E¤}��Ä��
£_�U¦©��£��_¨ ³dË µ �L¤}�Î�~�?��£_�U¦©��£W��¤}¥,��ª��~�?��£_�,�t¤Î¦©¨E£��}�U�u�E���tª � �-�}��¹§�E¡}¡?�t¤}Ì

Π̃
��ª

�t¨2¥��E���� ��t¤��_�}��¥u�N�E£G�
U
ÌE��Ç6�,¤»ºI 

Π : U → C
n

t 7→ tP ,
Ä��}��£W�

P = (ρij)
�tª���¹��n�~£_�\Æ(Ä����_�Î�}�U�~�,£_¹��t¤N�E¤I�

±1
�E¤}�

tP
�tª��»ª_�?¨6£W�G¾

�N�E¤}��¤?¨E�u�L�_�t¨6¤�¦©¨6£
(tρ11

1 · · · tρn1
n , . . . , tρ1n

1 · · · tρnn
n )

� Â��,¤}¥��L¬I�~�}��¡?�}�t��ºN�E¥u°
Π∗

�~£_�E¤}ªW¦©¨E£_¹�ª��~�}�È�UÆ¸¡0¨6¤}�,¤«�_ª�¨L¦Q¹�¨6¤}¨6¹��¼�L�tªCºI ��_�}�È�t��¤}���E£C¹��E¡?¡}�t¤}Ì
P
/

Π∗za = Π∗za1
1 · · · zan

n = tρ1·a
1 · · · tρn·a

n = tPa,
Ä��}��£W�

ρi
�}��¤?¨E�~�,ª��_�}�

i
�_�
£_¨hÄ ¨L¦

P
¬?ªW¨��~�N�n�-�~�}�r¡?�}�t��ºN�E¥u°�¨E¦=��¹�¨6¤}¨E¹§�t�E�

�tª-�Å�~ª_�,��¦=��¹§¨E¤}¨6¹��¼�E� �
>�¨hÄÈ¬}¦©£_¨E¹ �:��¹�¹�� ´2��� �t¤�³ ´nµ Ä��È°2¤?¨$Ä �~�N�L�

