
HAL Id: inria-00077268
https://inria.hal.science/inria-00077268

Submitted on 30 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Fast Non-Rigid Matching of 3D Medical Images
Jean-Philippe Thirion

To cite this version:
Jean-Philippe Thirion. Fast Non-Rigid Matching of 3D Medical Images. [Research Report] RR-2547,
INRIA. 1995, pp.37. �inria-00077268�

https://inria.hal.science/inria-00077268
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  


de  r ech er ch e 


INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Fast Non-Rigid Matching of 3D Medical Images

Jean-Philippe THIRION

N˚ 2547
May 1995

PROGRAMME 4





��������� 	�

����������� � ����������
�� 	�� ��! � "#�����$��%
&(' �)��"#�

*,+.-0/(132)46587958:6:�+<;
=�>@?
>�A�B C

D(EGFIHJELKNM�M�OQP)R STFIUVFXWGY[Z]\.OX^_Y[M�KXHIOQO`WTa]Y[bGYcFId
D(EGFXeGO`Wgf(h_Y[ijKN\.EGOlkmk

S$KNh.hnFIEoWTi.OpEGO3qsr.OtEGqur.Ovd�w]xIyXP_z{R |lKt}l~@�I�IypR ��z�hjKNHJOtb
�����`�@�@�.�X�J�n� O�h.EGOtbLOtdJWTKgM�O`WLr.F_i�WLF�hnOtEo��FIEGM�WLr�O{d.FId_�8EoYcHNYci�M�K@WLqur_Y[d.H�FN�0W9��F)�J�
M�Oti_Y[q@K@�IYcM�KNHJOtb3^3�{r�YcqsrQYcb���KXbGW�KNd.iQ��\�����}�KX\�WLFJM�K@WLO3i0� � O(Y����c\�bGWLELK�WLO(WLr_Y[b�M�O`WLr.F_i#Y[d
bLO`aIO3ELK@�,KXh.h���Y[q�K�WGY[FJd�b3^]bL\�qur�KNb6YcdIWLOtEo�9hjK@WGY[O3dIWTEGOtHNYcbmWLELK�WGY[FJd0^]q�KXEGi�Y�KNqTY[M�KXHIO$bLOtZ�\�O3d�q3O
KNdjK@��}_bGY[b3^�KXd�i�WLr.O�KN\_WLFJM�K@WGYcq
EGOtHXY[bGWLELK@WGYcFId���Y�WLr KXdjK@WLFIM¡Y[q�K��$K�WG�¢KXb£O3bt^��$r_Y[qur¤��O
Y[i.OtdIWGY��¢}lKXb$qt\.EGEGOtdIWG��}
YcM�hVFJEoWuKNdIWgqsrjK@���[Otd.HJOtb���FJE$M�Oti_Ycq�K@�,YcM�KNHJOph.EGF_qtO3b£bGYcd�H¥�$¦]O`a]�
OtELK@��Y[dJWLOtEGOtbGWGY[d.H§YcdIWLOtEo�9hjK@WGY[O3dIW#M�K@WLqur_Y[d.H¨M�O`WLr.F_i.bQr¥KtaJO)UnOtOtdlh.EGFIhnFIbLOti�EGOtq3OtdIWG��}]^
bLr�F��TY[d.H§WLr.O�YcdIWLOtEGOtbGW�FN�TbL\.qsrlWLOtqur.d�YcZ]\.Otb3^(U�\_W#�{r�FJbLO�qtFIM�h�\_WuK�WGY[FIdlWGYcM�O�Y[b�bGWGY����
h.EGFIr_Y[U_Y�WGY�aIOT��FIE©h�ELKXq`WGY[q@K@�jq`��Ycd_Y[q�K��VKXh.h���Y[q�K�WGY[FJd�b3��ªTr.O�M�K�Y[d)YcdIWLOtEGOtbGW�FX�0FJ\�E©M�O`WLr.F_i
Y[b�WLF�hVO3Eo��FIEGM«K�¬LbuK@WGY[bG�¢}]Ycd.HI­�d�FJd_�8EoYcHNY[i¨M�K�WLqsr_Y[d.H�FX�,�¢KXEGHIO$YcM�KNHJO$aIFX�[\.M�Otb��TY�WLr_Y[d
FId_��}®b£O¯aIOtELK���WLO3d�bQFX��M)Ycd]\_WLOtb#FId�K�qtFIdIaJOtdIWGYcFIdjK@����FIEG°�bmWuK�WGY[FJd0� � O)i.OtbLqtEoYcUVO¡FI\.E
M�O`WLr.F_i�KNbgU¥KXbLOti
FJd±¬£i.OtM�FJd�bL­³²�Ycd�WLr�O¡bLOtd.b£O�FN�´|lK�µ���O¯����¶·b¸i.OtM�FJd�b¯¹L^V�$r_Ycqsr��cFN�
q�K@����}�i.O`��FJEGMvWLr.OpM�F_i�O¯�VWLF)h.\.bLrºY�W�Y[dIWLF�K�M�FN�ci�^¥KNb�FIh.hnFIbLOti�WLF)M�FJEGO¸WLELKNi_Y�WGYcFIdjK@�
¬sK�WGWLELKNq`WLFJEG­lU¥KXbLOti»i.O`��FJEGM�KNU_�[O�M�F_i.O`��WLOtqur.d_Y[Z]\.Otb3�»¼,Y[djK@����}J^6��O§h.EGOtbLOtdIW�Ouµ�hnOtEoY��
M�OtdIWLbgFId�EGO�K���ijK@WuK_^0KXd�i�i�YcbLqt\.b£bTW8��F�qt\.EGEGOtdIWg��Y[M¡Y�WuK@WGYcFId.b$FX�6FJ\�E�WLOtqur.d�YcZ]\.OX½�WLr.O
bLOtd.bmY�WGY�a]Y�W8}¨WLF)Y[d_Y�WGY¢K@��hnFIbGY�WGYcFId_Y[d.H¥^¥KNd.i�WLF�Y[dIWLOtd.bGY�W9}§aXKXEoY¢K�WGY[FId.bTUVO`W9��OtOtd¨Y[M�KXHIOtb3�
¾
¿IÀ�ÁGÂ)Ãj��Ä��X� Y[dJWLOtEo�8hjK�WGY[OtdIW´EGOtHNYcbmWLELK�WGY[FJd0^Nd.FJd��9EoY[HXY[i�MºK@WLqur�Ycd.H.^IO`�¢KXbGWGY[q�M�K@WLqur_Y[d.H.^
Y[M�KXHIOQbLOtZ]\.Otd.qtO�KXd¥K���}_bGYcbt^_i.O`��FIEGM�KXU_�[OQM�F_i.O`�

Å[Æ�ÇÈ�ÉmÊ�Ë ÇÈ�Ì�ÍÎÉoÏ�Ð`Ñ
ÒoÓVÔTÕsÖ·×�ØuÙ�ÚGÕ¯Û3ÜcÝ�Þ3Ö·×·ÖÎÝ�ÝJÚuß à8Þ�ÖÎá�ÖÎâ`ÛXã�ä�â`Ý�Þ�ÖÎÕ�ß ÖÎÛ�á�ÖÎÕ�ß å�á
Ò9Ò8Þ`à�à8ÝJØçæ`æLè,è,è©ß ÖÎÛ�á�ÖÎÕ@ß å�á9æsÓnétê�ÖÎÝIÚGä9æsÓVëjì�í,î,ï�ð�ÓjÜ[ÚGÛ�ñ�ß Þ¯à8Ô�×
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h_��KNbGWGY[q�i.O`��FJEGM�K@WGYcFId.b¯¹L� 2$F���O`aIO3E¯^©WLr.OtEGO
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K@�ch�rjK���FIEG°]bGWuK�WGY[FId����$��qtFJ\�EGbLOX^¥WLr_Y[b¸WLO3qsr.d_Y[Z]\.O)YcbQq�KNd.FJd�Ycq�K@��Y��6�$rjK�W$Y[bQd.OtO3i�O3i�Y[b
��O�K@WL\.EGO�hnFNY[dJWLbpMºK@WLqur�Ycd.H.� 49W�Ycb�K��[bLF)eG\.bGWGY �jOti��TY�WLr<EGOtbLhVOtq`W#WLFlKXdjK@WLFIM#}n½0��FIEQWLr.O
Ouµ¥KXM�h_�[O�FN��WLr.O�U.ELK@Ycd�^�K§��KNEGHIO¡bL\�U.bLO`W�FN��WLr.O�qtEGO3bmWQ��Y[d.Otb�qtFIEGEGO3b£hnFId.i.bQq`�[FJbLO`��}�WLF
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ð�ð Û983:<;>=3?



% ���������
	��
	����
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1 M�FJd�H{WLr�O�aXKXEoY[O`WGYcOtb(FX�¥i.O`��FJEGM�KNU_�cO�M�F_i.O`�_WLOtqur�d_YcZ]\.Otb3^@��O´h.EGFJhVFIbLO6WLF¸i_YcbmWGYcd.HI\_Y[bLr
UVO`W9��OtOtd�W8��F�°IYcd�i.b�FX�,M�O`WLr.F_i.b3½XWLr.O��
����� �
 ����� �9UjKNbLOti�i.O`��FJEGM�KNU_�[OTM�F_i.O`�cb�KNd.i�WLr.O
	���� ���X�8UjKNbLOti�i�O¯��FIEGM�KXU��cO�M�F_i.O`�[b3�Iª�r_Ycb6i_Y[bGWGY[d.q`WGYcFId�^�K��[FJd�H¸�TY�WLr�WLr.O{h�EGO3b£O3dIWuK@WGYcFId
FN�gKNd�KXEGqsr.O`W9}_h_Y[q�K��Ti�O3M�FId_�9U¥KXbLOti»i.O`��FJEGM�KNU_�[O�M�F_i.O`�8^�Y[b)WLr.O¨M�K@Ycd hVFXY[dIW¡FN�{WLr.O
h.EGOtbLOtdIW{h¥KXhVOtE¯�
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ª�r.O#M�FJbmW�YcdIWL\_Y�WGY�aJO)M�O`WLr.F_i�b{KNEGO�K�WGWLELKNq`WLFJEo�8UjKNbLOti�^��{r_Y[qur
Ouµ.h���K@Ycd�b��{rI}§WLr.O`}³KXEGO
WLr.O¸M�FIbGW6�TY[i.OtbLh.EGO�KXi0�]ªTr�Ogi�O¯��FIEGM�KXU��cO$M�F_i.O`�jY[b�K#qtFJdIWLFI\.E�buKNM�h_�cOti�Y[dIWLF�KpHXY�aJOtd
d]\.M�UnOtE#FN��hnFNYcdIWLb¡² bLOtO��jHI\.EGO§~N¹L^�U.\_WQY�W#M)YcHIrIW#UnO�K��[bLF
K�EGOtHJ\���KNE¸HJEoY[i�^�q3F3aJOtEoYcd�H
WLr.O��{r�FX�[OTY[M�KXHIOX�NªTr.O$buKNM�h_��Y[d.H#hVFNYcdIWLb�KNEGO{K@WGWLELKXq`WLOti�UI}�hVFXY[dIWLb6Ycd�WLr�O{bLqtOtd.OQ²���FJE
Ouµ¥KXM�h_�[O#qtFIdJWLFI\.E�hnFNYcdIWLb¯¹L�
ªTr.O´h.\_����Y[d.H¸��FIEGq3Otb�q@KNd�UVO�i.OtEoY�aJOti)bGYcM�h_��}�KNb©K���\.d�q¯WGY[FId¡FN�.WLr.O�i�YcbGWuKNd.qtO�WLF¸WLr.O

q`�[FJbLOtbGW�hnFNYcdIW�Ycd WLr.O�bLqtOtd.OX^�bL\.qsr KNb#Y[d 48WLOtELK�WGY�aJO � �[FJb£O3bmW¡D�FNYcdIW�² 4 � D´¹pM�O`WLr.F_i.b
² bLOtO �çy'��^ �çx�~6��¹L��ª�r.O
��FJEGqtOtb�q�KXd K��[bLF<UVO�i.OtEoY�aIOti¤��EGFIM M�FIEGO�O¯aIFX��aJOti bGYcM)Y���KNEoY�W9}
M�O�KXb£\.EGOtb b£\.qur�KNb6bGYcM)Y���KNE6qt\.EoaXK�WL\�EGO3b¸² bLOtO � ~ � �8^ � P � ¹L^JFJE¯^XYcd�WLr�O{q�KNbLOTFN��qtFIEGEGO`��K@WGYcFId
WLOtqur�d_YcZ]\.Otb3^�bGY[M)Y��¢KNE�YcdIWLOtd.bGY�WGY[O3b�FJE6WLOuµ�WL\.EGOtb3� 1 HIO3d�O3ELK@�0h.EGFJU��cOtM Y[b�r.F�� WLF�EGOti.\�q3O
WLr.O�K��[HJFIEoY�WLr.M)YcqQqtFIM�h��cOuµ�Y�W8}³FN� �jd�i_Ycd�H�q3FIEGEGOtbLhVFJd.i�O3d�q3Otb3�

ì ��ð,ì�î



��Õ`ä�à���â¯Û3Ücð,ÖÎñsÖ����#Õsà��8Þ�ÖÎÛ�ñ�âså
	¯í��#Ú��3Ö��GÕu×Iì�ÔTÕ`ñ¯ÚGä �

Scene

Points attracted by the scene

Line of attractors

Deformable model
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djK@WL\.EGO�²�Ycd�bGYci�O�FIE{FI\_WLbGY[i.O�¹�FX��WLr.O¡qt\.EGEGOtdIW#OtbGWGY[MºK@WLO�FN��WLr�O¡M�F_i.O`�©K@W{WLr¥K�WQhVFXY[dIW3�

� �#Õ 93è�Úo×·×�� ä���ÚGÔ�â¯Û@ä�è0ÚGá�ÚQÖÎÛ`à9á â ��ê �GÚ���ÖÎÛ
Ý�Þ./�ä�Ö��Gä$à9â�ÔTâ �@Úo×�à8Þ�Ú#Ý�Õ`á�Õ ��â 93Ö��GÕs×�Ö���ÚGÕ)à9Þ@Õuà$Õ
ä ÚGÔ�Ö·Ü[ÝJÚGá ÔTÚGÕ.,�×ÎÚ.ÔTÚGÔ ,@á�Õ`Û�Ú
�Gâ`ê�×�� 7tÖÎâu×ÎÕsà9Ú¥à9Þ�Ú0ä Ú��Gâ¯Û ��×ÎÕGè�âså�à9Þ@ÚGá�ÔTâ � /@Û@Õ¯Ô´Ö��Gä��[Õ.,Iâ¯ê�à_ÚGÛ`à9á â¯Ý./	�9ß
:tÖ·à8ê�Õsà9Ú��#ÖÎÛ)à8Þ�ÚTÔ�ÚGÔ ,�á�Õ`Û�Ú6+Nà9Þ@â¯ä Ú���ÚGÔTâ`Û�ä(Õ¯á Ú�ä�ê@Ý�ÝJâ`ä�Ú��pà9âQä â¯á�à©×Îâ �GÕs×·×0/�à¢è0â*��Ö�
IÚGá�ÚGÛ`à6à /@ÝIÚGä
âså�Ô�âu×ÎÚ��Gê3×ÎÚGä�âuå0Õ¸Ô�Ö 9@Ú��#ñ`Õ¯ä4+Ià9â$Ý�ê�à6â`Û�Ú6à /�ÝJÚ�â`Û�â`Û�Ú�ä�Ö��@Ú�Õ¯Û �Qà9Þ�Ú�âsà9Þ@ÚGá�à /�ÝJÚ�â`Û#à8Þ�Ú�âsà9Þ�ÚGá
ä�Ö���Ú�âså]à9Þ�Ú�Ô�ÚGÔ ,�á�Õ`Û�Ú6+sÞ�ÚGÛ �GÚ�ñuÖ07tÖÎÛ�ñ�Õ���Ú��Gá ÚGÕ¯ä ÚVÖÎÛgÚGÛ`à8á�â`Ý�/uß3î�äVÚGÕ<�8Þ ��ÚGÔ�â¯Û´Û�ÚGÚ���ä¥à9â��Gâ`Û�ä�ê�Ô�Ú
ä â¯Ô�Ú,ÚGÛ�ÚGá�ñA/6à9â(ä�â`á�à�+uà9Þ�Ú,ñs×Îâ�,@Õu×XÚGÛ`à8á�â`Ý�/�âsåIà9Þ�Ú,ä�/@ä�à9ÚGÔ®ÖÎänä�à�Ö·×·×XÖÎÛ �Gá�ÚGÕ`ä�Ú�� +sè�Þ�Ö��8ÞTä ê�Ý�Ý�á ÚGä�ä ÚGä_à9Þ�Ú
Ý�Õ`á�Õ ��â 9Iß
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48�,WLr.O¸hnFNY[dJW�Y[b6Y[d.bGY[i.OTWLr�OgM�F_i.O`��^]WLr�O{h.\�bLr�Y[b6YcdI�TKNEGi�^.KNd.i�Y��0WLr.O¸hnFNY[dJW�Y[b�FI\_WLbGY[i.OX^
WLr.Oph.\.bLr§Ycb�FJ\�W9�TKNEGi��

Scene

Deformable model

Demons pushing outside

Demons pushing inside

¼,Y[HJ\�EGO�x�½¥�¸O`��FIEGMºKNU_�[OQM�F_i.O`����Y�WLr
i.OtM�FJd�b

4mdIWL\_Y�WGY�aJO`��}J^�WLr�YcbQWLOtd.i�b#WLF�h.\.bLr�WLr.O�qtFJdIWLOtdIW¡FN��WLr.O�M�F_i.O`�©Y[d.bGY[i.O�WLr.O�FIU_eGOtq¯W
bLr¥KXhVOX^(KXd.i EGOoeGOtq`W�WLr.O§UjKXqs°]HJEGFI\.d.i FN�TWLr.O§M�F_i�O¯��Y[M�KXHIO�FI\_WLbGY[i.O�WLr.O§bLrjKNhnOX��4od
FNWLr.OtE#��FIEGi.b3^�WLr_Y[b#WLOtd.i�b�WLFlbLFIEoW#Y[d.bGY[i.O¨KNd.i<FI\_WLbGY[i.O�hVFNYcdIWLb�FN��WLr.OºM�F_i�O¯��^��TY�WLr
EGOtbLhVOtq¯W�WLF�WLr.O#bLqtOtd.OQFIU_eGOtq¯W´YcdIWLOtEo��KXqtOX^�Y[d³WLr�O#buKNM�O¸�TK¯}�WLrjK@Wg|lK�µ_��O`���8¶ bTi�O3M�FId.b
bLFIEoW¸W9��F§W8}�hVOtbQFX��M�FN�cOtqt\_�[O3bQFN��K�M)Y�µ�Oti�H]KXb¸��Y�WLrlEGOtbLhVOtq`WQWLF³K�b£O3M)Y��9hVOtEGM�O�KNU_�[O
M�OtM�U.ELKNd.OX�
¼,Y[HJ\�EGO®�®h.EGOtbLOtdIWLb�WLr.EGOtO³Y�WLOtELK�WGY[FId.b�FX�#K®bGWuKXd�ijKXEGi K�WGWLELKNq`WLFJEo�8UjKXb£O3i M�O`WLr.F_i

² \.hVOtE#��Ycd�ON¹gKXd.i®FX��WLr.Oºi.OtM�FId_�8UjKXb£O3ilM�O`WLr.F_i�²��cF���OtEQ��Y[d.O�¹QKXh�h_��Y[Oti�WLF
WLr.O�EoY[HXY[i
M�K@WLqur_Y[d.H�FX��W9��F�i_Y[bL°]b3�V¼.FIE�WLr.O#K@WGWLELKNq¯WLFIE�q�KNbLOX^_��FIEGqtOtb�FJEoY[HNYcdjK@WLO¸��EGFIM WLr.OQM�F_i.O`�
UVFJ\�d.ijKNEo}�²�WLr.O�M�F�a]Ycd.H¸i_Y[bL°.¹L^NKXd�i�KXEGO�i�YcEGOtq`WLOti#WLF��TKNEGi#WLr.O�q`�[FJb£O3bmW�hnFNYcdIW�FN�_WLr.O ��µ
i_Y[bL°j�¥¼.FIE6WLr.O¸i.OtM�FJd�q�KNbLOX^I��FIEGqtO3b´FJEoY[HXY[djK@WLOT��EGFIMvWLr.OQbLqtOtd.O$UnFI\.d.ijKNEo}³²�WLr.OQbGWuK@WGYcq
i_Y[bL°.¹L^�KXd.i�KNEGO$i_YcEGOtq`WLOti�FI\_W9�TKNEGi�FIE(YcdI�TKNEGi�WLr_Y[b�i_Y[bL°j^]i.OthVO3d�i_Ycd�H¡FId��{r.O`WLr.OtE6WLr.O
qtFIEGEGO3b£hnFId.i_Y[d.H�hnFNY[dJWLbQKNEGOQY[d.bGY[i.O#FIETFI\_WLbGY[i.OQWLr.O#M�F_i.O`��i_Y[bL°j�0¼�FJE�UnFNWLr³M�O`WLr.F_i.bt^
WLr.Og��FJEGqtOQM�KXHId_Y�WL\.i.OtbTi�O3qtEGO�KNbLO¸EGO3HI\_�¢KXEo��}J� � OQd.FNWLO¸WLrjK@W�WLr.OQ��FIEGqtOQi_YcEGOtq`WGY[FJd.b$KXEGO
i_Y �0O3EGOtdIW3^¥bLr.F3�TY[d.H�WLr¥K�W�WLr.O¸W9��F�M�O`WLr.F_i.b$KXEGOQEGO�K@����}�i_Y ��OtEGOtdIW3^VKXd.iºWLrjK@W�WLr_Y[bTi_Y��¢�
��OtEGOtd.qtOTY[b6d.FNW i.\�OTWLF�KgqurjKNd.HIOTFN�nWLr.O$bG}_bGWLOtM�FN�0EGO¯��OtEGOtd.qtOX� � O�d.FNWLOgK@�cb£F¸WLrjK�W6WLr.O
K@WGWLELKXq`WLFIE{M�O`WLr.F_i�d.OtqtOtbLbGY�WuK�WLOtb�WLr�O�qtFJM�h.\�WuK�WGY[FJd�FN�©q`�[FJbLOtbGW$hnFNY[dJWLbt^��{r_Y[qur
Y[bgd�FXW
EGOtZ]\_Y[EGO3ilUI}
WLr.O)i.OtM�FId�M�O¯WLr�F_i�^0KNd.i
WLrjK�W$WLr.O�i.OtM�FId�M�O¯WLr�F_ild.Otq3OtbLbmY�WuK@WLOtbTWLr.O
OtbGWGY[M�K�WGY[FJdºFX�,WLr.O¸Y[d.bGY[i.OQKNd.i�WLr.OQFI\.bGY[i.OX^]�$r_Y[qur�Y[bTd.FNW�EGOtZ]\_YcEGOti§UJ}�WLr�O#K�WGWLELKNq`WLFJE
M�O`WLr.F_i��
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¼,Y[HJ\�EGO¨P�KNEGO�WLr.EGOtO¨FNWLr.OtE�Y�WLOtELK@WGYcFId.b3^6KNd.i bLr.F3�{b�WLrjK�W)WLr.O§UnOtrjKta]Y[FJEGb)FN�{WLr.O
W8��F�M�O`WLr.F_i.b�UVOtqtFJM�O�bGY[M)Y��¢KNEº²�Y[d WLr¥K�W)hjKXEoWGY[qt\_�¢KXE)q�KXbLO�¹$�$r.Otd qtFIM)Ycd.Hlq`�[FJb£O�WLF
WLr.O'�jdjK@��bLFX�[\_WGY[FJd0�

¼�YcHI\.EGO���½�ªTr�EGO3O�Y�WLO3ELK@WGY[FJd.bpFX�6WLr.O�K@WGWLELKXq`WLFIEo�9UjKNbLOtilM�O¯WLr�F_i ² \.h.hVO3Eg��Y[d.O�¹¸KXd�i�FX�
WLr.Opi.OtM�FId_�8UjKXb£O3i§M�O¯WLr�F_i®²��[F���OtE���Ycd.O�¹L�

� ��� � � 39� $'( # "+- (*� * " ,*#

¼�FJE�M�Oti_Y[q�K��,Y[M�KXHIOtb3^�Ycb£FX� YcdIWLOtd.bGY�W9}
qtFJdIWLFI\.EGbgKNEGO#q`�[FJbLO`��}�EGO`��K@WLOti³WLF�WLr�O#bLrjKNhnOtb$FX�
WLr.O�FIU_eGOtq¯WLbt^VUnOtq�KN\.bLO#Y[dIWLOtd.bGY�W9}lEGOth.EGOtbLOtdIWLb#i.Otd.bGY�W9}J� #,O`W � ² EGOtbLh����.¹$UnO�WLr.O�²8�J�#¹
Y[M�KXHIO�YcdIWLOtd.bGY�W8}¤��\.d.q`WGY[FJd Ycd WLr.OlbLqtOtd.O ² EGOtbLh��´Y[d¤WLr.O®M�F_i�O¯��¹L� � OlKNbLbLF_q`Y�K@WLO�K
i.OtM�FId¡WLF�O�KXqsr�aIF3µ�O¯��� FX�¥WLr.O$bLqtO3d�O�Y[MºKNHIO��{r.OtEGO�WLr.OTHIELKNi_YcOtdIW�d.FIEGM��	�
 � ��Y[b d�FXW
d]\_���8½nY[dlWLrjK@W#q@KNbLOX^,KNd�Y[bLFX�8bL\.Eo��KNqtO�qtFJM�Otb$WLr.EGFI\.HJr�WLrjK�WQaIF3µ�O`���¡^j�{r.FIbLO�YcM�h_��Y[q¯Y�W
OtZ]\jK@WGYcFId¨Y[b �
��� ²���¹L^0KNd.iº�{r.FIbLO#FIEoYcOtdIWLOti³d�FJEGM�K@�,Ycb �
 � ²���¹L�VªTr�O#i.OtM�FJd§Ycd��
h.\�bLr.Otb�WLr.OQM�F_i.O`�VYcM�KNHJOQKNqtq3FIEGi_Y[d.H�WLF �
 � ²���¹�Y�� � ²���¹����j²���¹�KNd.i¨KNqtq3FIEGi_Y[d.H�WLF
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¼�YcHI\.EGOQP.½ 1 d.FNWLr.OtE�bLO`WTFN�,Y�WLO3ELK@WGY[FJd.b�FX�,WLr�O#K�WGWLELKNq`WLFJEo�8UjKXb£O3iºM�O`WLr.F_il² \.h.hVOtE���Y[d.O�¹
KNd.i
FX��WLr�O#i.OtM�FJd_�8UjKNbLOti�M�O¯WLr�F_i ²��[F���OtE���Ycd�ON¹L�

� �
 � ²���¹6Y�� � ²���¹ � �j²���¹$² bLOtO �jHJ\�EGO#y�¹L� 2$Otd.qtOpK��$r.FX�[OQ�J� HJEoY[i¨FN��i.OtM�FJd.b$KXq`WLb
WLF�i.O`��FIEGM WLr.O#M�F_i.O`���

� � �(� ' � %�" � ' �<%�" ' "#
º�6������	�
 	��l� �l" ' 	�

� �®����"#�
�l"Q�]	�� ' � �<%3" ' 	��l"#%

� O�h�EGO3b£O3dIW
d.F�� KXd�Y�WLOtELK�WGY�aJO K��[HJFIEoY�WLr.M WLF hVOtEo��FJEGM WLr�Old.FJd��9EoY[HXY[i±M�K@WLqur_Y[d.H.^
�$r_Ycqsr�q�KXd�UVO¨qtFId.bGY[i.OtEGO3i»WLF UnO�KXd�KNEGqur.O`W8}_hnO§��FJE�i.OtM�FId_�9UjKNbLOti»M�O`WLr.F_i�b3� � O
bL\�HJHIOtbGW{K@�cbLF)bLO`aJOtELK@�,FJhVOtd.Oti³bG�[FNWLb�Y[d�WLr.O#U¥KXbGY[qQbLqsr.OtM�OX^��$r_Ycqsr�KNEGOX½

( WLr.O#i.O`��FIEGM�K�WGY[FJdº��\.d.q`WGY[FJd

( WLr.O#EGOtbuKNM�h_��Y[d.H�M�O`WLr.F_i

ì ��ð,ì�î



��Õ`ä�à���â¯Û3Ücð,ÖÎñsÖ����#Õsà��8Þ�ÖÎÛ�ñ�âså
	¯í��#Ú��3Ö��GÕu×Iì�ÔTÕ`ñ¯ÚGä ~��

g

f

f

p

f
gg(p)

p

IntensityIntensity

SpaceSpace

f(p)

demon

P

g(p)

P

demon

f
f(p)

¼�YcHI\.EGOly�½ ªTr�O�M�F_i.O`� � Y[b�h.\.b£r.Oti ² �� ¹)UI}�WLr.O�i.OtM�FId±KXqtqtFIEGi_Ycd�HlWLF �
 � ²���¹�Y��
� ²���¹����V²���¹TKNd.i�KXqtqtFJEGi�Ycd.H�WLF � �
 � ²���¹©Y�� � ²���¹ � �j²���¹

( WLr.O#Ouµ�h.EGOtbLbGY[FJd§FX��WLr.O#i.OtM�FJd§��FIEGq3O

ªTr.FIbLO)bG�[FXWLb¸q�KXd®UnO �.���cOtil��Y�WLr�M�KNdI}�i_Y��0OtEGOtdJWQ��\�d.q`WGYcFId.b3^n�{r_Y[qur®HXY�aJOtbQM�FJEGO
�jOuµ�Y[U_Y���Y�W9}�WLF¨FI\.E¸K��[HIFJEoY�WLr.M¨�0¼.FIE¸O�KXqsr�bm�cFNW3^¥��O�K��[bLF�Y[d.i_Y[q@K@WLO#WLr�O¡bLhVOtq`Y��jq�qur.FNY[q3O
WLrjK@W#��O�rjK¯aJO�M�KXi�O¡��FIE¸WLr.O�Y[M�h_�cOtM�OtdIWuK�WGY[FJd \.bLOti�Y[d<FI\.EQqt\.EGEGOtdIW¡Ouµ�hnOtEoY[M�O3dIWLb3^
�$r_Ycqsr��TKXb(M�KXi�O�WLFQY[d.qtEGO�KXbLO�bLhVO3Oti�½��{r.Otd�M)Y�����Y[FId.b6FX�VaJF3µ�O`�[b´KNEGO�WLFpUnO�h.EGF_qtO3b£bLOti�^
K@�cHIFIEoY�WLr.M�bQM�\.bGW#HIO3d�O3ELK@����}lUVO¡bGY[M�h_�[O¡WLF§UnO�EGO�KNbLFJd¥KXU_��}³O 5�q`YcOtdIW3^�KXd�i���FIE$O@KNbGY���}
hjKNELK@���[O`��Y %�KXU_�[OX�

� ��� � , $�. ����� ./$����)���43 "�� $ .789*

� O�h�EGO3b£O3dIW�r�O3EGO)WLr.O�q�KNbLO)FX�TKl²8�J�#¹$EGOtHI\_�¢KXEQHIEoYci®i.O`��FJEGM�KNU_�cO�M�F_i.O`��� � O�bmWuKXEoW
��EGFIM W9��F�²8�I�#¹�YcM�KNHJOtb�WLF)UnO¸M�K@WLqur.Oti�½�WLr.OQbLqtOtd.O$Y[MºKNHIO � KNd.i�WLr�OQM�F_i�O¯�VY[MºKNHIO
�j�

1 W(O@KNqurpY�WLOtELK@WGYcFId���FN�jWLr�O�h.EGF_qtOtbLb3^ ���.Y[b�WLr.O´YcM�KNHJO �j^Ni.O`��FIEGM�Oti)UI}�WLr.O�qt\.EGEGOtdIW
WLELKNd.bG��FIEGM	�
�9� � O�bmWuKXEoW(�TY�WLr�KXd)Y[d_Y�WGY�K@�.WLELKNd.bG��FIEGM	��� � ��
������������j^_KNd.i)��O��[F_FJ°g��FJE
WLr.O�WLELKNd.bG��FIEGM	�
�Q�{r_Y[qur�M�KN°XOtb ���#M�FJbGW6bGY[M)Y��¢KXE�WLF � ^��§UnO`Y[d.HQWLr.O �jdjK@�.Y�WLOtELK�WGY[FJd0�
f6KNqur§Y�WLOtELK@WGYcFId���Y[b{i.OtqtFIM�hVFIbLOti¨KXb´��FX���[F��{b3½

( ~I�´¼.FIE�O�KNqur±i�O3M�FId � Ycd � ^´qtFIM�h�\_WLO�WLr.Olh.\.b£r_Ycd�H ��FIEGqtO�FX�#WLr�Oli.OtM�FId
KXqtqtFIEGi_Ycd�H�WLF�WLr.O��cF_q�K@��bLrjKNhnO�FX� ���6K�W �¡^¥�$r_Y[qur�Y[b ��K@W ��� � ��� �� ²���¹$KNd.i
WLr.OQ�[F_q�K��0bLrjKNhnOQFN� � K@W �)�
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( x�� � FIM�h�\_WLOgKNd�O`�cOtM�OtdIWuKXEo}�i.O`��FIEGMºK@WGY[FJd�������FJE(WLr.O��{r�FX�[OTY[M�KXHIOX^N��EGFIM�WLr.O
aJOtq`WLFJE �jO`�ci
FN��WLr.O#h.\�bLr_Y[d.H)��FJEGqtOtbp² FIE�� � �� ��EGFIM WLr.O#EGO`aIO3EGb£O3i
��FIEGqtO3b`¹L�

( ��� 1 h.h_��}�WLr�O�O`�[OtM�OtdIWuKNEo}®i�O¯��FIEGM�K�WGY[FId�����WLF¨FIU_WuK@YcdlWLr�O¡d.O`� WLFXWuK@� i�O¯��FIEo�
M�K�WGY[FJd0½ �
��� � � ���	� �
�´² FJE � � ���� � � � � �� �
� � �� ¹L�

�¸Otd.OtELK�����}]^.Y�WQq�KXd�UVO�i_Y 5�qt\_��WQWLF�YcdIaJOtEoWQWLr.FIbLOpWLELKXd.bm��FJEGM�b3� 4od�WLrjK@WQq@KNbLOX^�Y�WgY[b
O�KNbLOtEQWLFlM�KXd_Y[h.\_�¢K@WLO�FJd_��}�WLr.O�YcdIaJOtEoWLOti»WLELKXd�bG��FJEGM�b3� 48� �
�³Y[b�d�O3Oti.Oti Ycd�bGWLO�KXi»FX�
� � �� ^�WLr_Y[b$q@KNd¨UVO#i.FId.OQbGY[M�h_��}¨UI}¨Ouµ.qsrjKNd.HXY[d.H � KNd.i ��Ycd§WLr.O#qtFIM�h�\_WuK�WGY[FId��

� � � ������������� 6��'��#
#7� # "+- (*� -<"�� * � ./$0"�,

|lKNdI}�W9}_hVO3b�FX��WLELKXd.bm��FJEGM�b � q�KXd§UnO¸\.b£O3iº�TY�WLr_Y[d¨WLr_Y[b���ELKNM�O`��FJEG°j^¥ELKNd.HXY[d.H���EGFJM
EoY[HXY[i�^¥K 5ºd�OI^�Z]\jKNi.ELK�WGY[q$WLELKXd�bG��FJEGM�b�WLF)bLh_��Y[d.Otb�FJE6WLFNWuK@����}���EGOtO¯� ��FJEGM i.O`��FIEGM�K�WGY[FJd�b3�
¼�FJE�Ouµ¥KXM�h_�[OX^¥K�bGY[d.HN�cO$EoY[HXY[i�WLELKNd.bG��FIEGM���� q�KNd�UVOgOtbGWGY[M�K�WLOti¨K@W�O�KXqsr�bGWLOth���Y�WLr§K
�[O�KXbGW�bLZ]\jKNEGO$\.bGY[d.H�K@���¥WLr.OTaIOtq¯WLFIEGb�FN�nWLr�OT��FIEGqtO �jO`�[i�^I��Y�WLr§K#Z]\jK@WLO3EGd�YcFId�EGOth.EGOtbLOtd_�
WuK@WGYcFId�FX�(EoYcHNY[i¨WLELKNd.bG��FIEGM�b�² bLOtO � y � ¹L�Vª�r.O�qsr.FNYcqtO#FN��WLr.O�M�F_i.O`��FX�(i.O`��FJEGM�K@WGYcFId¨Y[b
FId.O$�TKt}�WLF�YcM�hVFJbLO�WLr.OQEoY[HXY[i_Y�W9}�qtFId.bGWLELK@YcdIWp² FIE6Y[dJWLOtEGdjK@�0��FJEGqtO�¹(FN�,WLr.O¸i.O`��FJEGM�KNU_�cO
M�F_i.O`��� �¸d�WLr.O�FNWLr.OtE¸rjKXd�i�^VWLr.O�M�FIbGWQhnOtEGM)Ycb£bGY�aIO�bLO`WpFN�(WLELKXd.bm��FJEGM�b¸Y[b¸WLF¨bGWLFIEGOX^
��FIE{O�KNqur
aJFtµ.O`�(FX��WLr.O¡b£q3Otd.OpYcM�KNHJO � ^nK��J� �jF]K�WGY[d.HN�9hVFXY[dIW{aIO3q`WLFIETWLr¥K�WQHNY�aIO3b$WLr.O
qtFIEGEGO3b£hnFId.i_Y[d.H¨hVFIbGY�WGY[FId�Ycd �V��¼.FIE¸WLrjK@W#WLFXWuK@����}���EGOtO)��FJEGM q�KXb£OI^�K��[F�� h¥KXbLb ����WLOtE
FN�0WLr.O{i�YcbLh���KNqtO3M�OtdIW�aJOtq`WLFJE �jO`�[i�²���FIE Ouµ¥KNM�h��cO¸K �QKN\.bLbmY�KNd��.��WLOtEoY[d.H.^I�TY�WLr¨KpHXY�aJOtd
� ¹´q@KNd¨UVO#\.b£O3i§WLF�qtFJdIWLEGFN�,WLr.O#i.O`��FIEGM�KXU_Y���Y�W8}³FN��WLr.O�M�F_i�O¯��� � OQ\�bLOQWLr_Y[bTW8}_hnO�FX�
WLELKNd.bG��FIEGM ��FIE�WLr.O#EGOtbL\_��WLb$h.EGOtbLOtdJWLOti
r.OtEGOX�

�¸d.O�K@��WLOtEGdjK@WGY�aIO�WLF�WLrjK�W�bLqur.OtM�O6Y[b�WLF$M�OtEGHIO�bGWLOth¡x$KXd�i¡�´Ycd)K{bmYcd.HN�[O bmWLO3h0^�WLr¥K�W
Y[b3^IWLF�qtFJM�h.\_WLO �
��� � ��EGFIM �
�n��Y�WLr�FJ\_W�KNd�YcdIWLOtEGM�Oti_Y�K@WLO
����q3FIM�h.\_WuK@WGYcFId��JªTr_Y[b6q@KNd
UVOQ\.bLO`��\_�0Y[d¨WLr.OQq�KNbLO¸FX��WLELKXd.bm��FJEGM q`�¢KXbLb£O3b �TY�WLr³K��cF_q�K@����}]��aXKNEo}]Ycd.H�i.O`��FIEGM�KXU_Y���Y�W8}J�
48W�Ycb�K@�cbLFl\�bLO`��\_�T��FIE¡b£h_��Y[d.Otb3^�Y��$��O��TKNdJW�WLF�Otd.i�\�h ��Y�WLr¤K�bGYcd�HX�[O¨bLh���Y[d.O��TKNEGh
Y[d.bGWLO�KNi³FN�©K)qtFJM�h_��Ycq�K@WLOti¨qtFJM�hVFJbmY�WGY[FJd§FX� �lbLh_��Ycd.Og��\.d.q`WGYcFId.b3�

� ��� �������������!.��  !� # "+- ��� #7� *  -�'$', 3 ���43�"���$�.789* #

��� � � � �� ²���¹pYcb�K �jF�K@WGY[d.H�hVFXY[dIW�aIOtq¯WLFIE¯^6U�\_W¨KXd»Y[M�KXHIO �»Ycb�K®buKXM�h_�[Oti»��\.d.q`�
WGY[FJd0� � O³q�KNd¤OtbGWGY[MºK@WLO �V²����9¹)�TY�WLr�WLEoY�����Ycd�O@KNE�Y[dIWLO3EGhVFN��K@WGYcFId�^´KXb�Ycd¤FI\.E�qt\.EGEGOtdIW
Y[M�h_�cOtM�OtdIWuK�WGY[FJd0^.U�\_W�Y�WTq�KXd¨K@�[bLF¡UVO¸M�KXi.O¸M�FIEGOQh.EGOtq¯Y[bLOX^J��FJE�Ouµ¥KNM�h��cO¸UI}�\.bGY[d.H�K
WLEoY��9bLh���Y[d.OQY[dIWLO3EGhVFN��K@WGYcFId��

ì ��ð,ì�î
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ªTr_Y[b�Y[M�h.EGF�aJOtM�OtdIW�M�Kt} WL\.EGd FJ\�W�WLF UVO�aJOtEo}¤Y[dIWLOtEGO3bmWGYcd.H»��FIE�KXd�HXY[FJHIELKNh.rI}
FIE�KXdI} ��\.d.q`WGY[FJd¥K��$YcM�KNHJOtEo}�UjKNbLOti�FJd YcM�KNHJO
bL\.U_WLELKNq`WGYcFId���¦]M�K����¸d.FJd��9EoY[HXY[i�i.O`�
��FIEGM�K�WGY[FJd�bgq�KNdlOuµ_Y[bGW#UVO`W9��OtOtd�WLr.O)YcM�KNHJOtb$WLF¨b£\.U_WLELKNq¯W3^ni.\.O)��FIE{Ouµ¥KXM�h_�[O)WLF�WLr.O
hjK@WGY[O3dIW�U.EGO�K�WLr�Ycd.H.� 1 �¢WLOtE�qtFJEGEGOtq`WGY[FJd»FX��WLr.O�i.O`��FIEGM�K�WGY[FJd0^�WLr.O���YcM)Y�WuK�WGY[FId FN�TWLr.O
hVOtEo��FJEGM�KNd.qtO{Y[b�WLr.OQb£M�F_FNWLr_Y[d.H)FX�,WLr.O¸i.O`��FIEGM�O3iºYcM�KNHJO$Y[d.i.\.qtOti¨UI}�WLr.O¸WLEoY�����Y[d.O�KXE
Y[dIWLO3EGhVFN��K@WGYcFId�� 2$F���O`aJOtE¯^3WLr_Ycb�YcM�h.EGF3aJOtM�O3dIW�Y[b�KNqur_Y[O`aJOti#WLF�WLr.O�i.O`WLEoY[M�O3dIW(FX�_bLhVOtO3i0^
��Y�WLr�K�i_Y ��OtEGOtd.qtOQFX��M�FIEGOQWLrjKNd
FJd.OQFIEGi.OtETFN��M�KNHJd_Y�WL\.i.OX�

� � � �������������!.��  !� # "+- ( � * "�, #

¦]F���KXE¯^¥��O��[O¯�¢WQ\.d�bGWuK�WLOti
WLr.O)h.EGOtq`YcbLO�i.OtbGY[HJd�FN�´K�i�O3M�FId��Vª�r.O¡HIOtd.OtELK���qurjKNELKXq`WLO`�
EoY[bGWGY[q#Y[b{WLr¥K�W�¬GY�W¸h.\.bLr.Otb�WLr.O�M�F_i.O`��FI\_W8�TKXEGi
�$r.Otd³Y�W$Ycb¸FI\_WLbGY[i.OQWLr.O)M�F_i.O`�8^VKNd.i
Y[dI�TKXEGi§�{r.Otd§Y�W�Ycb�Y[d.bGY[i.Ot­¥�

4md»WLr.O§q�KXbLOºFX��WLr.O¨Ouµ�hnOtEoY[M�O3dIWLb�h.EGOtbLOtdIWLOti r.OtEGOI^���O¨\.bLOºWLr.O�Y[d.bGWuKNdIWuKXd�O3FI\.b
FIh_WGY[q@K@� �¥F�� OtZ�\¥K�WGY[FJd0^QKNb�h�EGO3b£O3dIWLOti Y[d � ~�x�����FJE
WLr.O xI��q�KNbLOX�$ªTr.O»rI}_hnFNWLr.O`�
bGY[b§Ycb
WLrjK@W¨WLr.OtEGO Ycb�K qtFJd�bLOtEoaXK�WGY[FJd FN��WLr.O®YcdIWLOtd.bGY�W8} FN��hVFXY[dIWLb³\�d.i.OtE³M�FNWGYcFId
�G²���² �L¹ � �j² �L¹ ��� ² �L¹ � �`¹ ����� �
	 �`�V�$Y ��OtEGOtdIWGY�K@WGY[d.H)WLr_Ycb$OtZ]\jK�WGY[FId³HNY�aIOtb3½
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4md FJ\.E�q�KNbLOX^6��O�rjK¯aJO�FJd���} W8��F<��ELKNM�O3b � KNd.i � WLF»qtFJM�hjKNEGOX^�KNd.i���OlKXEGO
�[F_FJ°IY[d.H#��FIE�K#M�FNWGYcFId �� �{r�Ycqsr�U.EoY[d.HJb ��q`�[FJbLOtE6WLF � ^]WLr]\.b���O¸qtFId.bGY[i.OtE6WLrjK�W � KNd.i
��KNEGO�bLOthjKNELK�WLOti�UJ}�FJd.O´\.d_Y�W©FN�.WGYcM�OX½ � ��� � � � � � �V^NKNd �� � ²�
���� 
 � � 
 ��� 
 � � 
 � � 
 �s¹Y[bTWLr�OQYcd�bGWuKXdIWuKNd.OtFJ\�b�aJO`�[F_q¯Y�W8}¨��EGFIM ��WLF � ^���OprjKtaJO¸WLr�O3EGO`��FIEGOX½

���� �
 � � � � � ²8x�¹
ªTr_Y[b¨OtZ]\jK@WGYcFId�^´r.F���O`aIO3E¯^´i.F_Otb�d�FXW¨b£\ 5�q3O�WLF qtFIM�h�\_WLO �� �cF_q�K@����}J^6�$r_Y[qur¤Y[b

HIOtd.OtELK�����}§i.O`WLO3EGM)Y[d.Oti�UJ}
K�HX�[FJU¥K��0EGOtHJ\_�¢KNEoY&%�K@WGYcFId¨WLOtqsr.d_Y[Z�\�OI�n�¸O¯WLOtEGM)Y[d_Ycd�H �� q@KNd
UVO#M�KXi�O¸�cF_q�K@��Y[d§WLr.OQ��FN���[F��TY[d.H��TKt}®² bLOtO �¥HJ\.EGO � ¹L� 1 �jEGbGW$FJEGi�O3E$KXh�h.EGF3µ�YcM�K@WGYcFId
FN�,WLr.O¸Y[MºKNHIO{Y[dIWLOtd.bGY�W9}�bL\�Eo��KXqtO � K�W � Ycb�KXd�rI}_hVO3EGh���KNd.O¸WLr.EGFI\.HIr®²�� � � ²���¹G¹(�TY�WLrd.FIEGM�K���² � �
 � ²���¹ � ~N¹L�Iª�r.O�OtZ]\jK�WGY[FId ���� �
 � � � � � bGWuK@WLOtb�WLr¥K�W�WLr.O�Otd.i)hnFNYcdIW(FX� ��rjKNb�WLF�UVOpK@W�WLr.O¸Y[dIWLOtEGbLOtq¯WGY[FId¨FN�,WLr_Ycb�rI}�hVOtEGh_�¢KXd.O¸��Y�WLr�KNd�r.FIEoY&%tFIdJWuK@�0rJ}_hVOtEGh_��KNd.O
WLr.EGFI\.HIr<²�� � �j²���¹G¹L� � Y�WLr.FJ\�WpKNdI}³FNWLr.OtETY[d_��FIEGMºK@WGY[FJd�^.Y�W$Ycb¸djK@WL\.ELK@��WLF�qsr.F_FJb£O¸��FJE
�� WLr�O#q`�cFIbLOtbGW�hVFXY[dIWTWLF �¡^��{r�FJbLOQOtZ]\jK@WGYcFId§Ycb3½
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2D case

1

f

f

¼,Y[HJ\.EGO � ½ 4od.bGWuKNdJWuKNd.OtFI\.b�aIO¯�[F_q`Y�W8}¨��EGFIM ��WLF �

4mdIWL\_Y�WGY�aJO`��}J^�WLr�Ycb�YcbpWLr.O�bLr�FJEoWLOtbGWº² b£hjK�WGY¢K@� ¹$WLELKNd.bG�¢K@WGYcFId�WLrjK@W¡h�\_WLb�hVFXY[dIW �j²���¹
Y[dIWLF WLr�OlrJ}_hVOtEGh_��KNd.O ²�� � � ²���¹G¹)��Y�WLr d.FIEGMºK@��² � �
 � � ~�¹L^�WLr¥K�W�Y[b3^©YcM�KNHJO ��Y[dIWLFKNqtq3FIEGijKNd.qtO)�cF_q�K@����}l�TY�WLr<Y[M�KXHIO � �(¼.FIE#FJ\�E#i.OtM�FJd.bt^,��O�qtFI\_�[i�WuKN°XO¨KNb#h.\.b£r_Ycd�H
��FIEGqtO � WLr_YcbpaJO`�[F_q¯Y�W8} �� ��ªTr_Y[b���FIEGqtO�h.\.bLr�O3bpYcdI�TKNEGi�^�WLrjK@W�Y[b3^�Y[d<WLr.Oºi_YcEGOtq`WGY[FJd»FX�
�
 � �$r.Otd � ���j^¥KXd.iºFJ\_W8�TKNEGi�^�WLrjK�W�Y[b3^�WLF��TKNEGi � �
 � ^��{r�O3d � � �j^_�$r_Y[qur�Y[b�WLr.O
i.OtbGY[EGOti³UVOtrjKta]Y[FJE�FN� K)i.OtM�FId��

2$F���O`aJOtE¯^@WLr_Y[b OtZ]\jK@WGYcFId�Ycb(\.d.bGWuKNU_�[O��$r.Otd�WLr.O�HJELKNi_Y[OtdJW(d.FIEGM Y[b©bLM�K@����� 4od¡WLr¥K�W
q�KNbLOX^.K�bLM�K����VaXKXEoY¢K�WGY[FId¨FN�,WLr.O¸YcdIWLOtd.bGY�W8}¨q�KXd§EGOmeGOtq`W�WLr.OQOtd.i§hnFNY[dJW�FN� �� WLF)Ycd �jd_Y�W9}
Y[d�KNdI}¨i_Y[EGOtq¯WGY[FId�^VKXd�i¨Y�WT��FI\_�[i³UVOQZ]\_Y�WLO�\.d.i.OtbGY[ELKNU_�cOgWLF�r¥KtaJO�K�bm}�bmWLO3M WLr¥K�W$q@KNd
qtEGO�K�WLO#K@�[M�FIbGW�Y[d��jd_Y�WLOQ��FIEGqtO3b �TY�WLr³ELKNd.i.FIM i_Y[EGO3q`WGY[FJd�b3� 4mi.O�K@����}J^�WLr.O¸��FJEGqtOtb�bLr�FJ\_�[i
UVO#HNY�aIO3d§UI}³OtZ]\jK�WGY[FId³���{r.Otd§WLr.O#HIELKXi�YcOtdIWTY[bTr_Y[HIr�^VKXd�i¨bLr.FI\_�[i³UVOQq`�cFIbLO¸WLF %tOtEGF
�$r.Otd¡WLr�O{HIELKXi�YcOtdIW©Y[b(�cF3���]¼�FJE(OuµjKNM�h_�[OI^�WLr_Ycb6q�KNd�UVO{KNqur�YcO`aJOti�UI}�M�\_��WGYch_��}]Ycd�H�WLr.O
Ouµ�h.EGOtbLbGY[FJdQFN�_OtZ�\¥K�WGY[FJd����TY�WLr�² �
 � � �]² �
 � � ��� � ¹G¹¥�{r.OtEGO � Y[b�K�qtFJd�bGWuKXdIW,i.OthVO3d�i_Ycd�HFId¨WLr�O�qtFJdIWLELKNbGW{FN��WLr�O#Y[MºKNHIOI� 4od
��KXq`W3^�Y[d�FIEGi.OtE�WLF�KtaJFNYci§WLr.O�q3FId_��\.bmYcd.H�O$�0O3q`W¸FX�
Kpd.O`� hjKNELKXM�O`WLOtE6Ycd�WLr�OgOuµ�hVO3EoY[M�OtdJWLbt^_��O¸qsr.FJb£OTWLF�\.bLO � � � Ycd.bmWLO@KNi�FN� � ^]�$r_Y[qurY[bgK@�[bLF�K��TKt}§FX����Y[M¡Y�WGY[d.H�WLr.OQ��FIEGqtO3b´WLF�WuKX°NO �jd_Y�WLO#aXK@�c\�O3bt�
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2$O3d�q3O�WLr.O)h.\.bLr�Ycd.H§��FIEGq3O �� FN�(WLr.O�i.OtM�FIdl\.bLOtilY[dlFI\.E¸O`µ�hVOtEoYcM�OtdIWLb#Y[bQHXY�aJOtd
UI}³P.½

