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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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@°c/_vFa5b��p�ZtunT^¯�¬b~Pd�^udr{T^`drtudOv jPb�j`k�_qvTt�oZj`^ukmb�vTaqnT�mb�j`k�_qvTt®b}v>|#^`dranT�mb}^Wa^ukm|1tWb�^`d�ju�Td�c/_qtuj®~x_c/c7_vT�p�
nTt`d�|A¢�£Q^`kmb�vTaqnT�mb�jud3|�t`nT^��¬bq~PdrtWc�b3��i>d°_��Q~P_qc/{T�pdP��ju_{Z_�p_qa�5b}v>|��:nF^uju�Fdr^uc7_^udWc�b3��iZdz^ud56>vTd�|7_^
|1d3~Pkpc�b�j`d�| ��_T~rb}�p���1¢ S�nTj�o)kpjzkpt�^¨b}ju�Tdr^�|1kCB�~PnT�pjzj`_#�:_q^uc�b}�pk�¦Od(j`�Tdrkp^�|1dP�:_q^uc�b�jukp_qv±b}v>| tuc/_1_qju�TkpvTa
iZd�~rb}nTtudV_��5j`�Td�sb}^u�1kpvTa sqdr^uj`dP� ~P_vTvFd�~Pjukps1kpj�� ¢�g dranF��b}^/aq^ukm|1t�o°_v ju�Fd�_qju�Tdr^ �>b�v>|³oWc�b3�Vi>d
^`dr{T^udOtudrv1jud3| b}t S	�tu{F��kpvTdOt�o®b}v>|§ju�Fdrkp^�|1dx�:_^`c�b�j`kp_v	c�b3�	i>d7d�b�t`kp���+~P_qc/{TnTj`d�|A¢ H _�¤®drsqdr^�o�j`�Tdrkp^
~P_qvTvTd�~xjukps1k�j�� ~Ob�vTvT_qj�iZd/�p_T~rb��p�p�	b��pjudr^`d�| b}v>| �:nT^`ju�TdO^uc/_q^udo�j`�Tdr�+~rb�vFvT_j�^udr{F^udrt`drv1j#tunT^¯�¬b~PdOt5_}�
~PdO^uj¨b}kpv	ju_q{>_q��_qa�#¤Wkpju�F_nTj"dP�T�TkpiTkpjukpvTa�{>_q�pdrt�¢

8�vV_nT^�tukpc#nT�mb}jukp_v§judrt`jud�|³o®¤"d�^udr{F^udrt`drv1j�b��p�Wt`nT^��¬bq~Pd�c/_T|1dr�pt�¤Wkpj`� � �tukpc7{T�pdP��c/dOtu�Tdrt#j`�>b�j
b}^ud/|1n>b}��_��Wju^`kmb�vTaqnT�mb�jukp_qvTt�¢�£W�Td/|1n>b}��kpj���dP�>~`�>b�vFadrt�ju^`k�b}vTa�pdrt�kpv1ju_�sdO^ujukm~PdOt�o�d�|1aqdrt�kpv1ju_�d�|1aqdrt
b}v>|§sdr^`jukm~Pdrt#kpv1ju_�{Z_�p�1a_qvTtP�:t`drd��)kpanF^ud��Q r¢ @zv¥�:nTv>|Tb}c/drv1jPb���{T^u_q{>dO^uj��+_��z� �tukpc7{T�pdP��c/dOtu�Tdrt
kpt�j`�Tdrkp^�~x_vTt`j¨b�v1j5~x_vTvTd3~Pjukps1kpj��+d�lqn>b��pt�j`_	ju�T^`drd¢ £W�Tdr^udx�:_^`do®b}j(d3b~`� sqdr^uj`dP�¡o�¤®d�~rb�v |1d56>vTd�b
j`drju^Pb��Td�|«^u_v)o>b . ¬t`k�c7{T�pdP�¡o3¤Wk�j`�/b�sdO^ujudx�±b�vZ|�k�j`t�ju�F^udrd�vTdrkpaq� iZ_^`t�¢Q8�j�kpt�kpc7{>_q^uj¨b}v1jQj`_�vT_qjudzj`�>b�j
drsqdrv§ju�T_qnTa����¬t`kpc/{T�pdP�/c7drtu�TdOt�b}v>|�j`^ukmb�vTaqnT�mb�j`k�_qvTtzb�^`d5|1n>b}��ju_{Z_�p_qakm~rb��p�p�1oj`�Tdr��b}^ud�vT_qj�|1n>b��
aqdr_c7drju^`k�~Ob��p�p� ¢ �"_vTt`d�lqnTdrv1ju�p�1o�¤"d±~Ob�vTvT_qj/|1d*6>vFd±b}v kptu_qc/_q^u{T�Tkpt`c ju^Pb�vTt¯�:_^`c/kpvTa�b§� �tukpc7{T�pdP�
c7drtu��kpv1ju_#b�j`^ukmb�vTaqnT�mb�j`k�_qv¡¢