F 0
k Π∗σk

�tª-ª_¹�¨2¨E�~����¤
U
�

Â�¨hÄ��,Ç6�,£�¬

F 0
k Π∗σk =

∑

j

Π∗vj
k

F̄ 0
k |F

′
k|

2
=

∑

α∈Nn

∑
� ���

Π∗vj
k
=α

Π∗vj
k

F̄ 0
k |F

′
k|

2
,

Ä��}��£W�
vj

k

�L£_� �W�}ªW�#�~�}��ÇL�E£_��¨6�}ªÈ�~�,£_¹�ª
vk

�~�N�L���E¡}¡0���L£���¤®�_�}�§¤«�}¹���£_�L�~¨E£
¨E¦

σk
� �-�}��£W�,¦©¨6£W�È¥��t���E£_�Å �¦©¨6£-���E¥u�

α ∈ Nn �_�}�Èª_�}¹
∑

� ���
Π∗vj

k
=α

Π∗vj
k

F̄ 0
k |F

′
k|

2
,

Ä��}�t¥u�Î�tª �W�?ªW���,Ó«�N�E���_¨
Ctα/(F̄ 0

k |F
′
k|

2)
¦©¨6£�ªW¨6¹���¥�¨E¤}ªW�~�E¤I�

C
¬w�N�Eª#�~¨�º0�

ª_¹�¨¸¨L�~�»�E¤}�½¥,¨6¤}ª_�,Ó«�}��¤I�~�Å 
tα/(F̄ 0

k |F
′
k|

2)
��ª�ªW¹§¨2¨E�_�»¨6£

C = 0
� Â���¤?¥��E¬0�~¨

¥�¨6¹�¡}�?�_�
R0 Ä��È¨6¤}�Å �¤}�,���
�~¨�¥�¨E¤}ª_���}��£-�~�,£_¹�ª uv

¬?Ä��}��£W�
v = (v1, . . . , vn)�tª�ª_�?¥u�»�~�}�L�

Π̃∗vk/(F̄ 0
k |F

′
k|

2)
��ªZªW¹§¨2¨E�_�"¨E¤

X
¦©¨6£��E�t�

k
� � ¨6£-ªW�}¥u�(�

v
���,�

�}ª��}�,Ø}¤}�
?aÐ � ÐBA

R0
v := ∂̄|F |2λ ∧ uv|λ=0

�E¤?�
R̃0

v := Π̃∗(∂̄|F |2λ ∧ uv)|λ=0.
� £_¨6¹)º0����¨$ÄÒ���{¦©¨6�t��¨hÄ�ª{�_�N�L�

R0
v

�E¤}�
R̃0

v

�E£_�!ÄC�,�t�«�}�UØN¤}��� ?©Ì6�t¨EºN�E�t�Å ¯�?�,ØN¤}�,�2A
¥��}£W£_�,¤«�_ªÈ�E¤}�(¹�¨6£_�,¨hÇ6��£��~�N�L�

Π̃∗R̃
0
v = R0

v

� � �?£W�~�?��£_¹�¨6£W�E¬��Å�¯��ªr¥������E£Z�~�N�n�
R0 =

∑
R0

v

¬xÄ��?��£_���_�}��ªW�}¹ ��ª��u�E°L��¤À¨hÇ6�,£��E�t�
v
� >��UÆ2��¬!¨Eº}ª_�,£WÇ6���_�N�L��¬

�t¤(Ç2�t�UÄ�¨E¦ ?©Ð �S´ AU¬:�~�?��¦©£_�E¹������t�,¹§�,¤I�È¨E¦
uv

��ª
eτ ⊗ e∗∅

¬:Ä��}�,£_�
τ ∈ Xn

��ª
�}�,�_��£W¹§��¤}���§º« 

vn
� Â���¤?¥��

Rτ eτ

�t¤0? Ý?�Å� AQÄ��t���Nº����~�?��ªW�}¹ ¨E¦�¥,�}£_£W��¤I�~ª
R0

v

¬
Ä��}��£W�

v
�tª-ªW�}¥u�»�_�N�L�

vn

¥�¨6¤I�u�L�t¤}ª-�~�?�È¦©£_�E¹������t�,¹§�,¤I�
eτ
� �-�«�}ª�¬N�~¨�¡}£W¨hÇ6�

�~�}�È¡}£W¨6¡0¨6ª_�Å�~�t¨E¤�����ªW� ��¥���ªZ�~¨�ª_�?¨$Ä �~�N�n�
R0

v

�tª-¨L¦Q�~�?���}��ªW�t£_�,�»¦©¨6£W¹ �
�:�,���}ª-�~�?��£_�U¦©¨6£_�È¥,¨6¤}ª_���}��£

R̃0
v

�t¤
U
�!Ü º}ªW��£GÇ6���_�N�L�

?aÐ � Û A
R̃0

v = ∂̄|F 0F ′|2λ ∧
Π∗((∂̄vn) · · · (∂̄v2)v1)

|F 0
n · · ·F 0

1 |
2ν(t)

∣∣∣∣
λ=0

,

Ä��}��£W�
ν(t) := (|F ′

n| · · · |F
′
1|)

2 �tª�¤}¨6¤IÇL�E¤}��ª_�}��¤}Ì � � ¨6£�¦©�}£W�_�}��£§£_�U¦©��£_�,¤}¥��L¬
¤}¨E�_���_�N�L�

ν(t)
¨6¤}�Å (�}�,¡��,¤}�}ª�¨E¤

|t1|, . . . , |tn|
� �»¨6£W��¨hÇ6�,£�¬w���,���}ª��?��¤}¨E�_�
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�}��Ì
(F 0

n · · ·F 0
1 ) ∈ Nn ºI  γ = (γ1, . . . , γn)

