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Unité de recherche INRIA Sophia-Antipolis

2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex (France)
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hjKNELK@���[O`��M�KXqsr_Ycd�ON¹L^nELK�WGY[d.H¨KNdYcM�h.EGOtbLbmY�aIO
�_� %��$YcH]K �jFJh�b{hVOtEo��FJEGM�KNd.qtOI�74od � ~���^VWLr.O
qtFIM�h�\_WuK�WGY[FIdQWGYcM�O6Y[b�d.FNW�M�O3dIWGY[FJd�O3i0^�U�\_W�WLr.O6M�O`WLr.F_i�EGO`��YcOtb�FId#qtFJEGEGO`�¢K�WGY[FId�^t�$r_Y[qur
Y[b{°]d.F3�{d§WLF�UVOQaIO3Eo}ºWGYcM�O#qtFId.bL\.M)Y[d.H¥^�O`aJOtd§Ycd�xI���

1 b�WLr.FIbLO�W9��F M�O`WLr.F_i.b§EGO¯��}±FId±O`�¢KXbGWGY[q`Y�W8}±M�F_i.O`��Ycd.H.^©��OlEGO¯��OtEºWLF WLr�O3M KXb
� ! �� ��	� ¸M�K�WLqsr_Ycd�H³M�O`WLr.F_i.b¡² d.FId_�8EoYcHNYci®MºK@WLqur�Ycd.HEGO`��OtEGEoYcd.HWLFK¨U.EGF]KNi.OtEQq¯�¢KNbLbQFX�
M�O`WLr.F_i.b3^�Ycd�q¯�[\.i_Y[d.H ��FJE�Ouµ¥KXM�h_�[Oh_��KNbGWGY[q�i.O`��FJEGM�K@WGYcFId.b¯¹L� 2$F���O`aIO3E¯^©WLr.OtEGOYcb�d�F
K@�9h.EoY[FIEoY�EGO@KNbLFId��$rJ}»M�K�WLqsr_Ycd�H�UjKNbLOti<FId �j\�Yci i_}_djKNM)Ycqtb�KXh�h_��Y[Otb#WLF�M�F_i.O`��WLr.O
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bGY[M)Y��¢KNEoY�WGY[Otb¡UVO`W9��OtOtd<W8��Fli_Y ��OtEGOtdIW�h¥K�WGY[OtdJWLbt��ªTr.FIbLO�bGY[M)Y��¢KNEoY�WGY[Otb�qtFJM�O���EGFIM WLr.O
bLr¥KXEoY[d.H¨FN��K�qtFJM�M�FIdlh.rI}��[FIHJOtdI} ²�WLr.O�i.O`aJO`�cFIh.M�OtdIW#FX�6bLhVO3q`Y[Otb¯¹$KXd.i�WLr�O�\�d.i.OtEo�
HIFXY[d.H)FX��K�bGY[M)Y��¢KXE´FJdIWLFIHJOtdI}³²�WLr.O#i.O`aJO`�[FJh�M�OtdIWTFN��WLr.OQFIEGH�KNd_Y[bLM¨^I��EGFIM OtM�U.EoY[F)WLF
KNi.\_��W¯¹L�

4mdpWLr.O�i.OtbGY[HJd�FX�.FI\.E�d�FJd_�8EoYcHNY[i#M�K�WLqsr_Ycd�HgM�O`WLr.F_i�^3��O�i.F¸d.FNW,WLEo}#WLFQKNi.r.OtEGO6WLF_F
q`�[FJbLO`��}¡WLF�K#h�rJ}_bGY[q�K��0M�F_i.O`��Y[d.H�FX�,O`��KNbGWGY[q`Y�W8}n½_WLr�O3EGO$Y[b�d.F)d.OtO3i�WLF�M�F_i.O`��h�EGO3q`Y[bLO`��}
WLr.OºUnOtrjKta]Y[FJEQFN�{K§i_}_djKNM¡Y[q��j\�Yci®Y���WLr�O�bL\.U_eGOtq`W#Ycb�d.FNW¡K¨i�}�d¥KXM)Y[q#�j\_Y[i�(�Y�W�q@KNd
r.O`�[h�^Nr.F���O`aIO3E¯^3WLF¸HIO¯W(KTUVO`WGWLO3E�YcdIWL\_Y�WGY[FJd�KXUVFI\_W,WLr.O�O$�0O3q`W�FN�_WLr.O�hjKNELKNM�O`WLOtEGb�FN�.WLr.O
M�F_i.O`��²�Y��nFId_��}���FJE�WLr.FJb£O��{r.F#KNEGO�\.b£O3i�WLF¸WLr.OtM�¹L�IªTr�O�buKNM�O�qtFId.bGY[i.OtELK�WGY[FId¡KNh.h_��YcOtb
WLF§r.O�KXEoW¸M�FXWGY[FJdlbmWL\.i_Y[O3bt½¥WLr.O)M#}JF_q�KNEGi_Y[\.M Y[bQKXd�Y[dIWLOtEo�cO�KtaIO3ilb£O¯WQFN� qtFIdIWLELKXq`WGY[U_�cO
�jUVOtEGb3^Nd.FNW©K$a]Ycb£q3FI\.b �j\_Y[i�� � O�M�\.bGW©qtFId_��OtbLb,WLrjK@W�WLr�O�EGO`�cO`aXKNd.qtO�FX�¥FJ\.E�F��{d�M�F_i.O`�
Y[bQd.F�M�FIEGO{eG\.bmWGY��jOti�WLrjKNd�WLr.O)q�KXEGO`��\_�6KXh.h���Y[q�K�WGY[FJd�FN� �j\_Y[ili_}_djKXM)Y[qtb3^0U.\�WpUVO`Ycd�H
M�\.qur bGYcM�h_�[OtE¯^0Y�WLb¸Y[M�h��cOtM�OtdJWuK@WGY[FJdlY[b#O�KNbGYcOtEQKNd.i�WLr.O�EGOtbL\_��WGYcd.H�K@�cHIFJEoY�WLr.M M�\.qsr
��KNbGWLOtE¯�

��������� � ¿]�_�-����¿ + ����¿�������Ä "8¿]�_�-����¿��6Ã ���V���
� FJdIWLELKNEo}�WLFºWLr.O�KXUVF�aIO�WLOtqur�d_YcZ]\.Otb3^n��O�rjKtaIO¡h.EGO`a]Y[FJ\.bm��}li.O`aJO`�[FJhVOti�KXd�FXWLr.OtE#KNh_�
h.EGF]KNqur�^�h.EGOtbLOtdIWLO3iºYcd � �#��� � OgOuµ�WLELKNq¯W�bLhnOtq`Y �jq$��O@K@WL\.EGO¸��Ycd�O3bt^]WLr.O� �� �  � ! 	�� � s^X��EGFJM
WLr.O��J� YcM�KNHJOtb3^�hnOtEo��FIEGM«d.FId_�9EoY[HNYciM�K�WLqsr_Ycd�H�FX��WLr�FJbLO��J� ��Y[d.Otb3^VKXd�i�WLr.OtdlKXh�h_��}
K�TKNEGh_Y[d.H�WLF�Ouµ�WLO3d�i WLr�O¨hVFXY[dIWG��WLFN�9hVFXY[dIW¡qtFJEGEGOtbLhVFId.i.Otd.qtO�UnO`W8��OtO3d»��Ycd�O3b�WLFlWLr.O
�$r.FX�[O#�I� bLhjKNqtOI��ªTr�O#M�K�Y[d³KNi_aXKNdJWuKNHIO¸Ycb´WLrjK�W¸K���KNEGHJOtE�d]\.M�UnOtE�FX��b£FX�[\_WGY[FJd.b´q@KNd
UVO¡Ouµ�h_�[FJEGOtiY[d�K�EGOti.\.qtOti�KXM�FI\.dIWpFN�(WGYcM�OX^0UVOtq@KN\.bLOgWLr.O��I� ��Y[d.O)EGO3h�EGO3b£O3dIWuK@WGYcFId
Y[b�qtFJM�hjKNq`W3^�}JO`W�qtFJdIaIO¯}_b�KlHIEGO�K�W�i.O�K@�TFN�gEGO`�[O¯aXKNdIW�HJOtFIM�O¯WLEoY[q§Ycd_��FIEGM�K�WGY[FId ² b£O3O
� ~@� � ¹L��ªTr�YcbTK@���cF��$b�\.b6WLF)hnOtEo��FIEGM bL\�q3qtOtbLbG��\�����}¡Y[dIWLOtEo�9hjK@WGYcOtdIWTEGOtHNYcbGWLELK@WGY[FJd�Y[d¨K�EGO@K@�
bLFIdjKNU_�[O³KNM�FI\.dIW�FX�$WGY[M�OX^ djKNM�O`��}J^6KXUVFI\_W�x �lM)Y[d]\_WLOtb�FJd¤KlqtFIdIaJOtdIWGYcFIdjK@�g�Qf �
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$Y[bQd.OtO3i�O3i�Y[b
��O�K@WL\.EGO�hnFNY[dJWLbpMºK@WLqur�Ycd.H.� 49W�Ycb�K��[bLF)eG\.bGWGY �jOti��TY�WLr<EGOtbLhVOtq`W#WLFlKXdjK@WLFIM#}n½0��FIEQWLr.O
Ouµ¥KXM�h_�[O�FN��WLr.O�U.ELK@Ycd�^�K§��KNEGHIO¡bL\�U.bLO`W�FN��WLr.O�qtEGO3bmWQ��Y[d.Otb�qtFIEGEGO3b£hnFId.i.bQq`�[FJbLO`��}�WLF
WLr.OpHX}_EoY�KNd.i³b£\_�cq`Y�^¥KXd.irjKtaIO¸�cFId.H�UVO3Otd§Yci�O3dIWGY �jOtilKXb��¢KNd.i.M�KXEG°]b$UI}³KXd¥K�WLFIM)YcbGWLbt�
¦]FIM�Olh�EGFJHIEGOtbLb�Y[b¨bGWGY����#d.OtO3i�O3i WLF�M�KX°NOlWLr_Y[b¨M�O`WLr.F_i±��\�����} KN\_WLFJM�K@WGYcq ²8KNd