@ c�brwx_^Wb|1sb}v jPb�aqd(_}�®tukpc7{T�pdP�/c/drt`�Tdrt�kptzj`�Tdrkp^(b}iTkp��kpj��7ju_/iZd��p_T~rb��p�p��b}�pjudr^`d�|	¤Wkpj`�±b�tuc�b��p�
v1nTc#iZdr^"_��¡_{Zdr^Pb�jukp_qvTt�¢��+d°�>b3sd�|1d*6>vTd3|#�<_nT^�iZb�tukm~°_{Zdr^Pb�jukp_qvTt$RHST�VU+W �KX!YQY!Y&Xue; �j`�>b�j"adOvTdr^¨b}jud
b}���){>_qtut`k�iF��d�ju^¨b}vTt��<_^uc�b�j`k�_qvTtW¤W�Tkp�pd��drdr{Fk�vFa/ju�Fd . ¯~P_qvTvTdP�Tkpj���_��®b/��¬t`kpc/{T�pdP�/c7drtu���:t`drd/�)kpanT^`d
�K r¢�£W�Fd 6>^`tuj�j�¤"_�R+Z5b�vZ|[R]\#~x_^u^`drtu{Z_vZ|§^udrt`{>d�~xjukpsdr�p�+j`_�b�v§d�|1aqd�~x_�p�mb�{Tt`d�b}v>|���b~Pd�tu{T�pkpjuj`kpvTa
_q{>dr^Pb�j`k�_qvTt�¢�£W�F_tud�_q{>dr^Pb�j`k�_qvTtWc/_T|1k �:��ju�Td�|1drvFtukpj��#_���sdr^`jukm~Pdrt�b�v>|7b�^ud°an>b}^¨b}v j`drd�|7ju_��dOdr{�ju�Td
aqdrv1nTtW_���b�c/drt`��~P_qvTtujPb�v1j�¢7RH^�_{Zdr^¨b}judrt°_v#j�¤"_���b~Pdrtzb}v>|#^`drtunF��j`tWkpv/drkpju�Fdr^Wju�Td°c/dr^`akpvTa�_}�¡j�¤®_
��¬t`k�c7{T�pdP�#c/drt`�TdrtW_^"ju�Fd�~x^ud�b}jukp_v�_���b��>b�vZ|1�pd_�:kpv>~x^ud�b}tud�_}�Qju�Fd(aqdrv1nTtWv1nTc#iZdr^` O¢aRHb5~P_qvTtukptuj`tWkpv
~PnFjujukpvTa§b/c7drtu�+b��p_qvTa�b�~P_qv j`_nT^�b}v>|	^`drtunF��j`t5kpv§drkpju�TdO^�ju�Td#^`drc/_�sb}�¡_}� b7�>b}v>|1�pd���|1d�~P^`d�b�t`d/_}�
j`�Td�adOv nFtWv nFc#i>dr^� "_^Wj`�Td�iT^ud�b}�1k�vFa/b�c/drt`�/kpv1ju_#j�¤"_5{Tkpd�~xdrt�¢A@ ~P_qv j`_nT^W_qv	b5��¬t`k�c7{T�pdP�#c/drt`�
kptz|1d*6ZvTd�|	b}t(b�~P�T~P�pd�_���vTdrkpaq� iZ_^`kpvTa5sqdr^uj`km~Pdrt_�<tudrd#�)kpanT^`d .  r¢Q8�v�_^P|1dr^°ju_#{Zdr^��:_q^uc²ju�Td�tunT^`adr^`�
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2-Simplex Mesh

Triangulation

�)kpanF^ud#��E���¬t`k�c7{T�pdP�#c/drt`��b�vZ|�b�|1n>b}�Aju^`k�b}vTanF��b}jukp_v)¢

t`k�c#nF��b}jukp_v)o1¤®d�¤Wkp�p�¡nFtud�ju�Td R^�_{Zdr^Pb�jukp_qv	ju_7c/dr^`ad�tu�1nT�p�)�:^¨b}ac7drv1jutzb�vZ|�ju�Td RHb5_q{>dr^Pb�j`k�_qv	ju_
~PnFjzju�F_tud°�:^Pb�aqc/drv1jut3¢
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£W�Td�sdr^`jukm~Pdrt°_���b�tukpc7{T�pdP�/c/drt`��b}^ud�c/_�sqd�|�nTv>|1dO^zju�Fd(kpv;�ZnTdrv>~Pd�_��Qkpv1judO^uv>b}�Qb�vZ|/dx�«j`dr^uvZb��Q~x_v 
t`ju^¨b}kpv j`t�¢��Wt`kpvTa�b�c7d�~`�>b�vFk�~Ob��¡b�vZb��p_aq� oq¤®d�~rb}v7�:_^`c�b��pkp¦rdWj`�Td�c/dOtu�	|1dP�:_q^uc�b�jukp_qv#ju�Td°�:_q���p_�¤WkpvTa
�mb3¤�_}��c7_j`k�_qvFE

� 	 \�
 S
	� \ W���� 	 
 S

	���� �� S���� � ������ � �¨�! 
¤W�TdO^ud � k�t"ju�Fd�c�b}tut"_���b�sqdr^uj`dP��b�v>|��	ju�Fd�|Fb�c/{Fk�vFa��¬b~xju_^3¢
ª«k�c7{T�pdP��c7drtu�TdOt5�>b3sqd/b�~x_c/{Zb~Pj�b�vZ|+vT_qv ¯b}c#iTkpanT_qnTtzt`�>b�{Zd�^udr{F^udrt`drv1j¨b�j`kp_v&ju�>b}j5c�b��qdrt