�E¤}�»�}��Ì
(ωn · · ·ω1)

ºI 
β
¬��L¤}�

£_�,¥��E�����~�}�L�-�}�,Ì
mτ = ατ

� Ú!  �:����º}¤}��Í��?£W�}�t�r�E¤}� ? ´2� Û Ai¬?£W��¥��L�t�t��¤}Ì ?aÐ �SÝ Au¬?Ä��
ª_�,�#�_�N�L� ?aÐ � Û AC��ª-��Ó«�N�E���_¨���ªW�}¹ ¨E¦��~�,£_¹�ªZ¨L¦=�_�}��¦©¨6£_¹ ��¥,¨6¤}ªG�u�E¤I�Z�~�t¹���ª
?aÐ � � A

∂̄

[
1

tγi−ρi·β
i

]
⊗

[∏

j 6=i

|tj|
2(ρj ·β−γj)

]
∧

t̄
ρi·(ατ+β)−γi

i

∏
j 6=i t̄

ρj ·ατ−1
j

ν(t)
d̂t̄i eτ ⊗ e∗∅,

Ä��}��£W�
ti
�tª�¨6¤}�È¨E¦=�~�}�ÈÇL�E£_�t�Eº}����ª�Ä��}��¥u�»¦©�}�ÅØN�t��ª��~�N�L�

ti
�}��Ç2���}��ª-�~�?��¹�¨6¤}¨L¾

¹§�t�E�tª
F 0 �E¤}� F 0

n · · ·F 0
1

¬{Ä��}��£W���Eª
t1 · · · ti−1ti+1 · · · tn

�}��Ç2�t�?��ª
Π∗mτ

��Ã ¤
¦a�E¥,��¬����¯�tª�¤}¨E���N�L£_�½�~¨�¥u�?��¥u°��_�N�L��¬��}¤}�t�,ª_ªr�_�}���¼�n�_�~�,£¯£W��Ó«�}�t£W��¹���¤I�È�tªZ¦©�}�Å¾
ØN�t������¬n�~�}�C¥�¨6£W£_��ªW¡�¨E¤}�}�t¤?Ì�¥�¨6¤I�~£W�tº}�¸�~�t¨E¤�Ä��t���IÇE�L¤}�tªW��¦©¨6£QªG ¸¹�¹��,�~£G �£W���EªW¨6¤}ª �
�»¨6£W��¨hÇ6�,£

d̂t̄i
�tª �W�}ªG�¯ªW�}¨6£W�_�N�E¤}�½¦©¨E£

dt̄1 ∧ . . . ∧ dt̄i−1 ∧ dt̄1+1 ∧ . . . ∧ dt̄n
�

>�¨E�_�r�~�N�n�-ª_��¤}¥��
Π∗vk/(F 0

k |F
′
k|

2)
�tªCª_¹�¨¸¨E�_���~�}�,£_�rÄ����t�0º���¤}¨�¨2¥�¥,�}£_£W��¤}¥,��ª

¨E¦¯�E¤I  ¨E¦Z�~�}��¥,¨¸¨6£W�}�t¤}�L�~��¦©�}¤?¥,�~��¨6¤}ª
t̄j
��¤Ò�~�}�
�}�,¤}¨6¹��t¤N�n�~¨6£,¬|�UÆ¸¥��,¡?�§¦©¨E£

�~�}�,¹
�t¤
ν(t)