Y[bLFN��Y[dJWLOtd.bmY�W8}lWLr.EGOtbLr.FN�ci»rjKNbQWLF�UnO�i�O"�¥d.Otin¹L� 1 �cbLF.^nWLr.O�M�K�WLqsr_Ycd�H³Y[b�HIF_F_i�Y[d<WLr.O
d.O`Y[HJr]UVFJEGr�F_F_i�FX�0WLr.O¸qtEGOtbGW���Y[d.Otb3^�U.\_W�qtFI\_�ciºUnO�YcM�h.EGF3aJOti�Y[d�WLr.O¸FNWLr.OtE�EGO3HNY[FJd.b�UI}
K)M�FJEGOg�cF_q�K@�8^�Y[dJWLOtd.bmY�W8}¨UjKNbLOti³K@�cHIFIEoY�WLr.M¨�
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�¸d.O$h.EGFIM¡Y[bGY[d.H�KXh.h�EGF�KNqur�Y[b6WLF)q3FIM�U�Ycd.O$WLr.OQqtEGOtbGW���Ycd�O3b WLO3qsr.d_Y[Z]\.OX^_�$r_Y[qur¨r¥KXb
KNd�KNdjK@WLFJM)Y[q�K��I��FJ\�d.ijK@WGYcFId�^NKXd�i¡q�KNd¡KNd.qur.FIE,aIO3Eo})h.EGOtq`YcbLO`��}¡K$bLO`W©FN�jqtFJEGEGOtbLhVFId.i_Y[d.H
hVFXY[dIWLb�UVO`W9��OtOtd<WLr�O¨�J�vY[M�KXHIOtb3^��TY�WLr�Y[dIWLO3d�bGY�W8}]�9UjKNbLOti»MºK@WLqur�Ycd.H.^��{r_Y[qur Y[b¡KNU_�cO
WLF��jd.i �[F_q@K@�Qi.O`��FJEGM�K@WGYcFId.b�Y[d WLO`µ�WL\.EGOti KXEGO�KNb3�$¦]\.qsr K»qtFX���¢KXUVFJELK@WGY[FJd�UVO`W9��OtOtd
��O�K@WL\.EGOtb#KXd.i®q3FIEGEGO`��K@WGY[FJdlrjKNb#K@�cEGO�KNi_}�UVOtOtd�bL\.HIHJOtbGWLOti�UI}lMºKNdI}�KX\_WLr�FJEGb¸��FIE#xJ�
Y[M�KXHIO¡KNdjK@��}_bGY[b3^V��FIE$O`µ¥KNM�h_�cO�Y[d � x �©��FIE$bGWLOtEGO3FºYcM�KNHJO�M�K�WLqsr_Ycd�H¥�nªTr_Y[b¸Ycb¸�$rI}���O
qtFId.qtO3dIWLELK@WLOTd.F3�¤FJd)WLr.O�i.OtbGYcHId�FX�0KXd)Y[dIWLO3d�bGY�W8}]�9UjKNbLOti�d.FId_�9EoY[HXY[i)MºK@WLqur�Ycd.H.^I�$r_Y[qur
Y[bTWLr�O#M�K�Y[d¨bL\�U_eGO3q`WTFN��WLr.Oph.EGOtbLOtdJW¸hjKNhnOtE¯�
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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¯�

� ��� � .
.7� � 6 . "�� #

ª�r.O#M�FJbmW�YcdIWL\_Y�WGY�aJO)M�O`WLr.F_i�b{KNEGO�K�WGWLELKNq`WLFJEo�8UjKNbLOti�^��{r_Y[qurOuµ.h���K@Ycd�b��{rI}§WLr.O`}³KXEGO
WLr.O¸M�FIbGW6�TY[i.OtbLh.EGO�KXi0�]ªTr�Ogi�O¯��FIEGM�KXU��cO$M�F_i.O`�jY[b�K#qtFJdIWLFI\.E�buKNM�h_�cOti�Y[dIWLF�KpHXY�aJOtd
d]\.M�UnOtE#FN��hnFNYcdIWLb¡² bLOtO��jHI\.EGO§~N¹L^�U.\_WQY�W#M)YcHIrIW#UnO�K��[bLFK�EGOtHJ\���KNE¸HJEoY[i�^�q3F3aJOtEoYcd�H
WLr.O��{r�FX�[OTY[M�KXHIOX�NªTr.O$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�
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Scene

Points attracted by the scene

Line of attractors

Deformable model

¼�YcHI\.EGO�~X½¥�¸O¯��FIEGM�KXU��cOQM�F_i.O`�0�TY�WLr�K@WGWLELKNq¯WLFIEGb

� � � � � * "�,*#

#,O`WT\�b{d.F3� h.EGOtbLOtdIWTWLr�O#hnFNY[dJW�FX��a]Y[O`� FN��i.OtM�FJd�b3� � O$�TY�����bL\.h.hVFJb£O{WLr¥K�W���OQq@KNd
i.O`WLOtEGM)Ycd�O�WLr.O�FIU_eGOtq`W�UnFI\.d.i¥KXEo}�hVFXY[dIWLb3^(KNb#Y[d<WLr.Oºq@KNbLO�FN�gK@WGWLELKXq`WLFIEGb3^�U.\_W�K@�[bLF
WLr.O´�cF_q�K@�_FJEoY[OtdJWuK@WGY[FJd¨²�Y[d.bGY[i.O`�9FI\_WLbGY[i.O�¹,FN�jWLr.O�q3FIdIWLFJ\�E���FIE�O�KXqsr¡hVFNYcdIW3^IUVFXWLr���FIE�WLr.O
i.O`��FIEGM�KXU_�[O�M�F_i.O`��KNd.i��FJE�WLr.O�bLqtO3d�OI�jªTr.FIbLO�KNbLbL\.M�h_WGY[FId.bgKNEGO�O�KNbGY���}���\����.���[O3i�Y[d
WLr.O$q�KXb£OTFN��M�Oti_Y[q@K@�jY[M�KXHIOtb3^@�{r�O3EGO¸KNd�YcbLFN�9qtFIdIWLFJ\.E�HJOtd.OtELK@����}�bL\ 5�qtO3b(WLF#i�O"�¥d.OgKNd
FIU_eGOtq¯W�UnFI\.d.ijKNEo}³KNd.i��$r.OtEGOQWLr.O#HIELKNi_YcOtdIW{i�O"�¥d.Otb�WLr.O#d�FJEGM�K@�,WLF¡WLr¥K�W$q3FIdIWLFJ\�E¯�
ªTr_Y[b�WGY[M�OX^ Y�W�Ycb�WLr�O�b£q3Otd.O�FIU_eGOtq¯W�qtFIdJWLFI\.E��$r_Ycqsr�Y[b�buKNM�h��cOti Y[dJWLF K HXY�aJOtd