j`�Tdrc ¤"dr�p��¬t`nTkpjud�|��:_^z|1dx�:_^`c�b�j`kp_vTt3¢9@Wjzd�bq~`�	sdr^`judP� 
 S _��Wb#� �tukpc/{T�pdP��c/drt`�¡oT¤"d5|1d56>vTd#ju�F^udrd
tP~rb��mb�^`tP� �KZ S X!�e\ S X#" S  °j`�>b�j�drv>~x_«|«d/ju�Fd#{>_qtukpjukp_v _�� 
 S ¤Wkpju�§^udrt`{>d3~Pj#ju_�kpjut�ju�F^udrd#vTdOk�aq�1i>_q^utP�<tudrd
6>aqnT^ud°e. O¢¡£W�TdA6Z^utuj"j�¤"_({Zb�^¨b}c/drj`dr^ut � � Z S�X!� \ S  �b}^ud  W�*#���	��L�*���%$ ��	�����#�) ¤W�Tdr^`d�b�t�"HS¡kpt�ju�FdWtukpc/{T�pdP�
b}vTa�pd�b�j 
 Su¢�£W�Td�t`k�c7{T�pdP��b�vFa�pdzkptW^udO��b}jud�|7j`_#ju�Td�|1kpt¨~x^udrj`d5c7d�b�v�~PnT^usb}junT^`d'& S,E

& S W t`kpv��("HS  ) S �¬�� 

¤W�TdO^ud ) S kptzju�Fd5^Pb|1kpnTt°_��®j`�Td5~Pkp^¨~xnTc/tP~P^ukpiZd�|	j`^ukmb�vFa�pdP� 
+*
,(- S/. X


0*
1�- S/. X


+*
23- S/.  r¢°£W�Td5dx�«{F^udrt`tukp_v_}�Qju�Fdzkpv1judr^`v>b��Z�:_q^¨~Pd �� S���� k�tW|1drt`kpavTd�|7j`_�~P_qv1ju^u_q�>j`�Td�tukpc/{F��dx��b�vTaq�pd(b�j 
 S b}v>|/~P_qvTtud3lnFdrv1ju�p�/kpjut
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T1= Edge Removal T2= Face Splitting

T1

T2

E

E1

E2

T3= Handle Creation / Mesh Fusion

T3

T4

T4= Handle Removal / Mesh Sectioning

�)kpanT^`d��
E�£W�Td°�:_nF^Wi>b�t`k�~°c7drtu�7ju^¨b}vTt��<_^uc�b�j`k�_qvTt

�����������
�����������
�����������
�����������End

Contour

�)k�aqnT^ud . E�£W¤®_#~P_v1j`_nT^`t(|1d*6ZvTd�|�_qv�b#� �tukpc7{T�pdP��c7drtu�
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� W ��Z S 
0*
,(- S/. � � \ S 
0*

13- S/. � �Q^ S 
+*
2!- S/.�KZ S � �e\ S � �!^ S W �
 SaW � � �T� ) S�X 	 S&X#"HS  �� S

�)k�aqnT^ud�e�E�gWdr�mb�j`kp_vTtWb�jzb�sdr^`judP�	_}��b#� �tukpc7{T�pdP��c7drtu�

c7d�b�v#~PnT^`sb�junF^ud¢�ª1dOsdr^Pb��ZdP�T{T^udrt`tukp_vFtW_��Aju�Td°k�v1j`dr^uv>b}�1�:_q^¨~Pdzb}^udz{Z_t`tukpiT�pdz|1dr{Zdrv>|«k�vFa�_v#j`�TdWj��1{>d
_}��~x_vTt`ju^¨b}kpv j`t�¤®d�¤Wb�v1jzj`_#drv1�:_q^¨~Pd¢°�T_q^Wk�vFtuj¨b}v>~Pdo³¤®d�¤Wkp�p�¡b�{T{T�p��b#tu�Zb�{Zd5~P_vFtuju^Pb�kpv1jz_qv±b��¬b~xd
c7_«|«dr�>¤W�Fdrv�tunTiTc7kpjujud3|#ju_�ju�Fd(c#nFt¨~P�pd(bq~Pjukp_qvTt�¢�£W�TkptW~P_vFtuju^Pb�kpv1jW¤Wkp���ZdrvTt`nT^ud�ju�>b}jWju�Td�^udOtunT�pjukpvTa
�¬bq~Pd#c/_T|1dO�¡kpt�b�t�~P�p_t`d�b}t({Z_t`tukpiT�pd�ju_�kpjut�_^`k�aqkpv>b��)tu�>b}{>d¢WJ°v§ju�Td#_qju�Tdr^��>b}v>|AoA¤W�Fdrv+c/dr^`akpvTa
j�¤"_#tu�1nT�p�A�<^¨b�aqc/drv1j`t�oq¤®d�¤Wkp�p�Ztuc/_1_qju�/iZ_j`�	c/_T|1dO��t"ju_#{Zdr^¯�:_^`c b�^`d�b��pkptuj`k�~°t`nT^uaqdr^u�1¢A@ |1drj¨b}kp��d3|
|1dOt¨~P^`k�{Fjukp_v	_}�Qj`�T_t`d�kpv j`dr^uvZb��Z�:_q^¨~Pdrt°c�b3��i>d��:_nTvZ|#kpv 1 �W� ªT� . 4u¢
£W�FdzdP�TjudO^uv>b}�A�:_q^¨~PdrtWkpv1judOa^¨b}jud°ju�Td�kpv1judr^Pb~Pj`k�_qv/iZdrj�¤"drdrv	b�c7_T|1dr�Ab�v>|�k�j`t®dOv s1kp^u_qvTc/dOv j3¢A£W�Td