¬C�E¤?�Ô��¤ ¡N�E£G�~�t¥,�}�¼�L£�����¦©¨6�t��¨$Ä�ª#�~�N�n�
γj − ρj · β ≥ 0

Ä��}��¤
j 6= i

� �»¨E£_��¨hÇE��£�¬��}�}���_¨ ? ´2� ÐBAu¬ ?aÐ � � A�ÇE�L¤}�tªW�}��ªZÄ��}��¤}�UÇ6�,£r�~�}�,£_����ª¯�E¤»¨¸¥i¾
¥��}£W£_�,¤}¥���¨E¦

t̄i
�t¤
�~�}�#¤«�}¹§�,£~�L�_¨6£ � ÂZ��¤}¥,����¤}��¥,��ªWª~�E£G ½¥�¨E¤}�}���_�t¨6¤�¦©¨6£ ?©Ð � � A

¤}¨E�-�_¨�ÇL�E¤}��ª_�
�tª��_�N�L�

ρi · (ατ + β) − γi = 0.

Ù ��Ä��t���}¤}¨hÄ×¥,¨6¹§¡?�?�~���~�}���E¥U�~�t¨E¤�¨L¦
R̃0

v

¨6¤��~�}�Z¡}�}���tºN�L¥u°�¨E¦:�È�~�,ªW�!¦©¨6£_¹
φ = ϕ(z)dz

¨E¦Zº}���}��Ì6£W���
(n, 0)

� ÂZ��£W�
dz = dz1 ∧ . . . ∧ dzn

� �{�U�
{U`}º��
�~�?�»¥,¨$ÇE��£§¨E¦

X
�_�N�L��¤N�L�_�}£~�E���� Î¥�¨6¹���ª�¦©£_¨6¹
�_�}�"¥�¨6¤}ªG�~£W�}¥,�_�t¨6¤ ¨E¦

X�Eª��}��ªW¥�£_��º��,� ��¤Ô�_�}�»¡?£_¨2¨E¦r¨E¦¯�-�}��¨E£_��¹ Ý?�Å� �t¤ ³ ´��nµ ¬C�E¤}� ���,�
{χ`}

º��»�
¡N�E£G�~���_�t¨6¤�¨E¦��}¤}���q �¨6¤

X
ª_�}º0¨6£W�}�t¤N�n�~�

{U`}
�wÃ ����ª�¤}¨L�C�N�L£_���_¨�ª_�,���_�N�L�CÄ��

¥��E¤"¥u�}¨2¨6ª_�È�~�?�#¡}�E£W�_���~��¨6¤��t¤
ªW�}¥u�½��Ä��� ��_�N�L���~�}�
χ`

�E£_�È¥,�t£_¥,�t�,��¬?�~�}�L�Z�tª�¬
�~�}�U �¨E¤}�� È�}�,¡��,¤}��¨6¤

|t1|, . . . , |tn|
� >�¨hÄ

R̃0
v =

∑
` χ`R̃

0
v

�=Ù ��Ä����t�«ªW�~�E£W�Qº« 
¥�¨6¹�¡}�?�_�t¤}ÌZ�~�}��¥�¨6¤I�_£_�tº?�?�~��¨6¤�¦©£W¨6¹ ¨6�}£=Ø¸Æ?�,��¥u�N�E£G�

U
?�Ä����_��¥�¨6£W£_�,ª_¡0¨6¤}�}��¤}Ì

¥��?�_¨EÁ(¦©�}¤}¥U�~��¨6¤
χ
Ai¬?Ä��}�,£_�

R̃0
v

�tª-£W���E���tÍ,���
�EªZ��ª_�}¹+¨L¦=�_��£_¹�ª ?aÐ � � A �
� �,¥��E���|�~�N�L�

R
�N�Eª�ª_�}¡?¡�¨6£G���L�#�~�?��¨6£W�tÌ6��¤�/Q�}�,¤}¥,�����#¨6¤}�Å ®�}��¡0��¤}�?ª�¨6¤