�� �
² � � � ¹ �
 �

�
 � � � ² � � � ¹ �
² P�¹

� O)d.FNWLO¡WLr¥K�W#WLr�Ycb#Ouµ�h.EGOtbLbGY[FId�i.F_OtbLd�¶ W#i.OthnOtd.i®FJdlWLr�O�d.FJEGM�K@��Y %�K�WGY[FIdlFX��WLr.O
Y[dIWLO3d�bGY�WGY[Otb3½NM�\���WGY[h_��}�Y[d.HQWLr�FJbLO YcdIWLOtd.bGY�WGYcOtb(UI}¡K¸qtFJd.bmWuKXdIW�i.F_OtbLd0¶çW�qsrjKNd.HJO6WLr�O�aXK@�c\.O
FN� �� � �$�TqtFI\.EGbLOX^�M�KXdI}<FNWLr.OtE�W8}_hnOtb)FX�$i.OtM�FJd»q�KXd UnO�i�O¯a]Y[bLOti�^(U.\�W�WLr_Y[b¡FId.O�Y[b
OtbLhVOtq¯Y¢K@����}�O�KXbG}�WLF�qtFIM�h.\_WLOX^��{r_Y[qur
M�KX°NOtbTFI\.E{K@�cHIFIEoY�WLr.M aIOtEo}¨��KNbGW3�

� ��� ��"+* � * "9� � ����"������ ( ( � * "�, #

4od�bLFIM�O�h_�¢KXqtOtb3^NWLr.OtEGO$M)YcHIrIW Ouµ�YcbmW Y[bLFN��K@WLOti�bGWLEG\.q`WL\.EGOtb6Ycd)WLr.O$M�F_i.O`�.Y[MºKNHIO ��WLr¥K�W
i.F�d.FNW{Ouµ�Y[bGWTY[d¨WLr�O#bLqtOtd.O¸YcM�KNHJO � ��ªTr�O#EGOtbL\_��WLbgKNEGO#K���KNEGHJO¸aXK@�[\.O#FN� � � � � �.KNd.i
K§bLM�K����(aXK��[\.O�FN� � �
 � �Î^��cO�KNi_Y[d.H¨WLF§�[F_q@K@�©\�bLO`�cOtbLb#qtFIM�h.EGOtbLbGY[FJd�FIEQi_Y���K@WGY[FJd FX��WLr.O
M�F_i.O`���VªTr_Y[b$h.r.Otd.FIM�Otd.FId§Ycb$��YcM)Y�WLO3i�UI}¨WLr�O�Ouµ�h.EGOtbLbGY[FJd
FX� �� Y�WLbLO`����² O3Z]\jK@WGY[FJd�P_¹L^
�$r.OtEGO �� WLO3d�i.bTWLF3�TKXEGi ���{r.Otd � �
 � �]Y[bTbLM�K@���,��Y�WLr
EGOtbLhVO3q`W�WLF � � � � � �

� FIdIaJOtEGbLO`��}J^X�{r.Otd�KNd�YcbLFN�¢K�WLOti�bGWLEG\.q`WL\.EGO¸Ouµ�YcbmWLb6Ycd�WLr.O¸bLqtOtd.O´YcM�KNHJO � ^]U.\_W�d�FXW
Y[dlWLr.O)M�F_i.O`��Y[MºKNHIO �j^�� �
 ���jY[bQbLM�K�����^0U.\_W#UVFNWLr � � � � ��KNd.i � �
 � �nEGOtM�K�Y[dlr_Y[HJr0^
qtEGO�K�WGY[d.H¸WLr_Y[b(WGYcM�O�d.FXWGY[qtO�KXU_�[O�qtFIM�h�EGO3b£bGYcFId�FIE(i_Y��¢K@WGYcFId���FIEGqtOtb3�NªTr_Y[b6KXbG}_M�M�O`WLEoYcq�K@�
UVOtrjKta]YcFIE6qtFJM�Otb6��EGFJM WLr.OQKNbG}_M�M�O`WLEo}�FX�0OtZ]\jK�WGY[FId�PQ�TY�WLr�EGOtbLhVOtq¯W6WLF � KNd.i �j�_ª�F
EGOtbGWLFIEGO)WLr.O�bG}_M�M�O`WLEo}J^���O�q@KNd�EGOth_�¢KXqtO �
 � �TY�WLr�WLr�OºK¯aJOtELKXHIOti�HIELKXi_Y[OtdIW�² �
 � ��
 �.¹ �Nx�^��{r�Ycqsr³HNY�aIOtbgK)d.O`� ��FJEGM�\_��K)��FIE�WLr.OpM�FNWGY[FJd �� � ½

�� � �
x_² � � � ¹L² �
 � � �
 �¥¹
² �
 � � �
 �.¹ �

²8y�¹

2$F���O`aJOtE¯^@WLr_Y[b Ouµ�h.EGOtbLbGY[FId#WLOtd.i.b(WLF��TKNEGi
�¸FId_��}#�{r�O3d � �
 � �XKXd�i
� �
 � �IKXEGO�b£MºK@���
bGY[M�\���WuKNd.OtFJ\�bG��}J� � O$M�\.bGW�WLr�O3EGO`��FIEGOQKXi.i�KpqtFJd.bmWLELK�Y[dIW WLr¥K�W�M�KN°XOtb6WLr.O¸Ouµ.h�EGO3b£bGYcFId
��FIE6WLr.O¸��FIEGq3O$WLOtd.iºWLF��TKXEGi %tO3EGF��{r�O3dºFJd.O¸FN�,WLr.O¸W8��F�HIELKNi_YcOtdIW�d.FIEGM�b�WLOtd.i.b�WLF �_^
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bLOti�WLF§HXY�aJO���KXbmWgbLFN�[\_WGYcFId.b3^nbL\.qsr�KXb¸\.bGY[d.H§r_YcOtELKNEGqur_Y[q�K��(ijK@WuK�bGWLEG\.q`WL\.EGOtb�²�WLr.O5�#�
WLEGOtOtb�Y[d�� ~�����^JWLr.O¸F_q¯WLEGOtO$bLh_��Ycd�O3b Ycd�� ~�%���¹L^_\.bmYcd.H)KXi¥KXh_WGY�aJO¸HIEoYci�b{² bLOtO � P'��¹L^�qur.F_FIbGY[d.H
WLF$h.EGF_qtOtbLb,FJd���}#K�bLM�K����JbL\�U.bLO`W�FX�_hVFXY[dIWLb ²�WLr.O�qtEGOtbGW,��Ycd.Otb�FN� � �#��¹L^�FIE0WLF{h�EGO¯�8qtFJM�h.\_WLO
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K�i�YcbGWuKNd.qtO)MºKNh�^Vb£\.qur�KNb$Ycd � rjKXM)��OtE$MºK@WLqur�Ycd.H§M�O¯WLr�F_i.b�² bLOtO � ~3P#����FIE{WLr�O¡EoY[HXY[i
q�KNbLO�¹L�,¦]FIM�Op°JY[d.ilFN�©bLOtHIM�O3dIWuK@WGYcFId
YcbQK@���TK¯}�b$EGOtZ]\_YcEGOti�Y[d
WLr.FJb£O�M�O`WLr.F_i.b3^¥�$r_Y[qur
Y[bgK)U_Y[H�h.EGFIU_�cOtM �$r.Otd¨WLEo}]Y[d.H�WLF�M�KX°NO¸WLr.O#M�O`WLr.F_i§��\_����}³KN\_WLFIMºK@WGY[qI�

4md®WLr.O�q�KXb£O�FN��i_Y[bGWuKNd.qtO�M�KNh.b3^�K
hnFNWLOtdJWGY¢K@� �jO`�[i<q�KNd<UVO�h�EGO¯�8qtFJM�h.\_WLOti�^�KNd.i
i.OtEoY�aJOti�WLF�HXY�aJO$WLr.O$��FIEGqtO3b�K@W�O�KXqsr�hnFNY[dJW�Y[d�WLr.O$Y[M�KXHIOX^I�TY�WLr¨FId_��}ºKp�[F_q@K@�jqtFIM�h�\_�
WuK@WGYcFId ² bGY[M)Y��¢KNEQWLF�K§HIELKXi_Y[OtdIW#i.OtbLqtO3dIWQWLOtqur�d_YcZ]\.OX^�bLO�KNEGqur_Y[d.H§��FJE¸�[F_q�K��(O`µ�WLEGOtM�K�¹L�
¦]FIM�O¡M�O`WLr.F_i.bt^0bL\.qsr�KXb$WLr.O)FIEoYcHNYcd¥K���b£djKX°NOtb{WLOtqsr.d_Y[Z�\�O�FN� � ~�����^0\�bLO¡i�YcEGOtq`WG��}�WLr.O
HIELKXi�YcOtdIW{WLF�Y[d.i_Y[q�K�WLOgWLr.O�i_Y[EGOtq`WGYcFId
WLF�WLr.O�q`�[FJbLOtbGW�q3FIdIWLFJ\�E{hVFXY[dIW3½�WLr.FIbLO#M�O`WLr.F_i.b
KNEGOQbGWGY�����K@WGWLELKXq`WLFIE�UjKNbLOti�^���FJEGqtOtb�UVO`Ycd.H�KNd³KNh.h.EGF3µ�Y[M�K�WGY[FJd§FX��WLr.O¸��FJEGqtOtbTU¥KXbLOti�FId
WLr.O�KXq`WL\jK@�,q¯�[FIbLOtbGWThVFXY[dIW3�

� FIEGEGO`��K@WGYcFId�WLOtqur.d�YcZ]\.Otb�KNEGO�K@�[bLF¨K@WGWLELKXq`WLFIEo�9UjKNbLOti��Vª�r.O�bGYcM�h_�[OtE¸YcM�h_�[OtM�O3dIWuK@�
WGY[FJd
Y[bQKXd�Ouµ�WLO3d�bGY�aIO¡b£O@KNEGqur�FN��WLr.O)M�FJbmW{qtFJEGEGO`�¢K�WLOti�hVFXY[dIWg��Y�WLr�Ycd�K�HNY�aIOtd�d�O¯Y[HIr_�
UVFJEGr�F_F_i��_f6KNqur�hVFXY[dIW�FX�0WLr.O¸M�F_i.O`�VYcbTK@WGWLELKNq¯WLOti�UI}�WLr.OQhVFXY[dIW�Ycd�WLr.O¸bLqtO3d�O{�$r_Y[qur
M�K�µ_Y[M)Y&%tOºWLr.O¨qtFIEGEGO¯�¢K@WGYcFId<��\�d.q`WGYcFId��6¼�FJE)KlHXY�aJOtd hVFXY[dIW � FX��WLr.O¨M�F_i.O`���j^(WLr.O
qtFIEGEGO¯�¢K@WGYcFId¨��\�d.q`WGYcFId³qtFI\_�[i³UVO�KNh.h_��YcOti
WLF�WLr.OQ�$r.FX�[O#bLqtOtd.OQY[M�KXHIOX^¥EGOtbL\_��WGYcd.H�Y[d�K
hVFXWLOtdIWGY¢K�� �¥O¯�[i�bLhVOtq¯Y �jq´WLF �V²���¹�²��{r_Y[qur�Y[b6FX�Vq3FI\.EGbLO�d.O`aJOtE6qtFJM�h.\_WLOti�Y[d�h.ELKNq¯WGY[qtO�¹L�
ª�r_Ycb�hnFNWLOtdIWGY�K@���jO`�ci�q�KXd)K��[bLF$UnO�i.OtEoY�aJOti)WLF¸HJO`W©K��[F_q@K@�]O3bmWGYcM�K@WGYcFId�FN�.WLr.O�i�YcEGOtq`WGYcFId
WLFºWLr.O¡M�FIbGWQqtFJEGEGO`�¢K�WLOtilhVFXY[dIW3^0bL\.qsr�KXb¸h.EGFIhVFJbLOti
Y[d � ~.�8^j�{r_Y[qurlq�KNdlUnO�WLr.OtEGO`��FJEGO
q`�¢KXbLbmY��jOti
KXb$K�WGWLELKNq`WLFJEo�8UjKXb£O3i0�
ªTr.O$i_Y[bGWGY[d.q`WGYcFId�UVO¯W8��OtOtd�Ycd�bGYci�OgKNd.i�FI\_WLbGY[i.OX^I�{r�Ycqsr�Ycb�KNd�OtbLbLOtdIWGY�K@�j��O�K@WL\.EGO¸FX�

WLr.Opi.OtM�FId_�8UjKXb£O3iºWLOtqur.d_Y[Z]\.OX^�Ycb$d.FNWT\.bLOti§Ycd§WLr.FIbLOQM�O`WLr.F_i.b3�

��� � ��"+* � 6"/ � ��� ,�. � � # .
��$46 ./$0"�,*#

ª�r.OtEGO³KNEGO�W9��FlM�K@eGFJE�EGO3bmWLEoYcq`WGY[FJd.b)FN�TWLr.O§M�O`WLr.F_i WLrjK@W¡��Oºh.EGFJhVFIbLOX^,�$r_Y[qur�KXEGO
bLr¥KXEGOti¨UI}�WLr�OQMºK@eGFJEoY�W8}�FX��d�FJd_�8EoYcHNY[i¨M�K�WLqsr_Y[d.H)WLO3qsr.d_Y[Z]\.Otb3�¥ªTr.O �¥EGbGW�Y[b�WLrjK@WTWLr.O
FIEoYcHNY[djK��.hVFIbGY�WGY[FId_Ycd�HQFX�VWLr.O�W8��F#FIU_eGOtq¯WLb�WLF#UVOTEGOtHNYcbGWLOtEGOti)Ycb6qtEG\.q`Y¢K��.��FIE�WLr.OTbL\�q3qtOtbLb
FN�nWLr�OTM�O`WLr.F_i�(NWLr.O�bLOtqtFJd.i�Y[b©WLr¥K�W(WLr.O�Y[dIWLOtd.bGY�WGYcOtb�FN�jW8��FQYcM�KNHJOtb(M�\.bmW UVOTbGY[M)Y��¢KNE¯�
¼.FIE¨K@WGWLELKXq`WLFIEo�9UjKNbLOti¤M�O`WLr.F_i.b3^�KNd�Ycd�Y�WGY¢K��#b£djKX°NOlh_�¢KXqtOti¤FI\_WLbGY[i.O�WLr.O�FIU_eGOtq¯W

q�KNd±qtEG\.bLr KXH]K�Y[d.bGW�Y�WLb¨FI\_WLOtE¨UVFI\.d.ijKNEo}J^6�$r.OtEGO@KNb3^ Y[d±WLr.Olq�KNbLO�FX��i.OtM�FId.b3^ WLr.O
h.\�bLr_Y[d.HQ��FIEGq3Otb��TY����¥q3FIM�hnOtd.bsK�WLO�WLFQHNY�aJOTd�F#d.FNWGYcqtO�KXU��cO�O$�0Otq¯WLb(UVO¯W8��OtOtd�WLr.OTFIU_eGOtq¯W
KNd.i»WLr.O
M�F_i�O¯��^(U.\�W§K��cF_q�K@��qtFJM�h.EGOtbLbGY[FId FIE�i_Y��¢K@WGYcFId FX�$WLr.O
M�F_i�O¯��� 1 hjKXEoWGY¢K@�
bLFN�[\_WGYcFId�WLF WLr_Y[b��cF_q�K@�{M)Y[d_YcM�K KtaIFXY[ijKNd.qtO³h.EGFIU_�[OtM Ycb�WLr¥K�W�WLr.OlEoY[HNYci_Y�W8}¤FX�QWLr.O
M�F_i.O`�©HIOtd.OtELK�����}�r.O`�[h.b¸WLF¨F3aJOtEGqtFJM�O)WLr_Y[bQbGY�WL\¥K�WGY[FJd0�0ªTr�O¡M�\_��WGY[bLq�K@�cO�KNh.h.EGF]KXqsr³Y[b
K@�cb£FºKNd.FNWLr.OtE�HIO3d�O3EoY[q¸�TKt}�WLF�K¯aJFNYciº�cF_q�K@��M)Y[d_Y[MºK_�
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ªTr.O�bLOtqtFId.i�h.EGFIU_�[O3M Y[b�M�FIEGO)W9}_h_Y[q�K���FN��YcdIWLOtEo�9M�F_ijK@��Y�W8}<EGOtHXY[bGWLELK@WGYcFId�� � r.Otd
WLr.O�EGOtbLhVFJd�bLOtbpKNqtqtFJEGi_Y[d.H�WLF§WLr.O�WGYcb£bL\.O�W9}_hVO3b�KXEGO)i_Y ��OtEGOtdIW�UnO`W8��OtO3d�WLr�O¡W8��F�KXq`�
Z]\_Y[bGY�WGYcFId³i�O¯a]Y[qtO3bt^�WLr.O#bGY[M�h_�cO¸Y[M�h_�[O3M�OtdIWuK�WGY[FId¨WLrjK@WT��OprjKtaJOph.EGOtbLOtdJWLOti
r.OtEGOQ�TY����
d.FNW�HNY�aIO<¬LHIF_F_i.­§EGO3b£\_��WLbt� 1 HIOtd.OtELK���bLFN�[\_WGYcFIdlY[b#WLF�M�KX°NO�WLr.O�Y[dIWLO3d�bGY�WGY[Otb�FN��W8��F
Y[M�KXHIOtbTbGY[M)Y��¢KXE �jEGbGW3�

�Qd.F���Ycd�H�WLr.O�qtFJEGEGOtbLhVFId.i.Otd.qtO¨UVO`W9��OtOtd¤WLr.O
W8��F i�O¯a]Y[qtO�EGOtbLhVFId.bLO���\�d.q`WGYcFId.b
M�Kt}»r.O`�ch WLF�hVOtEo��FJEGM�bL\.qsr K�qtFIEGEGOtq¯WGY[FId�^(U.\_W�HIOtd.OtELK�����} WLr.O¨qtFIEGEGOtbLhnFId.i.Otd.qtO�Y[b
d.FNW�U_Y eGOtq`WGY�aJO (6bLO`aIO3ELK@��WGY[bLbL\.Otb�rjKta]Y[d.HlWLr.O
buKNM�O�EGOtbLhnFId.bLOºYcd FId.O¨M�F_ijK@��Y�W8} KNd.i
i_Y �0O3EGOtdIW¡EGOtbLhVFId.bLOtbQY[d�WLr.O�FNWLr.OtE¯��4md®WLrjK@W¡q�KXb£OI^nY�W�q�KXd UnO�qtFIdJaIOtd_YcOtdIW�WLF�M�K@WLqur
WLr.O$W8��F)YcM�KNHJOtb�� � KXd�i�� � �TY�WLr¨KNd�YcdIWLOtEGM�Oti_Y�K@WLO#K@WG��KNb6YcM�KNHJO���^J�{r�O3EGO$WLr.O$WGY[bLbL\.OW8}_hnOtb¸KXEGO#O`aIO3Eo}]�$r.OtEGO#°]d.F��{d�² bLOtO �jHI\.EGO�zI¹L�
� Y�WLr�WLr.O
W8��F EGOtbLhVFJd�bLO¨��\�d.q`WGYcFId.b3^�Y�W�Y[b�hVFJbLbmYcU_�[O§WLF<i.OtEoY�aJO���EGFIM WLr�O®K@WG�¢KXb

W8��F�bL\.hVOtEoYcM�hVFJbsKXU_�[O#h.b£O3\�i.FX� YcM�KNHJOtb�� � KXd.i�� � ^�� � ² EGO3b£h���� � ¹�rjK¯a�Y[d.H�Y[dIWLOtd.bGY�WGYcOtbbGY[M)Y��¢KNE���Y�WLr	� � ² EGOtbLh0�
� � ¹L�
� � Ycb)M�K�WLqsr.Oti ��Y�WLr�� � KNd.i�� � Y[b�M�K@WLqur.Oti»�TY�WLr�� �KNd.i³KNb
� � KXd�i�� � KXEGO¸bL\�hnOtEoY[M�hVFIbuKXU��cOX^J��OQHJO`W�WLr.OpMºK@WLqur�Ycd.H�UVO`W9��OtOtd�� � KNd.i�� � �� rjK�W´Ycb�b£\.h.hVFJbLOti�r�O3EGO¸Y[b�WLr¥K�W���OQ°]d.F3� h.EGOtq`Y[bLO`��}��$rjK�W�FJEGH]KXd�Ycb�EGOth.EGOtbLOtdIWLOti¨Y[d
WLr.OgW9��F)Y[MºKNHIO3b¸²���FJE�Ouµ¥KNM�h��cO¸W8��F�r.O�KXi�b¯¹L^.KNd.i
K��[bLF�WLr.O#Ouµ¥KXq`WTEGOtbLhVFJd�bLO$��\.d.q`WGYcFId
FN��O�KXqsr�KNqtZ]\_YcbmY�WGY[FJd§i.O`a]YcqtOX�

response 1response 1

Object 1 Object 2Atlas

response 2response 2

Id
I1 J1 J2 I2

¼�YcHI\.EGO{z]½ � FJd_�8EoYcHNY[i¡|lK@WLqur_Y[d.H¸FX��W9��F¸Y[M�KXHIOtb©KNq3Z]\_Y[EGOti���Y�WLr�W8��FQi_Y��0OtEGOtdJW6i.O`a]YcqtOtb
WLr.EGFI\.HIr�KNd³K@WG�¢KXb
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� ��� � 8*�) &� � � * ��./����# "+- "+/ � 6"/ � ��� ,�. $4*  -�0� * � , ./� . $'"�,

�¸\�E�d.FId_�9EoY[HXY[i�M�K�WLqsr_Y[d.H�bLFX�¢W8�TKNEGOTWuKN°XOtb�W8��F��J� Y[M�KXHIOtb�KXb6Y[d.h.\_W3^VKNd.i�HIOtd.OtELK�WLOtb
KNb#FI\_WLh.\_W#O`Y�WLr.OtE#FJd�O¡Y[M�KXHIO)EGO3bsKXM�h_�[OtilWLF³UVO�bL\.hVOtEoYcM�hVFJbuKNU_�[O�WLF§WLr.O�FNWLr.OtE��J�
Y[M�KXHIOX^,FIE�K§i.OtbLqtEoYch_WGY[FId<FN��WLr.O�WLELKNd.bG��FIEGM
��¼�FJE¸WLFNWuK�����}l��EGO3O`� ��FJEGM i.O`��FIEGM�K�WGY[FJd�b3^
WLr.O�FI\_WLh.\_W�Y[b�K<�I� HIEoY[i�FX�#�I�«aIO3q`WLFIEGb3^6HNY�a�Y[d.H®��FJE�KlaIF3µ�O`�TY[d¤FJd�O�Y[MºKNHIO¨WLr.O
qtFIEGEGO3b£hnFId.i_Y[d.H �jF]K�WGY[d.HlhVFXY[dIW¡hVFJbmY�WGY[FJd Y[d WLr�O¨FNWLr.OtE�Y[M�KXHIOX��ª�FlbL\.M�M�KXEoY %tO�WLr.O
qsr.FXY[qtOtbTM�KXi�OQ��FJE WLr.OQY[M�h��cOtM�OtdJWuK@WGY[FJd
\.bLOti§Ycd§WLr.O#Ouµ�hnOtEoY[M�O3dIWLb3½

( WLr.OQWLELKNd.bG��FIEGM Ycb�WLFNWuK�����}���EGOtO`����FIEGM

( WLr.O#EGOtbuKNM�h_��Y[d.H)Y[b{K�WLEoY�� ��Y[d.O�KNE�Y[dJWLOtEGhVFX�¢K@WGYcFId

( WLr.O#i.OtM�FId���FIEGq3O¸Y[b$HXY�aJOtd
UJ}ºWLr.O#OtZ]\jK�WGY[FId³P

ªTr.OQh¥KXELKNM�O¯WLOtEGb��{r_Y[qur
q�KXd§UnOgWL\.d.Oti�KNEGO¸WLr.OQ��FN���cF���Ycd�H¥½

( ��½_WLr�O#d]\.M�UVOtE{FN��Y�WLO3ELK@WGY[FJd.b$K�W�WLr.O �jd�O3bmW{bLq�K@�cO

(�� ½´WLr.Old]\.M�UVOtE¨FN�#�[O¯aIO`�cb§FX�QWLr.O�YcM�KNHJO�hI}_ELKXM)Y[i±�$r_Ycqsr KNEGOl\.bLOti¤��FIE�WLr.O
M�\_��WGY[bLq�K��[OQqtFJM�h.\_WuK@WGY[FJd��748� � Ycb�%tOtEGF¥^�WLr.O#M�\_��WGYcbLq�K@�cOpbLqur.OtM�O¸Y[b{d.FNWT\.b£O3i0�

( � ½�WLr.O#EoY[HXY[i_Y�W9}¨FN��WLr�O#i.O`��FJEGM�KNU_�[OQM�F_i�O¯���

4md�K@���¥FJ\.E(Ouµ�hnOtEoY[M�OtdIWLb6WLF#ijK@WLOX^ � rjKXb(UVO3Otd���µ�Oti�WLFQWLr.O�buKXM�O�i.O`��KX\_��W(aXK��[\.OX^ �
Y[b6\.bLOti�UjKXbmYcq�K@����}#WLF#bLhVOtOti¡\.h�WLr�OTqtFJM�h.\�WuK�WGY[FJd¨² HIOtd.OtELK�����}���OT\.b£OTxQFIE �¸hI}_ELKXM)Y[i
�[O`aJO`�cb`¹TKNd.i ��Y[bgK�qtFIM�h�EGFJM)Y[bLO#UVO¯W8��OtOtd³WLr�O�qtFJM�h.\�WuK�WGY[FJd§WGY[M�O)KXd�i³WLr�O#�[O¯aIO`��FX�
qtFIdJaIOtEGHJOtd.qtOX� � OºHJOtd.OtELK@����}<\.bLOti»P�Y�WLOtELK@WGYcFId.b�K@W�WLr.O �jd.OtbGW�bLq�K��[OX^�U.\_W)Ycd bLFIM�O
q�KNbLOtb3^¥��O)rjKtaJO�K@�cbLF�Y[d.qtEGO�KXb£O3i�WLr�O¡d]\.M�UnOtEQFN�©Y�WLOtELK�WGY[FJd�b¸WLF�WLOtbGW¸WLr.O�O"�0Otq`WLbgFN��K
UVO`WGWLO3E�qtFJdIaJOtEGHIOtd.qtOI�

� � � � � $ * � 3��)#
� � / � ,96�� # (*$0#  -�'� � $', 3 6�� � ( $'� 6 * "�./$0"�,*#

ª�r.O�W9��F�M�K�eGFIEQi.ELKt�$UjKNqu°]b�FN�Td.FId_�9EoY[HNYci�M�K@WLqur_Y[d.HlKNEGO�aJOtEo}<EGOti.\.qtOti���FIEQY[MºKNHIO
bLOtZ]\.Otd.qtO{KNdjK@��}_bGY[b3�Iª�r.O{KNqtZ]\_YcbmY�WGY[FJd�i.O`a]Y[q3O$UVO¯Y[d.HQWLr�O{buKNM�OX^@WLr.OTY[dIWLOtd.bGY�WGYcOtb�FN�nWLr.O

ð�ð Û983:<;>=3?



xNP ���������
	��
	����

¼�YcHI\.EGO %_½ � FIEGEGO3b£hnFId.i_Y[d.H�i_Y¢KXbGWLFN��Ycq#KNd.i¨bm}�bmWLFX��YcqQbm��Y[qtOQ�TY�WLr.FI\_W{M�K@WLqur_Y[d.H¨² i.FIH�¹

bLq�KNd.d.OtilFIU_eGO3q`WQi.F§d.FXW¸aXKNEo}lM�\.qsr���EGFIM ��ELKNM�O�WLFº��ELKXM�OX^�KNd.i���FIE¸bLM�K����©M�F�aIO3bt½
WLr.O$hVFJbGY�WGY[FJd�FN�nWLr.O$FIU_eGO3q`W�Ycd�FId.O���ELKNM�OTY[b�KQHIF_F_i�Y[d_Y�WGY�K@��Y %�K�WGY[FId¡��FIE�WLr.O{d�O`µ�W�FId.OX�

4md�WLr�O �jEGbmW´Ouµ�hVO3EoY[M�OtdJW3^J��O$h.EGOtbLOtdJW�KNd�OuµjKNM�h_�[O{FN�nWLr�OgKNdjK@��}_bGY[b6FX�,K � ª bLq�KXd
FN��WLr.O�r.O�KNEoWG�9UVO�K�W#FN�TK
i.FJH.^�KXqtZ]\_Y[EGO3i®�TY�WLr�WLr.O�|lK¯}JF � ��Ycd�Ycq��#¦_S ² qtFJ\�EoWLO3bm}<FX�
�¸E¯��S´YcqsrjKXEGi S�FJU.UV¹L��ª�F³qtFId.bGY[i.OtE#Ouµ�WLEGO3M�O�qtFId.i_Y�WGYcFId.b3^���O�WLEoY[Oti bL\�q3qtOtbLbG��\�����}�WLF
M�K@WLqur�i_Y[EGO3q`WG��}�WLr.OTi_Y¢KNbGWLFX��Y[qTKXd�i�bm}�bmWLFX��Ycq$�J� YcM�KNHJOtb3� 4od��jHI\.EGO %_^N��OTh�EGO3b£O3dIW6W8��F
qtFIEGEGO3b£hnFId.i_Y[d.H
bG��Y[qtOtb�UVO¯��FIEGO�O`��KNbGWGY[q�MºK@WLqur�Ycd.H.^�KXd�i�Y[d �jHI\.EGO��_^,WLr�O�buKXM�O�bG��Y[q3Otb
K@�¢WLOtE#�J�vM�K�WLqsr_Y[d.H³KNd.i�EGOtbuKNM�h_��Y[d.H.� � Y�WLr<�I� WLF_FX�[b3^¥��O)aIO3EoY �jOti�WLr�O�Z]\jK@��Y�W8}�FX�
WLr.O´MºK@WLqur�Y[d�K@���_WLr�O�FXWLr�O3E�hjKNEoWLb�FN�.WLr.O�Y[M�KXHIOtb3�@ª�F¸HJO`W©KNd�Yci.O�K$FN�.WLr.O�bLM�F_FNWLr.d.OtbLb
FN�jWLr.O$d.FId_�9EoY[HNYci�WLELKXd�bG��FJEGM¨^N��O�KXEoWGY �jq`Y�K@����}�KXi.i�O3i�K¸EGOtHI\_��KNE(HJEoY[i)WuKXH¸WLFQWLr�O�Y[MºKNHIO
UVO`��FJEGO$i.O`��FJEGM�K@WGYcFId�² bLOtO �jHI\.EGO)~ �]¹L�]ª�r.O¸q3FIM�h.\_WuK@WGYcFId�WGY[M�OX^J��FJE6WLr�OgM�K@WLqur_Y[d.H)FX�
WLr.OgW9��F�~�� � � aIF3µ�O`�cb´YcM�KNHJOtb�Y[b{KNUVFJ\_W$y�M¡Y[d]\_WLOtb{FId³K��Qf � K��[h.rjK���FIEG°]bGWuK�WGY[FId��
¼,Y[HJ\�EGO3b ~J~©KNd.i�~�x�h�EGO3b£O3dIW,WLr.O6buKNM�O©°IY[d.i�FN�_Ouµ.hVOtEoYcM�OtdIWLb,��FIE,d�\�q¯�[O�KXE,M�Oti_Y[q`Ycd.O

� P � ¦_D6f � ª YcM�KNHJOtb�²8K�r]\.M�KXd�r�O@KNEoW¯¹L^(��Y�WLr¤K � D � WGY[M�O³FN�pKNUVFJ\_W
~¨M)Y[d�\�WLOI�
¼�YcHI\.EGO�~���Ycb$K��J� a]Y[bL\jK@��Y %�K�WGY[FJd§FX��WLr.O#buKNM�OQEGO3b£\_��WLbt�
¼.FIE0WLr.O�KNdjK���}_bGY[b�FX�_WLr�O6�{r.FN�cO6q�KNEGi_Y�KNq6bLOtZ]\.Otd.qtO$² O`Y[HJrIW©�I�»Y[MºKNHIO3b`¹L^�KNd.i�KNqtq3FIEo�

i_Y[d.H�WLF)WLr.O¸h.rI}�bmYcqtbTFN�,WLr.O#¦_D6f � ª KXqtZ]\_Y[bGY�WGYcFId�^J��OQrjKtaJOQKNi.i.Oti�W8��F)q3FId.bGWLELK@Y[dJWLbt½
WLr.O�q`}�q`��Ycq`Y�W9}
FX��WLr.O�b£O3Z]\.Otd.qtOX^��{r�Ycqsr³Y[b$YcM�hVFJb£O3i§UI}�KNd.FXWLr�O3E$bLO`W{FN��Y�WLOtELK�WGY[FId¨WuK@�
°IY[d.H�WLr.O)�$r.FX�[O�b£O3Z]\.Otd.qtO�YcdIWLF�KXqtqtFI\.dIWpKNd.ilhVO3Eo��FIEGM)Ycd�H�WLOtM�hnFIELK�� �.��WLO3EoY[d.H.^,KNd.i
WLr.O
qtFJd�bLOtEoaXK�WGY[FJd FN�{WLr�O³ELKNi_Y[F�KNq`WGY�aIO¨M�K�WGWLOtE¯� ªTr_Y[b)��KNbGW�qtFJd.bmWLELK�Y[dIWºbmWuK�WLOtb)WLrjK@W3^
�$r.Otd¨WLr.OQMp}JF_q�KNEGi_Yc\�M«qtFJdIWLELKNq¯WLbt^_WLr�O#i.Otd.bGY�W9}§FX��ELKNi_Y[F�KNq`WGY�aIOQMºK@WLOtEoY�K@�0Ycb´Ycd�q3EGO�K@�

ì ��ð,ì�î



��Õ`ä�à���â¯Û3Ücð,ÖÎñsÖ����#Õsà��8Þ�ÖÎÛ�ñ�âså
	¯í��#Ú��3Ö��GÕu×Iì�ÔTÕ`ñ¯ÚGä xIy

¼�YcHI\.EGO���½ � FJEGEGOtbLhVFId.i_Y[d.Hli_Y¢KXbGWLFN��Ycq¨KNd.i bG}_bGWLFN��Y[q¨bm��Y[qtO3b�K@�¢WLO3E��I�«M�K@WLqur_Y[d.H<KNd.i
EGOtbuKNM�h_��Y[d.H