nTt`dr^zc�b3�5kpv1judO^¨b~xjz¤Wkpju�	b�tunT^¯�¬b~Pd�c/_T|1dr�A¤Wkpju�7ju�Td�s kp^`jun>b}�A�>b�v>|7i1�#dP�Tdr^`jukpvTa�b�^udO{TnT�ptukpsd��:_^P~Pd¢
�FnT^uj`�Tdr^`c/_^`dob"c7_«|«dr�c�b3�Wi>d®|«dP�:_^`c/d�|°i1��bW�p_T~rb��q{>_qjudrv1j`k�b}��6>dO��|�~P^ud�b}jud�|#b}jAju�Td"vTdrkpaq� iZ_^`�T_1_T|
_}��t`_c7d(j`�T^udOd5|1kpc/drvFtukp_v>b}�K|Fb�j¨bF¢��+d�nTt`d5b�v	b��paq_^ukpj`�Tc�tukpc7k��mb}^�ju_K1 � H 8u�F�N4¡k�v�_q^¨|1dr^°ju_/~P^`d�b�j`d
�¬bq~Pd5b}v>|#t`� nF���)c/_T|1dr�pt��<tudrd#�)kpanT^`d��K r¢

b� i 
�)kpanT^`d(�
E¡b� �ª«� nF���Zc/_T|1dO���pd�|�¤Wk�j`�/b�� �tukpc7{T�pdP��c/drt`���iH ��>bq~PdWc/_T|1dO���pd�|�¤Wkpju�/b�� �tukpc7{T�pdP��c/drt`�
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CED CEDGF I �KJ�L7M � MONL
´�nFt¨~P�pdrtzb}^ud�^udr{F^udrt`drv1jud�|�¤Wkpj`� . �tukpc7{T�pdP��c/drt`�Tdrt�¢Q@ . �tukpc7{T�pdP�5c/dOtu�#kpt|«n>b��Zju_q{>_q��_qakm~rb}���p��_��Qb
j`drju^Pb��Td�|«^ukpt¨b}jukp_v+b�v>|7kptz~`�>b�^Pb~Pj`dr^ukp¦rd3|§i �7kpjutW�<_nT^z~P_qvTvTd�~xjukps1k�j��1¢"£W�Td�nTt`d�_�� . ¬t`k�c7{T�pdP�/c/dOtu�Tdrt
kpv#~P_v�wxnTv>~Pj`k�_qv#¤Wkpju�#� �tukpc/{T�pdP��c/drt`�Tdrt®b}�p��_�¤Wt)ju_�b�nFju_c�b�j`k�~Ob��p�p�(~P_qvTvTd�~Pj"b�{>b�^`j�_v�ju�Td"�¬bq~Pdzb�vZ|
kpjut"~P_^`^udrt`{>_qv>|1kpvTa�{>b�^`jQ_qv#ju�TdWt`�1nT�p�¬¢)�+d"�>b3sdW|1drsqdr�p_{Zd�|#b�v/b}��aq_^`k�j`�Tc ju�Zb�j�iTnTkp�m|1t®b . �tukpc7{T�pdP�
c7drtu��¤Wkpju�	b�{T^`drt¨~P^`kpi>d�| v1nTc#iZdr^W_����mb3�dr^`tWi>dOj�¤®drdOv�j�¤"_5aqkpsdrv�{>b}^ujut°_��®� �tukpc7{T�pdP��c7drtu�Fdrt_�<tudrd
�)kpanT^`d D� r¢

�)kpanT^`d D EQ@ . �tukpc7{T�pdP��c7drtu�7�pk�vF�d�|7ju_�j�¤"_/� �tukpc/{T�pdP�#c/dOtu�Tdrt

�"_qvTtud3lnFdrv1ju�p� oF¤®d�b�^ud�b�iT�pd�ju_7sb�^u�7ju�Td�ju�Tkm~`�1vTdrtut�j`�Td5c#nFt¨~P�pdz�mb3�qdr^ziZdrj�¤"drdrv§ju�Td�t`�1nT�p�Qb�vZ|
j`�Td���b~Pd��<_^¡dOvT�>b�vZ~PkpvTazj`�Td�^ud3b��pkptuc _��Tj`�Td��¬bq~Pd|«dP�:_^`c�b}jukp_v¡¢Z�T_q^¡kpvTt`j¨b�vZ~Pdob}jAju�Td"�p_«~Ob�jukp_qv(_}�Tju�Td
tP~rb��p{¡o�¤"dW|1d*6>vTdzb _vTd"�mb3�dr^`d�| . �tukpc/{T�pdP��c/drt`��¤W�Tdr^`d�b�t�i>drj�¤"drdrv#j`�TdAwrb3¤ b�v>|�k�j`t�~P_^`^udrt`{>_qv>|1kpvTa
{>b}^ujW_qv�j`�Td�t`� nF����oq¤®d�~P^`d�b�j`d�b�ju�F^udrd��mb3�dr^`d�|7c#nTt¨~P�pd¢