ØN¤}�Å�~���Å �¹§�E¤I ��}�,£_��ÇL�L�_��ÇE��ª�¨E¦
ϕ
�L���~�?�#¨E£_�tÌE�t¤ � �»¨E£_��¨hÇE��£�ÄC��°2¤?¨$Ä �~�N�L�

h̄�E¤}¤}���}�t�t�L�~�,ª
R
�Å¦

h
�tª¯���}¨6��¨6¹�¨6£_¡}�?�t¥�¦©�}¤}¥U�~�t¨E¤�Ä��}�t¥u�½ÇL�E¤?�tª_�?��ª¯¨E¤

Z
¬�ªW���

¶|£_¨6¡0¨6ª_�Å�~��¨6¤ ´2�g´ �t¤»³ ´nµ4� � ¨6£|�~�N�n�C£W���EªW¨6¤�¬¸�_¨��}�U�~�,£_¹��t¤}�
R0

v

���!�tª!��¤?¨6�}Ì6���_¨
¥�¨6¤?ª_�t�?��£|�~�}��¥��Eª_�-Ä��}�,¤

ϕ
�tªx���}¨6��¨6¹§¨E£_¡}�}��¥C¡0¨6�� 2¤}¨E¹§�t�E� �:Ù �Z¥��E¤�Ä�£_�Å�~�

ϕ�EªZ��ØN¤}���_���Q�� 2�t¨E£-�UÆ¸¡N�E¤}ªW�t¨6¤�¬

ϕ =
∑

a

ϕa(0)

a!
za,

Ä��}��£W�
a = (a1, . . . , an)

¬
ϕa = ∂a1

∂z
a1
1

· · · ∂an

∂zan
n

ϕ
�L¤}�

a! = a1! · · ·an!
¬QÄ����_�

¡}�}���tºN�E¥u°��~¨
U
Ì6�ÅÇ6��¤"ºI 

Π∗ϕ =
∑

a

ϕa(0)

a!
tPa =

∑

a

ϕa(0)

a!
tρ1·a
1 · · · tρn·a

n .
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Π∗dz = det P t(P−I)1 dt,
Ä��}��£W�

1 = (1, 1, . . . , 1)
�

² �t¤?¥��
det P 6= 0

¬0�Å��¦©¨6�t��¨$Ä�ª��_�N�L�
χR̃0

v.Π
∗φ

�tª��,Ó2�}�E���_¨���ª_�}¹+¨L¦w�~�,£_¹�ª
¨E¦��~�}��¦©¨6£W¹ ��¥�¨6¤?ªW�u�L¤«�Z�~��¹§�,ª

∫
∂̄

[
1

tρi·ατ

i

]
⊗

[∏

j 6=i

|tj|
2(ρj ·β−γj)

]
∧

∏
j 6=i t̄

ρj ·ατ−1
j

ν(t)
d̂t̄i eτ ⊗ e∗∅ ∧

χ(t)
∑

a

ϕa(0)

a!
tPat(P−I)1dt =

∑

a

Ia ∧
ϕa(0)

a!
eτ ⊗ e∗∅,

Ä��}��£W�
?aÐ � Ë A

Ia =

∫
∂̄

[
1

t
ρi·(ατ−a−1)+1
i

]
⊗ [µa] ∧

χ(t)

ν(t)
d̂t̄i ∧ dt.

Â��,£_�
µa

��ª��~�}� �{�E�}£W��¤I�Z¹§¨6¤?¨6¹§�t�E�

µa =
∏

j 6=i

t
ρj ·(β+a+1)−γj−1
j t̄

ρj ·(β+ατ )−γj−1
j .

Ã ¤IÇ6¨6°«�t¤?Ì ? ´¸� Ð AÈÄ����,ÇL�E�t�}�L�~���~�}�
ti
¾q�t¤I�_��Ì6£_�E� � ² �t¤}¥,�

ν
�E¤}�

χ
�}�,¡��,¤}�À¨6¤

|t1|, . . . , |tn|
����¦©¨E�t�t¨hÄ�ªr�_�N�L� ∂`

∂t`i

χ
ν(t)

|ti=0 = 0
¦©¨6£

` ≥ 1
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