d]\.M�UnOtE�FN�phVFNYcdIWLb3^��TY�WLr�WLr.OlKXb£bLF_q`Y�K@WLOti FIEoYcOtdIWuK@WGYcFId�^�KNb�h.EGOtbLOtdIWLOti�Ycd �¥HJ\.EGO�x_�
� O{��Y����0bLOtO{�¢K@WLO3E6WLr¥K�W{K@��WLO3EGd¥K�WGY�aJO`��}���Ogq�KNd�buKNM�h_�cO$WLr.O$�$r.FX�[O¸bLqtOtd.O$YcM�KNHJO��TY�WLr
K»EGOtHJ\���KNE�HIEoYci FX�#hVFXY[dIWLb3^ Ycd�bGWLO�KXi FX�#buKNM�h_��Ycd.H K»bGY[d.HX�[O�qtFJdIWLFI\.E¯� 1 i.OtM�FId¤Y[b
KNbLbLF_q`Y¢K�WLOti�WLF#O�KXqsr�FX�VWLr.FIbLOTqtFIdJWLFI\.E6hVFXY[dIWLb3^NY[d�K#bLOtd.bLO´aJOtEo}�bGYcM)Y���KNE(WLF¡|lK�µ���O¯����¶·b
i.OtM�FId.b��3�
f6KXqsr�i�O3M�FId�KXq`WLb$�[F_q@K@����}J^¥WLF�h�\.bLr�WLr.O)i.O`��FJEGM�KNU_�[O�M�F_i.O`��Y[d�WLr.O)d.FJEGM�K@��i_Y��

EGOtq`WGYcFId�FN�6WLr.O�bLqtOtd.O¡qtFIdIWLFJ\.E¯^�U.\_WQWLr�O�FIEoY[O3dIWuK@WGYcFId�FN�6WLr.O�h.\.bLrli�O3hVOtd.i.b#FIdlWLr.O
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�
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�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�WLri.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�WLFWLr.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[qurY[bgd�FXW
EGOtZ]\_Y[EGO3ilUI}WLr.O)i.OtM�FId�M�O¯WLr�F_i�^0KNd.iWLrjK�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.iFX��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£O3dIWd.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
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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`�ciFN��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�KNquraJFtµ.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.EGOtbLOtdJWLOtir.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��
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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��$YcM�KNHJOtEo}�UjKNbLOti�FJd YcM�KNHJObL\.U_WLELKNq`WGYcFId���¦]M�K����¸d.FJd��9EoY[HXY[i�i.O`�
��FIEGM�K�WGY[FJd�bgq�KNdlOuµ_Y[bGW#UVO`W9��OtOtd�WLr.O)YcM�KNHJOtb$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�FIEGOQWLrjKNdFJd.OQFIEGi.OtETFN��M�KNHJd_Y�WL\.i.OX�

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

¦]F���KXE¯^¥��O��[O¯�¢WQ\.d�bGWuK�WLOtiWLr.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�����FJEWLr.O xI��q�KNbLOX�$ªTr.O»rI}_hnFNWLr.O`�
bGY[b§YcbWLrjK@W¨WLr.OtEGO Ycb�K qtFJd�bLOtEoaXK�WGY[FJd FN��WLr.O®YcdIWLOtd.bGY�W8} FN��hVFXY[dIWLb³\�d.i.OtE³M�FNWGYcFId
�G²���² �L¹ � �j² �L¹ ��� ² �L¹ � �`¹ ����� �
	 �`�V�$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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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[qurM�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[FJdFX� �� Y�WLbLO`����² O3Z]\jK@WGY[FJd�P_¹L^
�$r.OtEGO �� WLO3d�i.bTWLF3�TKXEGi ���{r.Otd � �
 � �]Y[bTbLM�K@���,��Y�WLrEGOtbLhVO3q`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 �
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 �¥¹
² �
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 �.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$WLOtd.iºWLF��TKXEGi %tO3EGF��{r�O3dºFJd.O¸FN�,WLr.O¸W8��F�HIELKNi_YcOtdIW�d.FIEGM�b�WLOtd.i.b�WLF �_^
��FIEQOuµjKNM�h_�[O�UI}lM�\���WGY[h_��}�Y[d.HWLr.O�Ouµ�h.EGOtbLbGY[FJd���FIE �� � �TY�WLr<K�bGY[M)Y��¢KNEoY�W8}�qtF_O<5�q`Y[O3dIW	
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WLEGOtOtb�Y[d�� ~�����^JWLr.O¸F_q¯WLEGOtO$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$MºK@WLqur�Ycd.H§M�O¯WLr�F_i.b�² bLOtO � ~3P#����FIE{WLr�O¡EoY[HXY[i
q�KNbLO�¹L�,¦]FIM�Op°JY[d.ilFN�©bLOtHIM�O3dIWuK@WGYcFIdYcbQK@���TK¯}�b$EGOtZ]\_YcEGOti�Y[dWLr.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^�KhnFNWLOtdJWGY¢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`WGYcFIdWLF�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[FJdY[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{�$r_Y[qur
M�K�µ_Y[M)Y&%tOºWLr.O¨qtFIEGEGO¯�¢K@WGYcFId<��\�d.q`WGYcFId��6¼�FJE)KlHXY�aJOtd hVFXY[dIW � FX��WLr.O¨M�F_i.O`���j^(WLr.O
qtFIEGEGO¯�¢K@WGYcFId¨��\�d.q`WGYcFId³qtFI\_�[i³UVO�KNh.h_��YcOtiWLF�WLr.OQ�$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$UnO�i.OtEoY�aJOti)WLF¸HJO`W©K��[F_q@K@�]O3bmWGYcM�K@WGYcFId�FN�.WLr.O�i�YcEGOtq`WGYcFId
WLFºWLr.O¡M�FIbGWQqtFJEGEGO`�¢K�WLOtilhVFXY[dIW3^0bL\.qsr�KXb¸h.EGFIhVFJbLOtiY[d � ~.�8^j�{r_Y[qurlq�KNdlUnO�WLr.OtEGO`��FJEGO
q`�¢KXbLbmY��jOtiKXb$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.OM�F_i�O¯��^(U.\�W§K��cF_q�K@��qtFJM�h.EGOtbLbGY[FId FIE�i_Y��¢K@WGYcFId FX�$WLr.OM�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.EGOtbLOtdJWLOtir.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.OW8��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.ObuKNM�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.OW8��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`��}��$rjK�W�FJEGH]KXd�Ycb�EGOth.EGOtbLOtdIWLOti¨Y[d
WLr.OgW9��F)Y[MºKNHIO3b¸²���FJE�Ouµ¥KNM�h��cO¸W8��F�r.O�KXi�b¯¹L^.KNd.iK��[bLF�WLr.O#Ouµ¥KXq`WTEGOtbLhVFJd�bLO$��\.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�aJOtdUJ}ºWLr.O#OtZ]\jK�WGY[FId³P