CED CED C � ���3��� � �/�}� MONL
8�j"kpt�kpc/{Z_^ujPb�v1j¡j`_�vT_qjudWju�Zb�j"ju�Tdz|1dx�:_^`c�b�j`kp_v�j`d�~`�TvTkmlqnTdrtW{T^`drtudrv1j`d�|7k�v#j`�Tkpt�{>b}{>dr^Wb�^`dz|1drt`k�aqvTd�|
�:_q^�tunF^uadO^u�/t`kpc#nT�mb�jukp_qv¡¢T£W�TdO^udP�:_q^udoFju�Td°vT_j`kp_v�_��¡c#nTtP~P�pdrt�kpt®|1k��Adr^udrv1j��:^u_qc ju�Td°_vTdWkpv1ju^`_«|«n>~Pd�|
i1�	£�dr^`¦r_{Z_nT�p_qt5b�v>| � b�j`dr^ut$1 £W� ��3�4uo�;zkmb�nZ|(1 ;zkmb�q�*4u¢WJ°v�j`�Td#_j`�Tdr^��>b}v>|AoA_qnT^�c/_T|1dr��_}�®�¬bq~Pd�
t`� nF���)kpv j`dr^¨bq~Pjukp_qv/kptz~P�p_t`d�ju_�� b�j`dr^ut$1 � b}j¨�q��4¯¢

;�dr^uj`k�~xdrt/_}��b . �tukpc/{T�pdP�+c/dOtu� b}^ud�c/_�sqd�|+b~O~P_^P|1kpvTa+ju_+j`�Td���b3¤ _��(c7_j`k�_qv+{T^udOtudrv1jud3|&kpv
d�lqn>b}jukp_v+�q¢¡�+d��>b3sqd(|1d*6ZvTd�|�j�¤"_��<nTv>~Pj`k�_qv>b��Ac7_T|1drt��:_^"ju�Td�c#nTtP~P�pdrt�¢�£W�Fd 6Z^utujWc7_T|1d(~P_qvTtukpt`jut
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kpv t`c/_1_j`�TkpvTa�ju�Td�sqdr^uj`k�~xdrt#_���b . �tukpc/{F��dx��c/drt`� t`n>~`� j`�>b�j�ju�Fdr�+vTkm~Pdr�p� 6>j�i>dOj�¤®drdOv�ju�Td7j�¤®_
{>b}^uj`t�¤W�Tdr^`d5j`�Tdr�+b�^ud#b�vZ~u�F_^ud3|A¢�£W�Td�c#nTtP~P�pd��>b�t�j`�Tdrv§vT_�k�v��>nTdrv>~xd5_qv�j`�Td���b~Pd�tu�>b}{>dq¢�£W�Td
kpv1judr^`v>b��³�:_^P~Pd�kptWju�TdrvXE
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�:_q^uc�b�jukp_qv�_}�®ju�Fd��¬bq~Pd�c/_T|1dr��oZju�Td�tu�1nT�p��iZdrkpvTa 6T�Td�|A¢��+d�ju�Fdrv ~P_vFtukm|1dr^�ju�Zb�j�b7tu{T^`k�vFa/_��W^udOtuj
�pdrvTaqju�����S � dP�Tkptuj`t�i>dOj�¤®drdOv d�bq~u�§sdO^ujudx�¥b}v>|	kpj`tz�<_nT^�vTdrkpaq� iZ_^`t�¢�£W�Td#^`drtuj��pdrvFaju�§kpt�~P_c7{TnTjud3|
¤Wkpju��j`�Td�{>_qtukpjukp_v�_}�Qd�bq~u��sqdr^uj`k�~xdrt�b3�:j`dr^Wju�Td�t`c/_1_j`�TkpvTa�{T^`_«~xdrtut3¢®£W�Fd(kpv1judO^uv>b}�A�:_q^¨~Pd�kpt E
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¤W�TdO^ud � � k�t°ju�Td�tujuk��AvTdrt`t(_}��ju�Td�tu{T^`kpvTat3¢W�+d��>b3sd5bq|T|1d�|±ju_#ju�Fd5t`{T^ukpvTa#c7_«|«dr��oTb/|1dr{Zdrv>|«drv>~P�_}��j`�Td�tuj`k �AvTdrt`t � � ¤Wkpju�7ju�Td�dr�p_vTa1b�jukp_qv��hS
��kpv/_q^¨|1dr^°ju_#c7_«|«dr�>j`�Td�vT_v ¬�pkpvTd�b}^ukpj��#_���ju�Td�t`�1k�v
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£W�Td/~x^¨b�vFk�_}�¬b~xk�b}�¡t`nT^uaqdr^u�§tukpc#nT�mb�j`kp_v/j`drtuj`i>d3|§�>b�t�iZdrdrv+{T^`_a^Pb�c7d�|�kpv � �mb}vTan>b}ad�_qv�b���y �
@°��{F�>b . 3�3�3��q��3�3�¤®_q^u�1tujPb�j`k�_qv¡¢)£W�Td�k�v1j`dr^¨bq~Pjukp_v�kptWtunF{T{T�pkpd�|7i �(E

G @ c/_qnTtud �:_^Wj`�Td�~P_c7c/_v�kpv1judr^¯�¬b~Pd��:nTv>~Pj`kp_v>b}��kpj`k�dOt�¢
G @ s kp^`jun>b}�¡^ud3b��pkpj���aq�p_�sd�ju_7k�v1j`dr^¨bq~Pj�k�v ju�T^`drd�|«k�c7drvTt`k�_qvTtz¤Wkpj`��j`�Td�tukpc#nT�mb�j`k�_qv/j`�T^u_qnTa��b
��	 �*# � �%�H� ����- �:t`drd5�)kpanT^`d_�� r¢