¼,Y[HI\.EGO�~���½ 1 EoWGY��¥q¯Y¢K@����}�WuKNHJHIOti�Y[MºKNHIO¸WLF�b£r.F�� WLr.O#i.O`��FIEGMºK@WGY[FJd

bLOti�^NKNd.iQWLr]\.b�WLr.O�qtFJEGEGOtbLhVFJd�i_Ycd�HTY[M�KXHIO(YcdIWLOtd.bGY�W9}QY[b�Otd.r¥KXd.qtOti��3ªTr_Y[b�q�KNd#UVO�O@KNbLO`��}
M�F_i.O`�[O3i®�TY�WLr_Y[d<WLr.O�i�O3M�FId.b�i�O3bmYcHId�^�UI}<M�\_��WGY[h_��}]Y[d.H��j²�� ��¹QUI}�WLr.O��IKNq3FIU_Y¢KXd FX�
WLr.O$WLELKNd.bG��FIEGM¨^]�$r_Ycqsr¨EGOth.EGOtbLOtdIWLb�WLr.O$�[F_q@K@�jaXKNEoY¢K�WGY[FJdºFX�,WLr.O¸i.Otd.bmY�W8}J� 1 d¨KNh.h.EGF3µ�Y��
M�K@WGYcFId¤FN�gWLr�O��IKNq3FIU_Y¢KXd Ycb�WLF»\.bLO
WLr.O�ELK@WGYcF»FX�#KNd¤O`�cOtM�OtdIWuKXEo} aJFN�[\.M�O�UVO`��FJEGO
KNd.i¨K@�¢WLOtE©WLELKNd.bG��FIEGM¨^]�$r_Y[qur�Y[b�O�KXbG})WLF)q3FIM�h.\_WLO��{r.Otd���O¸rjK¯aJO$WLr.O¸i_Y[bLh_�¢KXqtOtM�O3dIW

ð�ð Û983:<;>=3?



x � ���������
	��
	����

¼�YcHI\.EGO ~I~I½ � FJEGEGOtbLhVFJd�i_Ycd�H i�Y�KNbGWLFN��Y[q«KXd�i�bG}_bGWLFN��Y[q«bG��Y[q3O ��Y�WLr�FJ\_WvM�K�WLqsr_Ycd�H
²o¦_D6f � ªQ^·r]\.M�KNdn¹

¼�YcHI\.EGO�~�x_½ � FIEGEGO3b£hnFId.i_Y[d.H�i_Y¢KXbGWLFN��Ycq¨KNd.i»bG}_bGWLFN��Y[q�bG��YcqtO
K��¢WLOtE¡�I�«M�K@WLqur_Y[d.H�KNd.i
EGOtbuKNM�h_��Y[d.H¨²o¦_D6f � ªQ^·r]\.M�KNdn¹

aIO3q`WLFIETK@W�O@KNqurºd.F_i.O¸FX�,WLr�OQHJEoY[i���ªTr.OQKNdjK@��}_bGY[b�FX�,WLr�O¸�{r.FN�cO¸bLOtZ]\.Otd.qtO¸WuKN°XOtb�FId_��}
KNUnFI\_W#~��)M)Ycd]\_WLOtb3�
ª�F)qtFJd.q`�[\.i.OX^���OQrjKtaIO�KNd³KN\_WLFJM�K@WGYcqX^���KNbGW{K@�cHIFJEoY�WLr.M WLF�OtbGWGY[MºK@WLO�K)i.O`��FIEGMºK@�

WGY[FJd �jO`�ci§UnO`W8��O3Otdº��ELKXM�Otb6Ycd
�J� Y[M�KXHIO¸bLOtZ�\�O3d�q3Otb3^J�{r�Ycqsr�i.F_Otb�d.FNW�d.OtqtO3b£bGY�WuK@WLO¸K
bLOtHIM�O3dIWuK@WGYcFIdlFN� WLr�O�FIU_eGOtq`W3^V�{r�YcqsrlYcbpO3b£hnOtq`Y�K@����}
��FJEoWL\�djK�WLO���FIE�¦_D6f � ª Y[M�KXHIOtb3�
1 HIF_F_i�hVFXY[dIWTY[b�WLrjK@WTWLr.Oph.rI}�bmYcqtb$FX��d]\.q`�[O�KXE�M�Oti_Y[q`Ycd�O�KXqtZ]\_Y[bGY�WGYcFId¨q�KNd¨UVOQO@KNbGY���}

ì ��ð,ì�î



��Õ`ä�à���â¯Û3Ücð,ÖÎñsÖ����#Õsà��8Þ�ÖÎÛ�ñ�âså
	¯í��#Ú��3Ö��GÕu×Iì�ÔTÕ`ñ¯ÚGä x]z

¼�YcHI\.EGO ~@�_½6�I�«a]Y[bL\jK@��Y %�K�WGY[FJd»FN�{WLr.Ol¦_D6f � ª Y[M�KXHIO¨FN�$WLr.O³r�O@KNEoW3��S´Y[HJrIW)Ycb�WLr.O
i_Y¢KNbGWLFX�[OX^0M)Y[i.i_�[O¡Y[bQWLr.O�bG}_bGWLFN�[OI^j�cO`�¢WQY[b¸WLr.O�bL\.Eo��KNqtO�FN�6WLr.O�i_Y¢KXbGWLFN�[O¡i.O`��FIEGM�O3ilUI}
WLr.O��I�»aJOtq`WLFIE �jO`�ci)KXd�i�bL\.hVOtEoYcM�hVFJb£O3igWLFTWLr.O�bm}�bmWLFX�[OX^�bLr�F��TY[d.H¸KTHIF_F_i �.W�UVO`W9��OtOtd
WLr.OgW9��F�bL\�Eo��KXqtOtb3�

WuKN°XOtd�Y[dIWLFlKXqtqtFJ\�dJWQY[d�FI\.EQbLqsr.OtM�OX��ªTr�O�qsrjK@���[Otd.HJO�d.F3��Y[bQWLF�O`µ�WLELKNq`WQ��EGFJM WLr_Y[b
P]� �jF����¥O¯�[ilWLr.O�h¥KXELKNM�O¯WLOtEGb¸WLrjK@W�h.EGOtq`Y[bLO`��}lqur¥KXELKNq`WLO3EoY %tO�K�hjK@WLr.FN�cFIHX}J^nbL\.qur KXb
K�EoY[bL°
FX��Ycd���KXEGq`WGY[FJd�^j�{r_Y[qur
Y[b¸FJd.O�FX�6FI\.E{qt\.EGEGOtdIW#bGWL\.i�YcOtb3�0¼�FJE�WLrjK@WQh.\.EGhVFJbLOX^¥��O
rjK¯aJO�bGWuKNEoWLOti�WLFlKNh.h_��}�M�F_i¥K���i.OtqtFJM�hVFJbmY�WGY[FJd�WLO3qsr.d_Y[Z]\.Otb3^�bL\.qsr KNb�i.OtbLqtEoY[UnOti�Y[d
� ~@y �8�

� ��� �
,�./���01���� ./$'� , . * � .06 8*$0,93

1 WLFXWuK@����}³i�Y��0OtEGO3dIW¸h.EGFIU_�cOtM Ycb$Y[dJWLOtEo�8hjK�WGY[OtdIWpEGOtHNYcbmWLELK�WGY[FJd0�749W¸WLF_FI°�M�FJEGOpWLrjKXd»~��
r.FI\.EGb�UJ}»K³b£°JY����cOti»bLhnOtq`Y¢K���YcbmW3^0��Y�WLr»\.h WLF�i¥K�WLO�Y[dIWLO3ELKNq`WGY�aIO�HIELKXh.r�Ycq�WLOtqur�d_YcZ]\.Otb3^
KNd.i¨�I� YcM�KNHJO$h.EGF_qtOtbLbGY[d.H#WLF_FN�[b�bL\.qsr¨KXb�M�K@WLr.OtM�K�WGY[q�K��0M�FJEGh.r�FX�[FJHN}J^]WLF��¢KXUVO`�nWLr.O
aIF3µ�O¯�[b)FX��WLr.O§|lS Y[M�KXHIO�FX�$K¨r]\.M�KNd U.ELK@Y[d ² bLOtO �jHI\.EGO�~tP¥^�K
xJy � � xJy � � ~@xI�
aIF3µ�O¯�[b�YcM�KNHJO�¹L�

ð�ð Û983:<;>=3?



x�% ���������
	��
	����

¼�YcHI\.EGO§~3P.½ 1 �I� i_Ycb£h_��K¯}�FN�©WLr�O¡bLOtHIM�O3dIWLOti
YcM�KNHJO�FX�(WLr.O)U.ELK@Ycd�^nqtFJ\.EoWLOtbG}�FN�´�¸E
S�FJd �¸Y[°JY[d_Y[b3^VKNd.i¨EGOtd.i.OtEGOti�UI} �¸OtELKXEGil¦]\.U�bLFX���

1 b�i.F,%3Otd.b�FN�#bL\.qsr¤�¢KXUVO`�cOti�Y[M�KXHIOtb�KXEGO�d.OtOti.Oti¤WLF»U.\_Y��[i K q3F]KNEGbLO³d]\.M�OtEoY��
q�K@�gK@WG��KNb3^�KNb�O�KXqsr YcM�KNHJO
bGWGY����$d.OtO3i�b�WLF UVO³h�\_W�YcdIWLF q3FIEGEGOtbLhVFJd.i�O3d�q3O§�TY�WLr�WLr.O
FNWLr.OtE�q�KXbLOtb6WLF�O3bmWGYcM�K@WLO{aXKNEoY¢KXU_Y���Y�W8}�M�O@KNbL\.EGOtb3^�KXd�i¨KXb6WLr�O3EGO$Y[bTK@�cbLF�K�d.OtOti�WLF�h.\_W

ì ��ð,ì�î



��Õ`ä�à���â¯Û3Ücð,ÖÎñsÖ����#Õsà��8Þ�ÖÎÛ�ñ�âså
	¯í��#Ú��3Ö��GÕu×Iì�ÔTÕ`ñ¯ÚGä xI�

KNdI}�hjK�WGY[OtdIWQYcdIWLF�qtFJEGEGOtbLhVFJd�i.Otd.qtO���Y�WLr®WLr.O��jdjK@�´K@WG��KNb¸��FIEQi_Y�KNHId.FJbmYcbQFIEQbL\.EGHNYcq�K@�
h_�¢KNd_Ycd�H³h.\�EGhnFIbLOtb3^�FJd.O�M)Y[HJrIW#O�KXbmY���}l\.d.i.OtEGbGWuKNd.i�WLr�O�bGWLELK�WLOtHNYcq)Y[M�hnFIEoWuKXd�q3O�FN��K
��\_����}¨KX\_WLFIM�K�WGY[qX^]WLFNWuK@����}���EGOtO¯� ��FJEGM O`�¢KXbGWGY[q¸M�K�WLqsr_Ycd�H¡M�O`WLr.F_i�^�O`aJOtd�Y���KNdjK�WLFIM)Ycq�K@�
M�K@WLqur_Y[d.H�Y[bTd.FNWgK���O`����i�O"�¥d.Oti³h.EGFIU_�[OtM
�

¼�YcHI\.EGO ~@y_½ � FIEGEGOtbLhVFJd.i�Ycd.H�|lS bG��Y[qtOtb�FN�$W9��F�i�Y��0OtEGO3dIW�hjK@WGY[O3dIWLb3^��TY�WLr.FJ\�WºM�K@WG�
qsr_Ycd�H¥^���Y�WLr
qtFJEGEGOtbLhVFJd�i_Ycd�H�hVFNYcdIWLbp²8KNEGEGF��$b¯¹

4md �jHI\.EGO
~@y_^0��O�h.EGOtbLOtdIW�qtFIEGEGO3b£hnFId.i_Y[d.H¨bm��Y[qtO3bt^,Ouµ�WLELKXq`WLOti���EGFIM W9��Fl�I� |lS
bLq�KNd.b�FN�,W9��F�i_Y ��OtEGOtdIWThjK@WGYcOtdIWLb3^J�TY�WLr.FI\_WTM�K�WLqsr_Y[d.H¥� � FJEGEGOtbLhVFJd�i_Ycd�H�hVFXY[dIWLb3^_M�KNEo�
°NO3i ��Y�WLr�KNEGEGF��{bt^�bLr.F�� WLr.O§HJOtFIM�O¯WLEoY[q�K���i�Y��0OtEGO3d�q3Otb�UVO¯W8��OtOtd WLr�O¨W8��F�hjK@WGYcOtdIWLb
² d.FNWLO���FIE#Ouµ¥KXM�h_�[O�WLr.O�i_Y ��OtEGOtd.qtO�Y[d<bLr¥KXhVO�FX��WLr�O�aJOtdIWLEoYcq`�[Otb3^�FJEgWLrjK�W�WLr.O�EoY[HJrIW
hjK@WGY[O3dIW�rjKNb�K�M�\.qsr�bLM�K����cOtE)r.O�KXi»WLrjKNd»WLr.O§�cO`�¢W�FJd.O�¹L�6¼�YcHI\.EGO ~ � h�EGO3b£O3dIWLb�WLr.O
buKNM�O�bG��YcqtOtb¡K@�¢WLOtE¡�I� O`��KNbGWGY[q�MºK@WLqur�Ycd.HlKNd.i»EGO3bsKXM�h_��Ycd�H¥��ªTr�O�YcM�KNHJOtb�KNEGO�bLF�bGY��
M)Y���KNE$WLrjK�W$Y�WgY[b¸rjKNEGi³WLFºWLO`����Y��(WLr.OtbLO�KNEGO#W8��F�Y[M�KXHIOtb{FN�©WLr�O¡buKNM�O#hjK@WGYcOtdIW3^0FIE¸FX�
W8��F�i_Y ��OtEGOtdIWgh¥K�WGY[OtdJWLbt^Vr.F���O`aJOtE¯^¥WLr�O�\.d.i�O3Eo��}]Ycd�H�i.O`��FJEGM�K@WGYcFId§Ycb$ELK�WLr�O3E$bLM�F_FNWLr��
ª�r_Ycb�M�O@KNd.b´WLrjK�W3^¥K@��WLr�FJ\.HIr�WLr�O#U.ELK@Ycd§MºK¯}�h.EGOtbLOtdJW���KNEGHIOQHJOtFIM�O`WLEoY[q�K��VaXKXEoY¢K@WGYcFId.b
UVO`W9��OtOtd)Ycd.i�Y�a]Y[i.\jK@�cb3^@WLr�O�M�KXqtEGFIbLqtFJh_Y[q6WLFIhnFN�cFIHNYcq�K@��bGWLEG\�q¯WL\�EGO3b6KNEGO�M�FJbGWG��}�bGY[M)Y��¢KNE¯�

4md���KNq¯W3^@WLr�FJbLO´EGO3b£\_��WLb6KNEGO�Z�\¥K���Y�WuK@WGY�aJO`��}�aJOtEo}¡bmYcM)Y���KNE���Y�WLr)WLr.O�EGOtbL\���WLb(FX�VO`��KNbGWGY[q
M�K@WLqur_Y[d.H§WLO3qsr.d_Y[Z]\.Otb3^,h�EGO3b£O3dIWLOtilY[d � ~.�©FIE � � ��� � rjK�W¸Y[bQFJEoY[HNYcdjK@��r.OtEGO)Y[b¸WLrjK�WQ��O
KNqur_Y[O`aJOti�WLr.FIbLO$EGOtbL\_��WLb6�TY�WLr�FJd���}�x �QM)Ycd]\_WLOtb � D � WGY[M�O{FId¨K#qtFIdIaJOtdIWGYcFIdjK@���Qf �

ð�ð Û983:<;>=3?