ªTr.OQh¥KXELKNM�O¯WLOtEGb��{r_Y[qurq�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
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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$h.EGOtbLOtdJW�KNd�OuµjKNM�h_�[O{FN�nWLr�OgKNdjK@��}_bGY[b6FX�,K � ª bLq�KXd
FN��WLr.O�r.O�KNEoWG�9UVO�K�W#FN�TKi.FJH.^�KXqtZ]\_Y[EGO3i®�TY�WLr�WLr.O�|lK¯}JF � ��Ycd�Ycq��#¦_S ² qtFJ\�EoWLO3bm}<FX�
�¸E¯��S´YcqsrjKXEGi S�FJU.UV¹L��ª�F³qtFId.bGY[i.OtE#Ouµ�WLEGO3M�O�qtFId.i_Y�WGYcFId.b3^���O�WLEoY[Oti bL\�q3qtOtbLbG��\�����}�WLF
M�K@WLqur�i_Y[EGO3q`WG��}�WLr.OTi_Y¢KNbGWLFX��Y[qTKXd�i�bm}�bmWLFX��Ycq$�J� YcM�KNHJOtb3� 4od��jHI\.EGO %_^N��OTh�EGO3b£O3dIW6W8��F
qtFIEGEGO3b£hnFId.i_Y[d.HbG��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)�$r.FX�[O�b£O3Z]\.Otd.qtO�YcdIWLF�KXqtqtFI\.dIWpKNd.ilhVO3Eo��FIEGM)Ycd�H�WLOtM�hnFIELK�� �.��WLO3EoY[d.H.^,KNd.i
WLr.OqtFJd�bLOtEoaXK�WGY[FJd FN�{WLr�O³ELKNi_Y[F�KNq`WGY�aIO¨M�K�WGWLOtE¯� ªTr_Y[b)��KNbGW�qtFJd.bmWLELK�Y[dIWºbmWuK�WLOtb)WLrjK@W3^
�$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@�
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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$�[F_q@K@�jaXKNEoY¢K�WGY[FJdºFX�,WLr.O¸i.Otd.bmY�W8}J� 1 d¨KNh.h.EGF3µ�Y��
M�K@WGYcFId¤FN�gWLr�O��IKNq3FIU_Y¢KXd Ycb�WLF»\.bLOWLr.O�ELK@WGYcF»FX�#KNd¤O`�cOtM�OtdIWuKXEo} aJFN�[\.M�O�UVO`��FJEGO
KNd.i¨K@�¢WLOtE©WLELKNd.bG��FIEGM¨^]�$r_Y[qur�Y[b�O�KXbG})WLF)q3FIM�h.\_WLO��{r.Otd���O¸rjK¯aJO$WLr.O¸i_Y[bLh_�¢KXqtOtM�O3dIW
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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��YcqtOK��¢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���}
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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[qurY[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�
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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¥^�KxJy � � xJy � � ~@xI�
aIF3µ�O¯�[b�YcM�KNHJO�¹L�

ð�ð Û983:<;>=3?



x�% ���������
	��	����
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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�KNHJObGWGY����$d.OtO3i�b�WLF UVO³h�\_W�YcdIWLF q3FIEGEGOtbLhVFJd.i�O3d�q3O§�TY�WLr�WLr.O
FNWLr.OtE�q�KXbLOtb6WLF�O3bmWGYcM�K@WLO{aXKNEoY¢KXU_Y���Y�W8}�M�O@KNbL\.EGOtb3^�KXd�i¨KXb6WLr�O3EGO$Y[bTK@�cbLF�K�d.OtOti�WLF�h.\_W
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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�$W9��F�i�Y��0OtEGO3dIW�hjK@WGY[O3dIWLb3^��TY�WLr.FJ\�WºM�K@WG�
qsr_Ycd�H¥^���Y�WLrqtFJEGEGOtbLhVFJd�i_Ycd�H�hVFNYcdIWLbp²8KNEGEGF��$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$EGOtbL\_��WLb6�TY�WLr�FJd���}�x �QM)Ycd]\_WLOtb � D � WGY[M�O{FId¨K#qtFIdIaJOtdIWGYcFIdjK@���Qf �
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1 �[h.rjK§��FJEG°]bGWuK@WGY[FJd�^�WLrjK@W�Y[b3^�FId.O�FJEgW9��F�FIEGi.OtE�FN�TM�KXHId_Y�WL\.i.O���KNbGWLOtEQWLrjKNd��{r¥K�W
�TKNb�h.EGO`a]YcFI\.bG��}�EGOthnFIEoWLOti�² O`aJOtd¨M�FIEGO$Y���qtFIM�hjKXEGOti���Y�WLr§��r.FI\.EGb�FN��K)| 1 ¦�D 1 S¸¹L�
�$�¸qtFJ\�EGbLOX^�Z�\¥K���Y�WuK@WGY�aJO¨bmYcM)Y���KNEoY�WGY[Otb�i.F_Otb¡d.FNW�M�O�KNd Z�\¥KXdIWGY�WuK�WGY�aJOFJd�O3bt^(KXd.i»WLr.O
M�O`WLr.F_i.b#h�EGO3b£O3dIWLOtilY[d � ~��6FJE5� � �6M)YcHIrIW#HXY�aJO�UVO`WGWLO3EpEGO3b£\_��WLbgWLrjKXd®FJ\.EGb (0r.F���O`aIO3E¯^
bL\�qur¤K�Z]\jKNdIWGY�WuK@WGY�aJO�qtFJM�hjKNEoYcb£FJd»Y[b�r¥KXEGi WLF hnOtEo��FIEGM^©UnOtq�KN\.bLO���ObGWGY����$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�
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