£W¤"_�ju^Pb~`�dr^`t/])_�p�Tdrc#nTt . ¯ª1{Zb~Pd��>b}tuju^Pb~`�+b�^ud 6T�Td�|§_v+j`�Td/aq�p_�sdo)_vTd#_qv+ju�Td��:_^`d*6>vTaqdr^
b}v>|§ju�Td7_j`�Tdr^�_v+ju�Fd/ju�1nTc#i)¢#£W�Tdr� ~P_qv1jukpv1nT_nTt`�p�	c/d�b}tunT^`d/j`�Td#{>_qtukpjukp_qv b�v>|§_q^ukpdrv1j¨b}jukp_v§kpv
^`dr�mb�jukp_qv#ju_5b}v5drc7kpjujudO^�i>_3�¡¢X8�v#ju�Td°tukpc#nT�mb�j`kp_v¡oOju�TdW_qiwPd�~Pj`tzb�v>|�ju�Td°s1k�^`jun>b}�T�>b}v>|#b�^`d(|1kptu{F��b3�qd�|
kpv���_qnT^¨b}n>|&t`�>b|1kpvTaZ¢ �+d��>b3sd§b��ptu_Vk�c7{T�pdrc/dOv j`d�| b§t`judr^`dr_�c7_«|«d�kpv&¤Wkp^udP�<^¨b�c7d�nTtukpvTaVju�Td
b}v>b�aq���1{T�7c/drj`�T_T|#j`�>b�jzb}���p_�¤WtWb5|«dr{Tju� {>dr^P~Pdr{Tj`kp_v¡¢
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24,�0�<�17=>8�1 /�?
J°v>~Pd°ju�Td�~rb��pkpiT^Pb�jukp_qv�{T^u_T~PdOtutz~P_qc/{T�pdrj`d�|Ao�j`�TdWs1k�^`jun>b}�T�>b}v>|��:_�p�p_�¤Wt¡j`�TdWc/_�sqdrc/dOv j`t¡_}�Kj`�TdW�>b�vZ|
_}��b�nFtudr^3oKbq~r~P_q^¨|1kpvTa#j`_#ju�Td�j`^¨b}vTtu�mb�j`kp_v	b�v>|7^`_j¨b}jukp_v7kpv1�:_^`c�b}jukp_v#t`drv1jzju_#j`�Td5~P_qc/{TnFjudr^Ws1kmb5b
t`dr^ukmb��A{Z_^`j�¢��F_^"d�b~`�7c/_j`kp_v¡o3ju�Fd�~x��_qtudrt`jW{>_qkpv j�k�v#j`�Td°�:_^`d*6>vTaqdr^W|1kp^ud�~Pj`kp_v/_}�Qj`�Tdzs1kp^uj`n>b��Z�>b�vZ|
kpt5~P_qc/{TnFjud�|§b�v>|§j`�Td/_qiwPd�~Pj�ju_	¤W�T_qc kpj�iZdr�p_vTaqt�kpt�~P_vTt`km|1dr^ud3| b�t�{>_qk�v1j`d�|A¢7���Tdrv+j`�Td/nTt`dr^
~P�p_qtudrt°�Tkpt®�>b}v>|Ao1j`�Td�~u�Zb�vTaqd(_}�Q|1kptujPb�v>~Pd�iZdrj�¤"drdrv	j`�Td�j�¤®_�ju^Pb~`�dr^`tzkptW|1drjud3~Pjud�|§b�vZ|#ju�Fd(s1kp^uj`n>b��
�>b}v>|�~P�p_t`drt(b}v>|#aq^¨b�iFtWju�Td�{Z_kpv1jud�|7_iwxd�~Pj�¢�£W�Tdrv¡oFju�Td�nTt`dr^zkptWb�iT�pd�ju_#c7_�sdWj`�Td�_iwPd�~xjzb�v>|7ju_
^`_j¨b}jud5b}^u_qnTv>|7ju�Td��>b}v>|�~Pdrv1judO^�¢:J°{ZdrvTkpvTa7ju�Td��>b}v>|7^udr�pd�b}tudrt°ju�Td�_qiwPd�~Pj �:t`drd5�)kpanT^`d >K r¢
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�)kpanT^`d >
E¡£W�Fd�s1k�^`jun>b}�A�>b�vZ|#kptWnTtud3|7�:_^z~xnTjuj`k�vFa/b�v>|�c/_�s1kpvTa�tu�1nT�p�Z�:^Pb�aqc/drv1jut

£W�Fk�tW{Z_kpv1jukpvTa�c/_T|1d°kpt®sqdr^u�	~P_qv sqdrvTkpdrv1j"�:_q^W�>b�v>|«��kpvTa�_iwxd�~Pjut3¢9S�nTj3oTkpj"k�tWj`_1_#k�vZb~r~PnF^¨b�j`d�ju_
t`dr�pd�~PjWb�{>_qkpv j3o3�:_q^QkpvTt`j¨b}v>~PdWju_�{>dr^¯�:_^`c b°{T^`d�~Pkptud�~PnTj`jukpvTaZ¢F8�v>|«drd�|Ao1b�tuc�b��p�^`_jPb�jukp_qv5_}�Kj`�TdW�>b�vZ|
c�b3�5�pd�bq|/j`_/b��mb}^uad�|1kpt`{T�mb~Pdrc7drv1j®_}�Qj`�Td�{Z_kpv1judr^W_qv�j`�Td�_iwPd3~Pj�¢
ª«_>oA¤"d#�>b3sd/|«drsdr�p_q{>d�|+b )5���!$���*�R�����*)���� E�_v>~Pd�b�v§_iwPd3~Pj5kpt�tudO��d3~Pjud�|³o�ju�Fd/~PnT^ut`_^�c/_�sqdrt