� � ���������
	��
	����

¼�YcHI\.EGO�~ � ½ � FIEGEGOtbLhnFId.i_Y[d.H�|lS�bm��Y[qtO3bpFX��WLr.O�W8��F�i_Y ��OtEGOtdIW¡hjK@WGYcOtdIWLb3^�K@�¢WLO3EQM�K@WG�
qsr_Ycd�H¥^���Y�WLr
qtFJEGEGOtbLhVFJd�i_Ycd�H�hVFNYcdIWLbp²8KNEGEGF��$b¯¹

1 �[h.rjK§��FJEG°]bGWuK@WGY[FJd�^�WLrjK@W�Y[b3^�FId.O�FJEgW9��F�FIEGi.OtE�FN�TM�KXHId_Y�WL\.i.O���KNbGWLOtEQWLrjKNd��{r¥K�W
�TKNb�h.EGO`a]YcFI\.bG��}�EGOthnFIEoWLOti�² O`aJOtd¨M�FIEGO$Y���qtFIM�hjKXEGOti���Y�WLr§��r.FI\.EGb�FN��K)| 1 ¦�D 1 S¸¹L�
�$�¸qtFJ\�EGbLOX^�Z�\¥K���Y�WuK@WGY�aJO¨bmYcM)Y���KNEoY�WGY[Otb�i.F_Otb¡d.FNW�M�O�KNd Z�\¥KXdIWGY�WuK�WGY�aJO
FJd�O3bt^(KXd.i»WLr.O
M�O`WLr.F_i.b#h�EGO3b£O3dIWLOtilY[d � ~��6FJE5� � �6M)YcHIrIW#HXY�aJO�UVO`WGWLO3EpEGO3b£\_��WLbgWLrjKXd®FJ\.EGb (0r.F���O`aIO3E¯^
bL\�qur¤K�Z]\jKNdIWGY�WuK@WGY�aJO�qtFJM�hjKNEoYcb£FJd»Y[b�r¥KXEGi WLF hnOtEo��FIEGM
^©UnOtq�KN\.bLO���O
bGWGY����$d.OtOti¤K
M�\.qur�q`�[O@KNEGOtE�i.O$�jd�Y�WGY[FJd FN�gd�FJd_�8EoYcHNY[i M�K@WLqur_Y[d.HlWLFlUVO³KNU_�[O�WLF�i.OtEoY�aJO³KNdI}<W8}_hnO
FN�©Z]\jK@��Y�W8}³M�O�KXbL\�EGOQFX��WLr.O#M�K�WLqsr.Otb3� 1 �jEGbmW{bGWLOth§Ycd§WLrjK@W{i_Y[EGOtq¯WGY[FId�q�KNd¨UVOQ��FI\.d.i
Y[d � ~J~A�8^ �{r�O3EGO
�$rjK�W�Y[b�h.EGFIhnFIbLOti Y[b�WLF M�O�KNbL\.EGO§WLr.OlhnOtEGqtOtdIWuKXHIO³FN�QF�aJOtEo�¢KXh FX�
M�KNd�\¥K�����}§bLOtHJM�OtdIWLO3i§bGWLEG\.q`WL\.EGOtb¸UnO`��FIEGO#KXd�i³K@�¢WLO3E�M�K�WLqsr_Ycd�H¥�
� O
rjKtaIO�bmWuKXEoWLOti¤K�Z]\jKNdIWGY�WuK@WGY�aJOlO`aXK��[\jK@WGYcFId¤FN�QFJ\.E�M�K@WLqur_Y[d.H �TY�WLr¤bGY[M¡Y��¢KXE

WLF_FN�cbt� 1 �cFId.HQ��Y�WLr�WLr.O¸EoYcHIrIW�hjK�WGY[OtdIWT|lS�Y[MºKNHIO � � ^J��O{HIO`WTK#qtFJM�h_�[O`WLO{b£O3HIM�OtdJWuK@�WGY[FJd�� � FN��WLr.O#U�ELK�Y[d®² qtFI\.EoWLOtbG}¨FN�©�¸E �¸Y[°IYcd_Y[b3^���EoY[HJr¥KXM«KNd.i � FIM�Otd�¶ b 2$FIbLh_Y�WuK���^
��FIbGWLFIdn¹L� �{bmYcd.HºWLr.O�buKNM�O¡i.O`��FIEGM�K�WGY[FJd �jO`�ci<KNb#FIU_WuK@Ycd.Oti�UVO`W9��OtOtdlWLr.O�W8��F�|lS
Y[M�KXHIOtb3^���O�i.O`��FIEGM�O3i�� � YcdIWLF�� �

^VUI}
\.bGY[d.H�WLr.O�i�O¯��FIEGM�K�WGY[FId � ��� �
�
² FId.O#bG��Y[q3O

Y[b�h.EGOtbLOtdIWLOti��jHI\.EGO�~�z¸��FIE{² � � � � � ¹6KXd�i³² � � � � �
¹G¹L^]�$r_Ycqsr�Y[b�WLr.OQKXqsr_Y[O¯aIOtM�OtdIW�FN��KNd

KN\_WLFIMºK@WGY[q¸��KNUnO`��Ycd�H�FN�©K��I� YcM�KNHJOX�

ì ��ð,ì�î



��Õ`ä�à���â¯Û3Ücð,ÖÎñsÖ����#Õsà��8Þ�ÖÎÛ�ñ�âså
	¯í��#Ú��3Ö��GÕu×Iì�ÔTÕ`ñ¯ÚGä ��~

¼�YcHI\.EGO�~�z]½ �$h �cO`�¢W3^ �¥EGbGW¡hjK@WGY[O3dIW¨² � � ¹L^(\.h»EoYcHIrIW3^�WLr.O§q3FIEGEGOtbLhVFJd.i�Ycd.H�bLOtHIM�O3dIWLOtiY[M�KXHIO{² � � ¹L^Ni.F��$d��[O`�¢W´² � � ¹,b£O3qtFId.i#hjK@WGY[O3dIW3^]KNd.i�i.F��{d�EoYcHIrIW�WLr.O´bLOtHJM�OtdIWLO3i�Y[MºKNHIO
� � i.O`��FJEGM�Oti¨Y[dIWLF � �

�TY�WLr§WLr.OQWLELKNd.bG��FIEGM � � � �
�

� O¸WLr.Otd�hVO3Eo��FIEGM�Oti¨WLr.O�M�K�WLqsr_Ycd�H�WLr.O�FNWLr.OtE��TKt}
EGFJ\�d.i�^�WLELKNd.bG��FIEGM¡Y[d.H�UjKNqu°
WLr.O§bLOtHJM�OtdIWLOti<Y[M�KXHIO��

�
Y[dIWLF<K�bLOtHIM�OtdIWLOti<Y[M�KXHIO � � � ^(\.bmYcd.H�WLr�O�i.O`��FJEGM�K@WGYcFId

ð�ð Û983:<;>=3?



�Ix ���������
	��
	����

�
� �

� � � � �� bLr.FI\_�[i#UnO�Ouµ¥KNq¯WG��}#bL\.hVOtEoYcM�hVFJbsKXU_�[O(WLF
� � ^3Y��.WLr.O�M�K@WLqur_Y[d.H$�TKXb�hnOtEo��Otq`W3�4od�WuKNU_�cOp~#%{��O{h.EGOtbLOtdIW�WLr.O$hnOtEGqtOtdIWuKXHIOTFN��hVFNYcdIWLb�rjKta]Y[d.H¡Kgi_Y��0OtEGOtdJW��¢KNUnO`�.Y[d�UnFNWLr
Y[M�KXHIOtb)²8KºbG��YcqtO)FX� � � KXd�i � � � Y[bQh.EGOtbLOtdIWLOtilYcd �¥HJ\.EGO§~���¹L�nªTr.O)bGWuK@WGYcbGWGY[qtb¸��FJE$WLr.Oi_Y �0O3EGOtdIW�bGWLEG\.q`WL\.EGOtb6FX�¥WLr.OTU�ELK�Y[d�^IUVO`W9��OtOtd � � KNd.i � �

^IEGO �jOtq`W©WLr.O�i.O`��FJEGM�K@WGYcFId)FJE
M)Y[bG�mK@��Y[HId.M�O3dIW�UVO`W9��OtOtd�WLr.O¸W8��F�hjK@WGYcOtdIWLb3��ªTr.OQEGOtbL\_��WLb���FIE6WLr.OQqtFIM�h¥KXEoY[bLFId�FX� � �KNd.i�� � � bLr�FJ\_�[i
UnOQY[i.O�K@����} ��� FX�(i_Y ��OtEGOtd.qtOtb3^¥U.\_W$Ycb¸KNUnFI\_WgxIy��v��FJE´WLr.O#Ouµ�WLOtEGdjK��bGWLEG\�q¯WL\�EGO3b´FX�0WLr.O¸U.ELK@Ycd0^.KNd.i�i.F3�{d�WLF�KXUVFJ\�Wg~���� ��FIE6YcdIWLOtEGdjK@��bGWLEG\�q¯WL\�EGO3b´bL\.qur§KXb
WLr.O�KNM#}_HIijK��¢K�FIETWLr�O�r�Ych.hVF_q�KXM�h.\�b3� � FXWLO�WLrjK@WQMºKNdI}�FN�6WLr.FIbLO�bGWLEG\�q¯WL\�EGO3bt^,bL\�qur
KNb#WLr.Oºi_Y��0OtEGOtdJW�HN}�EoY�^�q�KXd.d�FXW)UnO�i_Y[bGWGY[d.HI\_Ycb£r.Oti UI}�WLr.O`Y[E#Y[M�KXHIO�YcdIWLOtd.bGY�WGY[O3bt^�U.\_W
FId_��}¨UI}�WLr.O`YcE$EGO`��K@WGY�aJO#hVFJbmY�WGY[FJd�Ycd.H.^��{r_Y[qur
Ouµ�h_��K@Y[d.bThjKNEoWG��}¨�{rI}�WLr�FJbLOQEGOtbL\���WLb¸KXEGO
d.FNW{q`�[FJb£O3E WLF %tOtEGF.�

4md WLr.O���\_WL\�EGOI^´��O®r.FJhVO�WLF»YcM�h.EGF3aJOlWLr.O KX\_WLFIM�K�WGY[q��¢KXUVO`��Y[d.H �TY�WLr K»M�FJEGO
�[F_q�K���^ �jdjK@��h¥KXbLb´FX��b£O3HIM�OtdJWuK@WGY[FJd�^�WuKN°IYcd.H�WLr�O¸WGYcbLb£\.OQW8}�hVOtb�Y[dIWLF�KXqtqtFJ\�dJW3^�bL\�qur�KXb
h.EGOtbLOtdIWLOti�UJ} � O`���[bTO`W¸K��0Y[d �çx � �8� � O¸YcdIWLOtd.ilK@�cbLF)WLF�qtFJM�hjKNEGO¸WLr.O)KX\_WLFIM�K�WGY[q�K�����}
�¢KXUVO`�cOti�Y[M�KXHIOtb©��Y�WLrºbLO`aJOtELK��¥YcM�KNHJOtb6bLOtHIM�OtdIWLOti�M�KXd]\jK@����}�KXd.i�Y[d.i.OthVOtd.i.OtdIWG��}J^JWLF
HIO`WgK)UnO`WGWLOtETO`aXK@�c\¥K�WGY[FJd
FN��FJ\�E�M�O¯WLr�F_i��

� � 	�
��¸% ���(��	�


4od#WLr_Y[b�h¥KXhVOtE¯^���O6rjK¯aJO�h.EGOtbLOtdIWLOti¡K�aJOtEo}Q��KNbGW�K��[HIFJEoY�WLr.M WLF¸hnOtEo��FIEGM KX\_WLFIM�K�WGY[q�K�����}
WLr.O¸d.FId_�8EoYcHNYci�M�K@WLqur_Y[d.H)FX�,�J� M�Oti_Y[q@K@�jY[M�KXHIOtb3� � OTrjKtaIO¸i.O`a�Y[bLOti�FI\.E6M�O`WLr.F_i�UI}
Y[i.OtdIWGY��¢}]Y[d.H�KXd FJEoY[HNYcdjK@��i_Y[bGWGYcd�q¯WGY[FId<UVO¯W8��OtOtd K@WGWLELKXq`WLFIEo�9UjKNbLOti<KNd.i<i�O3M�FId_�9U¥KXbLOti
i.O`��FIEGM�KXU_�[O¸M�F_i.O`�nWLOtqur�d_YcZ]\.OtbQ² FJ\.EGb´UnO`Y[d.H¡i�O3M�FId_�9U¥KXbLOtin¹L� � O$Y[dJWLOtd.iºWLF¡Ouµ�h_�[FJEGO
d.F3� WLr�O#qtFX����KNUVFJELK@WGYcFId�UVO`W9��OtOtd¨��O�K@WL\.EGOQUjKNbLOti³KNd.i§YcdIWLOtd.bGY�W9}
UjKNbLOti¨M�K�WLqsr_Y[d.H)WLF
HNY�aIOtd±K�UVO`WGWLO3E�KNdjK@WLFJM)Y[q�K���eG\�bGWGY��¥q@K@WGY[FJd�FN�Qd.FJd��9EoY[HXY[i MºK@WLqur�Ycd.H Y[d WLr.O�q@KNbLO
FX�
Y[dIWLO3Eo�8hjK@WGYcOtdIWgEGOtHNYcbmWLELK�WGY[FJd0�

� ����
l	 � %�"#�l� ' "#
º�

4��TY[bLr§WLF�WLrjKNd.° � Y[qur.FN��KNb 1 }]KXqsr.OX^V|
YcqsrjKXO`� ��ELKNi_}J^0|�FIEoWLOtd ��EGF � Y[O`�cbLOtd�^ � �O`�
E�!FIM�O��¸O3q`�[OtEGqu°j^ � �OtELKXEGi ¦]\.U.bLFN��^��#Kta]Y[O3E§D�Otd.d.OtqX^$KXd�i�WLr.O�f(h_Y[ijKX\�EGOlhnOtFIh_�cO�Y[d
HIOtd.OtELK��¥��FJE6bGWGY[M�\_�¢K@WGYcd.H)i_Y[bLqt\.bLbGY[FId.b�KXd.i�b£hnOtq`Y��¥q{qtFIM�M�OtdIWLb�KXUVFI\_W6WLr.O$Yci.O�KNb�h.EGO`�
bLOtdIWLOti)Ycd�WLr_Y[b6hjKNhnOtE¯�ID�KNEoW�FX�¥WLr_Y[b�bGWL\.i_})rjKXb(UVO3Otd�bL\.h�hnFIEoWLOti�UI})WLr.O{f(bLh�EoY�W ��KNbGY[q
S�OtbLO�KXEGqsr 1 q`WGY[FJd���4	� 1 ^]KXd�iºKNd�f�µ_WLOtEGdjK@�0EGO3b£O@KNEGqur�h.EGFIHIELKXM �TY�WLr��$YcHNY�WuK@�jf(Z]\_Ych��

ì ��ð,ì�î



��Õ`ä�à���â¯Û3Ücð,ÖÎñsÖ����#Õsà��8Þ�ÖÎÛ�ñ�âså
	¯í��#Ú��3Ö��GÕu×Iì�ÔTÕ`ñ¯ÚGä �I�

���������
	��
�
�����
����� ��������� ��� � � ��������� ��� � � � �
���! "��� ��� � � �
���! "�#� ��� � � �$% &�'����()���
�����+*,���'�.- /10"23054 687823694
: ����;<()���
�����+*,���'�.- =8>"23?54 7!@"23@94
AB���"�
�
�������C	D*,������- >87823>54 7!0"23@94

EF�����"�&(G*IH!�&��;<��������- J1J"23054 6!=K2L7M4
NO�&�
28�.��H!�P�Q���R�!;"�
�S	 J16"23654 6!=K23>94 >10"2T094 61?"2U=V4
WX��YZ2P����H!�P�����Z�!;"�
�S	 J10"23?54 0![K23?94 @![K2T?94 61@"2TJ94
\ �&]^2P����H!�"�����^�!;P�
��	 @1J"23J54 087823/94 @1>"2TJ94 61>"2T@94
N_�S	����������QH!�
����` ?![K23?54 6![K23@94 >1J"2T@94 616"2T>94
a �'���!�&�������b�!;"�
�S	 >1?"2c[<4 616"23>94 @![K2T694 7!>"2d7M4
e �
f&�������Z�QH!�g����` >10"23?54 616"2c=V4 @16"2T094 7!J"2TJ94
a ���P�
�Q���R�!;"�
�S	 >1?"23054 0!=K2c=V4 @![K2T?94 01?"2d7M4

hi��(9]ZH!�����j��H!fZ�k�!����; @10"23@54 616"2c[V4 /1/"2TJ94 610"2T?94
\ �&]l����(9]ZH!�����j�!;"�
�S	 ?16"2L7m4 6![K23J94 J16"2T?94 61@"2T@94

En������ &��]&]ZHP����(9]j���Z�!;P�
��	 >1?"23J54 7!J"23@94 01/"2d7M4 7!J"2T?94
o���]&]ZHP����(9]&�S	 >1>"23654 @"2c=V4 =8?"2U[V4 7!6"2T094
p (m;q�1YS���.� >1/"23>54 @"23>94 61?"2T?94 /"2T>94

a ���SYS�����r�P����������	 ?1?"23054 7�[K2c=V4 @1J"2U[V4 7!6"2d7M4
Ei������(V��� J1>"23054 @"23?94 =8@"2T094 /"2T/94

: ��H!f&��	s]j�������!YK�S	 J10"23@54 717823J94 >!=K2T094 7!J"2T694
ht j���.��(u�S	 010"23654 /"23@94 /!=K2T694 =K2T?94

¼�YcHI\.EGO�~�%�½�D�OtEGqtOtdJWuKNHIOQFX�,WLr.OQhVFNYcdIWLb�WLr¥K�WTi�F¡d.FNWTqtFIEGEGO3b£hnFId.i�WLF)WLr.OQbuKNM�O¸bGWLEG\.q`�
WL\.EGOX^�i_Y[EGOtq¯WG��}<UVO`W9��OtOtd�WLr.O�W8��F�hjK@WGYcOtdIWLb � � KNd.i � � ² � � � � �

¹L^�KNd.i���FIE¸WLr.O�buKNM�O
hjK@WGY[O3dIW � � ^VK��¢WLOtE�WLELKNd.bG��FIEGM�K�WGY[FId�Y[dJWLF � � KXd.i
UjKNqu°�Y[dIWLF � � ² � � � � � � ¹

M�OtdIW3�_�¸E©S�FId �¸Y[°IYcd�Ycb6FN�jWLr.O ��EoYcHIrjKNM�KNd.i � FIM�Otd�¶ b 2$FIbLh_Y�WuK���^ 2¸KXEoaXKNEGi�|�Oti_Ycq�K@�
¦]qsr.F_FN�8^���FIbGWLFId³i.OtbLOtEoaIO3b�bLhVO3q`Y¢K��0WLrjKNd.°]b$��FJE WLr.O#FIEoYcHNYcd¥K���KNd.i¨b£O3HIM�OtdJWLOti§YcM�KNHJOtb
FN��WLr.O#U�ELK�Y[d��

ð�ð Û983:<;>=3?