~P_qv1jukpv1nT_nTt`�p�	_v§ju�Td�tunF^��¬bq~Pd#kpv�j`�Td�|«k�^`d�~Pj`k�_qv+_��®j`�Td#s1kp^ujunZb����>b�vZ|A¢�£W�Td/|«k�t`{T�mb~PdOc/drv1jzsqd�~Pj`_^
_}�(ju�Fd/ju^Pb~`�dO^�o®|«d*6>vTd�|Vi1�+j�¤"_	tun>~O~Pdrtut`kpsd	{Z_t`k�j`kp_vTt�kpt�c�b}{T{>d3|§k�v1j`_�b�|«k�t`{T�mb~PdOc/drv1j�_qv+ju�Td
t`nT^��¬bq~Pd¢�£W�Td�tunT^¯�¬b~Pd�~PnF^utu_q^Wkpt®^`d�b��p�p�5j`^ukm|1kpc/dOvTtukp_vZb��>b}t®j`�Td�nTtudr^WkptWb�iT�pd°ju_�c/_�sdW_qv#ju�Td�¤W�T_q�pd
t`nT^��¬bq~Pd�E"kpv/{>b}^uj`k�~xnT�mb�^�oF�Td�~rb�v {Tkm~u�#{Z_kpv1jutWj`�>b�jzb}^ud��Fk�|F|1drv7�:^u_qc�ju�Fd�nTtudO^z¤Wkpju�	b�tunF^u^u_qnTv>|1kpvTa
aqdrtuj`nT^ud¢��TnF^uju�Fdr^uc7_^udqo>i1��~`�>b}vTakpvTa#tP~rb��pd�i>dOj�¤®drdOv+ju�Td�c/_�sqdrc/drv1j`t®_}�®ju�Td�^ud3b����>b�vZ|	b�v>|±ju�Td
s1kp^uj`n>b��T�Zb�v>|Ao}ju�Tdz~PnF^utu_q^~Ob�v#iZdzb�t�{T^ud3~Pkptud(b}t�{Z_tut`kpiT�pd¢F8�v#~P_qv>~P�pnTtukp_qv¡oj`�TdWtunF^��¬bq~Pdz~PnT^`tu_^"�dOdr{Tt
j`�Td�tu¤Wk �:j`vTdrt`t(b�vZ|#ju�Fd�{T^ud3~Pkptukp_v�_���ju�Td�c/_nFtudziFnTjWkpv�j`�T^udOd5|1kpc/drvFtukp_vTt3¢
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BH0�243 /
17=42�0�2&(a-
@Wj°ju�Td�i>dOakpvTvTkpvTa#_}��j`�Td�tukpc#nT�mb�j`k�_qv¡o�j`�Td5nFtudr^�|1kptu{F��b3�1tWj`�Td�tunF^��¬bq~Pdrt�_}��j`�Td�t`� nF����b�v>|±ju�Td��¬b~xd
_}�j`�Td5{Zb�jukpdrv1j�tudOac/dOv j`d�|7�:^`_c��"£ uªT~rb}v¡o¡´	g 8z_^ �"�1i>dr^`¤b}^ud¢WJ°v§i>_qju�§tunT^¯�¬b~PdOt�o)�Td5t`dr�pd�~Pj`t
¤Wkpju� ju�Td�c7_nTt`d�_^Wju�Fd�tunT^¯�¬b~xd�~PnF^utu_q^�ju�Td�_q{T{Z_tukpj`d�{>b�^`jut°�Td�¤Wb�v1jutWj`_/�pkpvT�#¤Wkpju�	c#nTtP~P�pdrt�¢ H d
j`�Tdrv/b~xjukpsb�j`drt�ju�TdWc#nTtP~P�pdrt¡iFnTkp��|«k�vFaz{T^`_«~xd�|1nT^`dzb�v>|�drv1judr^`t®j`�Tdrkp^�{>b�^Pb�c7drjudr^`tT�:v1nTc#iZdr^¡_}�>�mb3�dr^`t�o
t`juk��KvFdrtut#~P_d5B�~Pkpdrv1j` �<tudrd/�)kpanT^`d��K r¢T@Wj(j`�Td#drv>|³o¡j`�Td5c#nFt¨~P�pdrt�b�^`d5t`c/_1_j`�Td�| ju_7^udraqnT�mb�^u�p�76Z���
j`�Td�tu{Zb~Pd�iZdrj�¤"drdrv	j`�Td�j�¤"_5{Zb�^uj`t�¢
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�)kpanT^`d©�
E�� ��� � � L�� � �;L � � �§£W�Td©|«k �Adr^`drv1j�{Zb�^uj`t�_v�j�¤"_+c/_T|1dr�pt#j`�>b�j	b�^`d�b�j`j¨bq~u�Fd�|�¤Wkpj`�
c#nTtP~P�pdrt � � M�� �¡�°£W�Td�c#nTt¨~x��dOt�oq�¬bq~Pd5b�vZ|#tu�1nT�p�Ac7_«|«dr�pt