�NP ���������
	��
	����

¼�YcHI\.EGO�~���½ #,O`�¢W Y[b�WLr.O¸FIEoYcHNY[djK��VbLOtHJM�OtdIWuK�WGY[FId�� � �_ª�r_Y[b�bLOtHJM�OtdIWuK�WGY[FId�Ycb�WLELKNd.bG��FIEo�M�Oti�Y[dIWLF �
�
\.bmYcd.H � � � �

�
KNd.i�UjKNqu°
Y[dJWLF � � � ^�\.bGY[d.H � � � � � � � � � Y[bQWLr.O�EoY[HJrIWY[M�KXHIOX�

ì ��ð,ì�î



��Õ`ä�à���â¯Û3Ücð,ÖÎñsÖ����#Õsà��8Þ�ÖÎÛ�ñ�âså
	¯í��#Ú��3Ö��GÕu×Iì�ÔTÕ`ñ¯ÚGä �Iy

� "Q��" ��"#
®�{"#�

� ~.��S ��K@eGqtbG}<KXd�i ¦¥� �QF�aXKNq`YcqX�»|�\_��WGYcEGOtbLFN�[\_WGYcFId O`��KNbGWGY[q�M�K�WLqsr_Ycd�H¥��� ������� � ���
��	 

	������
	 � �����
	� 
 ��� 	
� �#� &�� � � �  6� 
 

	���&�^]P � ½�~���x�~I^j~@��%J�_�

� x#�-2#��2#� ��KN°XOtE�KXd.i ªp� ��� �6Y[d_��FIEGi��«�¸Oth_WLr ��EGFIM Oti.HJO`��KXd�i±Y[dIWLO3d�bGY�W8}]�9UjKNbLOti
bGWLOtEGOtF¥� 4od���� � � ��	������ ����
.��� ���  6������� �%� 	��  �	���!�� � � � !�! 	 &����  A�¯^_h¥KXHIOtb � �.~�� � � � ^
1 \.HI\.bGW#~�� %�~X�

� �#��f�� ��KNEGi_Y[d.O`W3^(#©� ��� � FIr.Otd�^6KNd.i � � 1 }�KNqur.OX� ¼�Y�WGWGY[d.H FX��YcbLFN�9b£\.Eo��KXqtOtb�\�bGYcd�H
bL\.hVOtEGZ]\jKXi�EoYcqtb�KNd.i»��EGO3O`� ��FJEGM i.O`��FJEGM�K@WGYcFId.b3� 4md � � �  6�A�6	�	��'& 
 � 
 � � ���������
� ����� 
 � ��� ���! 	���� �6	�	� 
��!"� � � &�� 
�� � ��! � 

	 
$#%�& '���)( *,+%-�^n¦JO@K@WGWG�[OI^ � KXb£r_Ycd�HX�
WLFId�^ �X\�d.O�~��J�NP¥�

� P �¡¦]OtEGHIO ��OtdjKt}IFJ\�d�^ � rjKXr¥KXU � KXbmWuKXE¯^0KNd.i � Ycqsr.FN��KNb 1 }]KXqsr.OX�Q�¸Otd.bLO�d.FId_�9EoY[HXY[i
M�FXWGY[FId¡OtbGWGY[M�K�WGY[FJd�Y[d¡bLOtZ]\.Otd.qtOtb©FN���Ni�YcM�KNHJOtb�\�bGYcd�Hgi�Y��0OtEGO3dIWGY¢K��¥q3FId.bGWLELK@Y[dJWLbt�
4od.� �����/� �����$��	 

	������0� 	�� �1� ��!32 � �
! 	�� �2����	
2 ���4����	� 
 	��$4��A	�	� �	����¯^`aIFX�[\.M�O�� �Iy
FN�65��
 �7�����'8 �
� � 
 	��9� �����/� �����
:  �	 ���  A�¯^NhjKNHJOtb6� �I�;����~#%_^ � Y[qtOX^]¼.ELKNd.qtOX^ 1 h.EoY��
~��J�Iy��¥¦]h.EoY[d.HIOtE¯�

� y#��D�KN\_� ��� ��OtbG��KNd.i � O`Y��0���_|�q��#Kt}J� 1 M�O`WLr.F_i���FJE(EGOtHXY[bGWLELK@WGYcFId�FN���@�9i�bLr¥KXhVOtb3�
������� �<��4=�L^�~tP¥²8x]¹L½ xJ�I�;��xIyJy_^I¼.OtU.EG\jKNEo}<~��I�Jx_�

� � � �QKNEo}�f�� � r.EoY[bGWLOtd.bLOtd�^�|
Y[qurjKNO`�/4u�.|
Y����[OtE¯^.KNd.i�|
Y[qurjKNO`� ��KNd.d_Y[O3E¯� 1 �Xi�i�O¯��FIEo�
M�KXU��cO#M�KNHJd�O¯WGY[q#EGOtbLFIdjKNd.qtO¸WLO`µ�WLUVF_FJ°ºUjKXb£O3i
FId³O`�¢KXbGWGY[q`Y�W8}J� 4od9�������>:?� � 	��'&
:������ � 

	@���A: ��� 	 � 
CB
���D��! 	� 
����	���� 
 ��
E� �����/� �����F� 	 
 	���� 	��F4��A	�	� �
!G� �#� &��
� � �  6� 
 
 	��'&�^�hjKNHJOtbQ~�yJ�H�n~@y � ^�¦IWuKXd�i_��FJEGi �$d_Y�aJOtEGbGY�W9}J^0|lKNEGqur®~@�I�XP.�

� z � �QKNEo}ºf�� � r.EoY[bGWLOtd.bLOtd�^�S�Y[qur¥KXEGi����]S$KNU.U_Y�WGW3^.KNd.i�|
Y[qurjKNO`�
4`��|
Y����[OtE¯�,�Ni�U.ELK�Y[d
M�KXh�h_Ycd�H \�bGYcd�H K i�O¯��FIEGM�KXU��cOld.Ot\.EGF]KNdjK�WLFIM#}J� � � ��
 	� 
 	��F4 �6	��
 �	�� � ����	
 	���! �
& ��^.�I��½ � �J�H� � ~�%�^¥~��I�XP.�

� %#� 4obuKJKNq � FIr.Otd�^ #�KX\.EGOtdIW � FJr.Otd�^ KXd�i � Ycqsr.FN��KNb 1 }�KNqur.OX� �$bGY[d.H i.O`��FJEGM�KNU_�cO
bL\.Eo��KNqtOtb�WLF�bLOtHIM�OtdIWg�Ni�Y[M�KXHIOtb{KNd.i§Ycd_��OtE$i_Y ��OtEGOtdIWGY�K@��bGWLEG\.q`WL\.EGOtb3�I�J�K	�� �LB
� �#� &��M��� 	���� 
 �$��� 	�	��'&N( *3OX^0¦]Oth_WLOtM�UVO3Ep~@�I�Ix��

� �#� � �O3E�!FIM�O��¸O3q`�[OtEGqu°j^ � �OtELKNEGi ¦]\.U�bLFX��^ �NO�KXd��mD(r_Y���Y[h.hVO ª�r_Y[EoYcFId�^pKXd.i � Y[qur.FN�¢KXb
1 }�KNqur.OX� 1 \_WLFIM�K�WGY[q�EGO`WLEoYcO`aXK@�¨FX�
KXdjK@WLFIM¡Y[q�K���bGWLEG\.q`WL\.EGOtb Ycdv�Xi M�O3i�Ycq�K@�

ð�ð Û983:<;>=3?



� � ���������
	��
	����

Y[MºKNHIO3bt� 4od � ������� � ���N� 	 
 	����"�&� 	�� �1� ��! 2 � �
! 	�� � ����	�2 ���4����	� 
�	�� 4��A	�	� �	����¯^
aJFN�[\.M�O�� �Jy�FX�
5��
 �1��� � 8 �
� � 
 	�� � ������� � ��� :  �	 ���  A�¯^¥hjKXHIOtb)~@yI�;�n~ � x_^ � Y[qtOX^
¼.ELKNd.qtOX^ 1 h�EoY���~��J�Iy_�j¦]h�EoYcd.HIOtE¯�

� ~ �#� �_��¼�O¯�[i.M�KNE#KXd.i � � 1 }�KNqur.OX��S´Y[HXY[i<KNd.i<K 5ºd�O¡EGOtHNYcbGWLELK@WGY[FJd�FN��bLM�F_FXWLrlb£\.Eo�
��KNq3Otb¸\.bGY[d.H
i_Y ��OtEGOtdIWGY�K@� h�EGFJhVOtEoWGYcOtb3�&4od � � �  6�A�6	�	��'& 
 � 
#� � � ���
	�� 	 �'��� ��� �
���
� ���#
.��� ���  A� ��� � ������� � ��� ��	 

	���� � *D*,+ #7�>�0�J� ( *,+;-N^�¦XWLF_qu°]r.FN�cM¨^�¦I��Oti.Otd�^
|lKt}l~��J�NP.�

� ~J~.� �@YcM � � �¸OtOI^�|lKNEoWGYcd STO`Y�a�Y[qur0^(KXd.i»ST\�%3OtdjK ��K@eGq3bm}]�§f��¢KXbGWGY[q�K�����}®i�O¯��FIEGM)Ycd�H
�Ni�K@WG��KNb�WLF#M�K�WLqsrºKNdjK@WLFJM)Y[q�K��_U.ELK@Ycd)Y[M�KXHIOtb3� � �?��� � ��! ��
 � ������� � ��� � 
 
 	 
%� �6	
� ��� �
&�� ����� �N^�~�z]²8x�¹L½ xJxIyH�.xI� � ^]|lKNEGqur®~@�I�J�_�

� ~@x#� �{� D�� �¡� 2{FIEGd�KNd.i �{� ����¦]qsr�\�d.qu°j�)�¸O`WLOtEGM¡Y[d_Y[d.H¨FIh_WGY[q�K��"�¥F����M� �%� 	��  �	���! � �0�
��� !�! 	 &����  A�¯^V~�z�½�~#%IyH�.x �J�_^¥~�� %�~X�

� ~@�#��|
Y[qurjKNO`���#KNbLb3^ 1 d.i.EGO`� � Y�WL°JY[d�^¥KNd.i³�¸OtM�O`WLEoY�ª�OtE %3FIhVFJ\_�[FIb3�(¦]djKN°XOtb3½ 1 q`WGY�aJO
qtFJdIWLFI\.E)M�F_i�O¯�[b3� � ������� � ����	���� ��! � �3���
���
!+� 
9� �����/� ����� � 	 
 	����.^�~X½Î��~@xH���J��~I^
~�� %]z��

� ~3P � ���)|lK@��KNd.ijK@Y[d�^)¦j�)¼.OtEGd �KNd.i.O %`� �¸Y[ijK���^�KXd�i �_�Î|<�¡STF_qtqur�YcbuKNd_Y�� 4oM�h�EGF�a]Ycd.H
EGOtHXY[bGWLELK@WGYcFId FX�����o� M�Oti_Ycq�K@�QYcM�KNHJOtb
\.bGY[d.H¤K�M�OtqurjKNd_Y[q�K��#UjKNbLOti M�O`WLr.F_i0�
4od � � �  6�6�A	�	���& 
 � 
 � � � � � 	�� 	 �0��� ��� � ��� � ���#
.��� ���  A� ��� � �����/� �����F��	 

	����
#1�J�'� � ( *C+;-N^�hjKNHIO3bg~@��~��n~�� � ^_¦IWLF_qs°�r�FX�[M¨^n¦X��O3i�O3d0^j|lK¯}¨x;� � ~��J�NP.��#�O3q`WL\.EGO
� FXWLOtb´Ycd � FIM�h.\_WLOtEg¦]q`Y[Otd.qtO % ��~I�

� ~@y#� � r¥KXrjKNU � KXbGWuKNE¯� �¸Y[U.ELK@WGYcFId¤|�F_i.Otb���FIE � FJd.EoY[HNYci�|�FNWGYcFId 1 d¥K���}_bGYcb)Y[d¤�J�
4oMºKNHIO3bt� 4od � � �  6�6�A	�	���& 
 � 
���� � � � 	�� 	!�0��� ��� � ���F� ���#
.��� ���  A� ����� ������� � ���
��	 

	���� #1�J�'�J�L( *C+;-N^V¦IWLF_qs°�r�FX�[M¨^V|lKt}l~@�I�NP¥�

� ~ � � �¡�_D�O3d�d.OtqgKNd.i��_�ÎD���ªTr_Y[EoYcFId�� ��K���Yci¥K�WGY[FJd�FN���@�9i�EGOtHNYcbmWLELK�WGY[FJd�M�O`WLr.F_i.b�U¥KXbLOti
FId¨hVFXY[dIWLbgKNd.i���ELKNM�Otb3�6S�O3b£O@KNEGqur
STOthVFJEoW¸xXP_z ��^ 4 � S 4 1 ^�~��J�Iy_�

� ~Nz ��D��V¦]r_Y�^ ���jS�FIU_Ycd�bLFJd0^ 1 � � rjKN°]ELKXUVFJEoW8}J^ #©�j¦XWuK�Y[U�^¥Sp� � FJd.bmWuKXU_�[OX^ 1 �¥¦IY[d�\�buKXbt^
KNd.i ���0�¸\�d.q�KXd�� 1 \.d_Y �jOti���ELKNM�O`��FIEG°�WLF¨KNbLbLOtbLb�M#}IF_q@KNEGi_Y¢K�����\.d.q`WGYcFId
��EGFJM
PIi#Y[MºKNHIO3bt� 4od � �����/� ����� ��	 

	���������	��%�1� ��!?2 �
��! 	����9����	 2 � � �
� 	� 
 	�� 4��A	�	� �	����¯^
aJFN�[\.M�O�� �Jy�FX�
5��
 �1��� � 8 �
� � 
 	�� � ������� � ��� :  �	 ���  A�¯^¥hjKXHIOtbQ�Jx]zC���I��z]^ � Y[qtOX^
¼.ELKNd.qtOX^ 1 h�EoY���~��J�Iy_�j¦]h�EoYcd.HIOtE¯�

ì ��ð,ì�î



��Õ`ä�à���â¯Û3Ücð,ÖÎñsÖ����#Õsà��8Þ�ÖÎÛ�ñ�âså
	¯í��#Ú��3Ö��GÕu×Iì�ÔTÕ`ñ¯ÚGä �]z

� ~#%#��S´YcqsrjKXEGi±¦ %3O`��Ycb£°JY¸KXd�i ¦XW��O3h�rjKXd�O #�K¯aXK����"�OtOX� |lK�WLqsr_Ycd�H<���8i�KXdjK@WLFIM¡Y[q�K���b£\.Eo�
��KNq3Otb(�TY�WLr¨d�FJd_�8EoYcHNY[i�aJFN�c\.M�O`WLEoY[qQi.O`��FJEGM�K@WGYcFId.b3�/4md �+� �  A�6�6	�	��'& 
 ��
 � � ���������
� ����� 
 � ��� ���! 	���� �6	�	� 
��!"� � � &�� 
�� � ��! � 

	 
$#%�& '���)( *,+%-�^n¦JO@K@WGWG�[OI^ � KXb£r_Ycd�HX�
WLFId�^ �X\�d.OQ~��J�NP¥� 1 �cbLF$Y[d 1�1�1 4�~@�I�NPg¦]h.EoY[d.H¡¦X}�M�hVFJbmYc\.Mv¦]OtEoYcOtb3� 1 h.h_��Ycq�K@WGYcFId
FN� � FJM�h.\�WLO3E �gY[bGY[FJd Y[d±|�Oti_Y[q�K�� 4mM�KNHJO�D(EGF_qtO3b£bGYcd�H¥^´¦IWuKXd���FJEGi �$d_Y�aJOtEGbGY�W8}]^
~��J�NP¥�

� ~@�#� �@�mD ªTr_Y[EoYcFId���¦IWLOth.b¸WLF��TKNEGi
WLr.O�KN\_WLFIM�K�WGY[q#�¢KXUVO`��Y[d.H�FN���XilM�Oti_Y[q@K@��Y[M�KXHIOtb3�
4odN������� 
6����� � 

	@���&B �G�D� ! 	� 
����	���� � 
�� ������� � ���E��	 

	���� 	��94 �6	�	� 
��! � �#� &��
� � �  6� 
 
 	��'&�^�hjKNHJOtbQ~�%;��x�~I^�¦IWuKXd���FJEGi�^V|lKNEGqur®~@�I�NP¥�

�çx �#� � � |<� � O`���[b�4�4�4`^ � �Îf�� #©� �{EoYcM�bLFId�^�Sp���¸Yc°IY[d_Y[b3^�KNd.i<¼6� 1 � �XFN�[O3b %I� 1 i¥KXh_WuK@�
WGY�aJO)bLOtHJM�OtdIWuK�WGY[FJdlFN�6M�EoY(ijK@WuK�� 4md � ������� � ��� � 	 
 	����"�
��	��%�7� �
!<2 �
��! 	�� � ����	
2 � � �
� 	� 
2	��!4��A	�	� �	����¯^_aIFX�[\.M�O�� �Jy)FN��5��
 �1��� � 89����� 
;	��N� �����/� ����� :  �	 ���� 6�¯^
hjKNHJOtbTyI�H� � ��^ � YcqtOX^¥¼.ELKNd.qtOX^ 1 h.EoY���~��J�Iy��¥¦]h.EoY[d.HIOtE¯�

�çx.~.���Vr.Otd.HN}JFI\��Vr¥KXd.H.� 49WLOtELK@WGY�aIO³hVFXY[dIW�M�K@WLqur_Y[d.H���FIE�EGOtHNYcbGWLELK@WGY[FJd»FX����EGOtO¯� ��FJEGM
qt\.EoaJOtb3�©ª�Otqur�d_Ycq�K@��STOthVFJEoW�~ � y %_^ 4 � S�4 1 ^ 1 h.EoY�� ~��I�Jx_�

ð�ð Û983:<;>=3?
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