8�vC_^¨|«dr^�ju_ ~xnTj�ju�Td§tu�1nT�p��oWju�Fd�nTt`dr^�|1^Pb3¤Wt�bV~PnTjuj`kpvTa&��kpvTd drkpju�Tdr^	b}��_qvTa+ju�Fd©~P_qv1jukpv1nT_nTt
{>b}ju��_}��ju�Td	t`nT^���b~Pd�~xnT^ut`_^�o°_^/b}�p_vTa+t`drac7drv1jutzwP_qk�vFk�vFa�{Z_kpv1jut#t`dr�pd�~Pjud3| c�b�v1n>b}�p��� ¤Wk�j`�&ju�Td
c7_nTt`d¢ @ ~P_v1j`_nT^7k�t#j`�Tdrv ~x^ud�b}jud�|Ao tu{T�pkpjuj`k�vFa�j`�Td	_iwxd�~Pj/kpv1ju_§j�¤"_+k�vZ|1dr{Zdrv>|1drv1j7{>b�^`jut/j`�>b�j
^`drj¨b}k�v+j`�Tdrkp^�kpvTkpjukmb}�Qb�j`ju^`k�iFnTjudrt3¢ �"nTj`jukpvTa	~rb�v§iZd��:_^`iTkm|T|1drv bq~r~P_^P|1kpvTa�ju_�ju�Fd#_iwPd�~xj�ju_q{>_q��_qa�1¢
�)kpv>b��p�p�1oT¤Wkpju�§ju�Td#s1kp^uj`n>b����>b}v>|AoAj`�Td#nTt`dr^�c/_�sqdrtzj`�Td#|1k��Kdr^`drv1j�tu�1nT�p���<^¨b�aqc/drv1j`tzju_�c7_«|«k �<�#ju�Td
t`� nF����tu�>b}{>d¢ JzvZ~Pd#ju�Td/~xnTjuj`k�vFa�{F^u_T~Pdrt`t5kpt�~P_c7{T�pdrjud3|AoAc#nTtP~P�pdrt�|1dP�:_q^uc j`�Td��¬b~Pd/bq~r~P_q^¨|1kpvTa�ju_
j`�Td	tu�1nT�p�"c/_T|1kC6K~rb}jukp_vFt�¢ @²^udrvZ|1dr^ud3| b}v>|+j`dP�TjunT^`d�¬c�b�{T{Zd�|Vkpc�b}adrt�_}�(j`�Td	|1dP�:_q^uc/d3|§�¬bq~Pd�k�t
|1kpt`{T�mb3�d�|7kpvW6>aqnT^udOt5��3�b�vZ|��q�
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£W�TdWc�b�kpv�b|1sb}v1j¨b�aqd�_��As1kp^ujunZb��1^ud�b}�pk�j���ju_1_�pt¡kpt�ju�Fdrkp^®b�iTkp�pkpj��zj`_({F^u_�s1km|1d®kpv1junFk�j`kpsd�j`^ukm|1kpc/drvFtukp_v>b}�
kpv1judr^Pb~Pj`kp_v¡¢ �Wdrsqdr^uj`�Tdr�pdrtut3oA¤"d�|«_#vT_jWnTt`d5b�jWj`�Td�c/_qc/drv1j®b�t`judr^`dr_tP~P_{Tkm~�s1k�t`n>b��pkp¦�b}jukp_v#t`� t`judrc
iZd�~rb}nTtud�ju�TdOk�^°^udrt`_�pnTj`k�_qv�k�t"vT_qjW�Tkpa��drvT_qnTa�7�:_q^Wc/d�|1km~rb}�>_qiwPd�~Pj`t�¢W�FnT^uj`�Tdr^uc7_^`dz�<nT�p�>j`^ukm|1kpc/drv 
t`k�_qv>b���kpv1judr^Pb~Pj`kp_v	^`d�lqnTkp^udrt5b}v	kpc/{Z_^`j¨b�v1jWb�v>|±dP�T{>drvFtukpsd#aq^¨b�{F�Tkm~��>b�^P|1¤Wb�^udq¢=@zv	dP�Tj`drvTtukp_qv�_}�
_qnT^�tu�1t`judrc ¤"_nF��|§kpv>~x��nZ|1d/b��:_^P~Pd�b}v>|§j¨bq~Pjukp�pd��:drd�|«i>b~`�+ju_�aqnTkm|1d#ju�Td7nTtudO^5¤Wkpju�+c7_�s1k�vFa#ju�Td
|1k��Adr^udOv j°tu�1nT�p�Z�:^Pb�ac7drv1jut3¢

8�v7ju�Td°�:nFjunT^`doT¤"dz{T�mb}v/ju_�kpc/{T^`_�sdW_qnT^®j`drtuj`i>d3|	b�v>|�kpv j`dra^Pb�j`d(t`_c7dWju_1_�ptW|1drsdO��_q{>d3|/kpv7ju�Td
y�{Fk�|Fb�nT^`d�{T^u_3wPd�~Pj$E

G ´�d�b}v±~xnT^usb}junT^`doA|1kptuj¨b}v>~Pdrt3o>b}vTa�pdrtWc7d�b�t`nT^udrc7drv1jutWb�v>|7s1kptun>b}�pk�¦3b�jukp_qv¡¢
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