
HAL Id: inria-00099478
https://inria.hal.science/inria-00099478

Submitted on 26 Sep 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.

On the worst-case complexity of the silhouette of a
polytope

Helmut Alt, Marc Glisse, Xavier Goaoc

To cite this version:
Helmut Alt, Marc Glisse, Xavier Goaoc. On the worst-case complexity of the silhouette of a polytope.
15th Canadian Conference on Computational Geometry - CCCG 2003, 2003, Halifax, Canada, 4 p.
�inria-00099478�

https://inria.hal.science/inria-00099478
https://hal.archives-ouvertes.fr


���������
	���
��������������
�������������! "�$#%�'&(���)�*�� +�+����,��-���.�/�'&0�1�2�3�"#4�.�3�2�

57698;:=<.>@?�8A>)B CED$FHGJIK8;LNMOMH6QP R)DTSUL;69F7IQV�DWVUGQX
CEDZY\[T]�^-_W`a`a]

bdcfehgTikjmlWg
n2o�prqtsrovu�wrx$yTq{z"q|whx�}�~kx�yko��m���kq�u���z"�ko���wr��}�z���uO�r}�o�}�q|�Oo�wr�
z���o�}�qt�t�kwr~ko�z�z"o�w����'�$wh�|�9z"wr�Wo�qt}�}�~k�k�N�tq|x�oO���H�Un2o��k�"w�sZqtyko
o��k�r�����|oH}���q{z"���|qtxkoO�r�@}�qt��oQ}�q|�t�kwh~ko�z�z�oQq|�3�rxZ�(w���z��koH}�o
u�whx�yTq|z�qtwrx�}fq�}f�"o������ToHy����f~k�f�Wwr~�x�yk}'���"o�z"�ko��$�"}�z�x�wrxT�
z��"qts9q������$wh~kx�yk}@��wr�@z"�koK��wr��}�z���uO�r}�oQu�wr���k�to��Tq|z�� wr�3}�qt�{�
�kwh~ko�z�z�oO}O�

¡ ¢h£ gTik¤�¥�¦�lWgk§�¤ £
¨ qtsro�x!��sZq|oO���$whq|x9zH©hz"�kof�r�k���r��oOxhz��$wh~kx�yk�r����w��U���$wh�|�9�
�koHyT��whx�©Uwh��ª+«­¬ ®k¯�°�±�²N²�±�©.qt}'z"�ko7}�o�z�wr��oHyTproH}'q|x�u�qtyko�x9z�z�w
��sZqt}�qt�k�|o��A�hu�o���x$y��rx)q|xZsZqt}�qt�k�|o'whxkor³����A�hu�o3���kw9}�o3}�~k�T�
�Wwr��z�qtxkp´���t�rxko2u�wrx9z"�rq|x$}@z"�ko=s9qto����Wwrqtx9z�q�}Qu�whx�}�qtyToO��oHy
qtx9sZq�}�qt�k�tor�.n�q{z"��z"�kq�}myTo���x�q{z"q|whx�©�z���ov}�qt�|�kwh~ko�z�z�ovq�}m�f}�q|���
�k�to�u��twh}�oOy�u�~k�"sro�wrx�z"�ko�}�~����A�hu�o�w��kz"�kov�$wh�|�Z�koHyT��whx�z"����z
}�o����r�"��z�oO}�sZq�}�qt�k�to'�rx�y�q|xZsZq�}�qt�k�tof�A�hu�oH}��
µ q|�t�kwh~ko�z�z�oO}¶�r�k�WoO���=qtx�s·�r��qtwr~$}J����wh�k�|oO�4}Jqtx�u�wr���

�k~Tz"o���ph�"�r�k�kq�u�}O©Z}�~�u��)�r}��kq�ykyToOx)}�~k���A�ru�of�"o���w�s����m¸ ¹�º�wr�
}����ryTw��»u�wr���k~kz"��z"q|whx�}@¸|¼�©�½�ºN�@¾v�ko4��w9}�z�u�wh����whxJpho��
wr��o�z��"qtu3����qt��q{z"q|shoO}����"o��$wh�|�Z�koHyT���k©a}�w7�7�$o�z�z"o���~kx�yToO���
}�z"��x$yTq|x�p¿w���z��ko)}�qt��o!w���z"�ko�qt�4}�qt�|��wr~ko�z�z�o!�Zq|oO�tyk}�yTqt�"oOu+z
qt������w�sho���o�x9z@qtxdz��koQz"�ko�wh��o�z�q�u��r��u�wh�����|o��Zq|z�� wr�����tprw��
�"q{z"�k�4}�q|x)u�wh���k~Tz�oO��pr�������kqtuO}��
À-���ru+z"qtuO����wr�$}�oO��s���z"q|whx�}O©�}�~k�k�Wwr��z�oHyÁ�9�Á��xÁo��T�Wo��"q{�

��o�x9z"�r��}�z�~�yk�!�Z�)Â'o�z�z"xko��f��x�y)n2o��t����¸ Ã�ºN©W}�~kphproH}�z�z"����z
z���o�xZ~k�Ä�$oO��wr��}�qt�|��wr~ko�z�z�o�oOyTphoO}�w������$wh�|�Z�koHyT��whx�q�}U~�}�~T�
���t�t�´�Ä~�u��Å}��4�r�|�to��4z"����xdz"�koQz"w�z"�r��xZ~k�Ä�$oO�7w��3oHyTproH}��
Æ�w���o�sho��H©�wrx��|�Jwrxko�z"�ko�wh��o�z�q�u����Ç��oH}�~k�|z����hu�ÈZ}�~k�=z��koH}�o
wr�$}�oO��s���z"q|whx�}OÉ�q|xJz��ko�}"����oÄ�$���Wo��H©aÂ'o�z�z"xko��3��x$yKn2o��t���
�k�"w�sroHy)z�����z��!�Wwr�t�Z�koOyk�"�r���r�k�k�"w·�Tq|�4��z"q|whxKw��v�!}��k�koO��o
��q|z��7Æf��~�}"yTwr��Ê�ykqt}�z"�rx�u�o�ËÇ���h}�Ì�Í·ÎÏ�Ð-oOyTphoO}O©9�rx�y4������xT�
yTwh�Ñwr��z��kwhpr�����k��qtu�}�qt�t�kwr~ko�z�z"o3���r}�}�q|�Oo�Ì�Í ÎÒ Ï Ð��ÓÔx!z"�kq�}������Wo��H©T��o3q|xZsroH}�z"q|p9��z"o�z"�ko3��wh�"}�z�u��r}�o3}�qt��o3wr�
z���o¿}�qt�t�kwr~ko�z�z"o¿w����=�Wwr�t�9z�wr�WoKwh��}�oO��shoOyÕ~kx�yko��7wh��z"�kw��
pr�������kqtu)����wrÖ�oOu+z"q|whx��×n2oK�k�"w�sro�z"����z!}�wr��oKu��t�h}�}�oO}4wr�
�"o�pr~��t�r���Wwr�t�9z�wr�WoO}v�$�·sro�wr��z��kwhpr�����k�kq�u�}�q|�t�kwh~ko�z�z�oO}v��q|z��
Ø�ÙWÚ�Û�ÜÞÝ�ßOà�á"â�ãHäÔå�ækç�æ�èOé�ê�ë�ì�áOäÔå�ç�í�ë
î"ïkð�ñUò­óQô3õÙWö�÷+ÝÞø-ùU÷+úNÚ�Û�ÝÞø.ûOü·ý õø�úNÜÞø�ü·ú;ø+þ·ÿ��Hþ·ú;ü·ø���� �UÝÞÚ'þ��	��
�
��
� Û�úNÜ�
�þ���úNÛ	�·ö�ø��$ÙWÚ�Û�ÜÞÝ�ß	�·à�ì��9ç���áOä����"ë+ã+ë"å��9ç�æ+ì� ïkð�ñUò­ó ô ù�Û	�·ö�� P þ�� B �Hþ úNüHø��·ü ��Û�ú!�·Ü��#"a÷ ô
$ Û	�·Ü�%OüHø�þ&"'� � � B 
 B þ&��ÿ���
 P)( ÜÞÝÞÝÞø�ú*
 ô ÝÞø+
 ô ù.Û	�·ö���þ���úNÛ	�·ö�ø��ÙWÚ�Û�ÜÞÝ�ß-,�à	.·ä�ë�ìkç��-/�à�/��"ã�á�/"ì·ä�àTç�æ+ì

}�~k�T���tq|xkoH���Çu�wr���k�to��Tq|z���qtx4z��ko���wh�"}�z��Ôu��h}�oh��nJo�����}�w3phq|sho
o��k�����k�toO}v��q|z��Q�tq|xkoH����}�qt��o�}�q|�t�kwr~�o�z�z"o3���ko�xK�rxZ�7w���wr~��
�"o�ph~k�����"q{z��Ku�wrx�yTq|z�qtwrx$}�q�}3��oO�t���ToOy�©��ko�x�u�o7}��kw���q|x�p)z�����z
z"�ko��´���"o!��qtxkq|�4�r�;��n2o)��wh��È¶whx´�Wwr�t�9z�wr�WoO}�z"w(�·srwhqty
z"�ko7����wh�k�|oO�4}�qtx�yT~�u�oOy¶�Z�=}�oO�{�­��wTu�u��t~�}�q|whx�©m��x�y(~�}�o7wr���
z"�kwrph�"�r�k�kq�u�����wrÖ�oOu+z"q|whx)�$oHu���~$}�o3wr�.q|z"}��"o�����z"q|sho3}�qt���k�|q�u+�
q|z��r�
�f~k�Ç�r�k�k�"wh�hu���q�}mz"wÄu�wrx�}�qtyko��mz"�ko�wh��z"�kwrphwrx��r�T�k��wrÖ�oOu��

z"q|whx¿wr�-z��ko��Wwr�t�9z�wr�Wo�wrx2�7�k����x�or©�}�q|x�u�o�z"�ko��$wh~kx�yk�r���
wr�mz��ko��k�"w�Ö�oHu+z�oHy)�$wh�|�ZphwrxKq�}�z"�ko��k��wrÖ�oOu�z�qtwrxQw��Çz��ko�}�qt�{�
��wr~ko�z�z�oh�3nJo���oO�h}�~���o�z��ko��|oOxkp�z"�¿wr�-z��ko��Wwr~kx$yk���"�)w��
z"�ko7wh��z"�kwrphwrx��r�Ç�k�"w�Ö�oHu+z"q|whx¶w��f�J}�qt�|��wr~ko�z�z�oh©-���kq�u��(��o
uO���t�-q|z"}10�2324065"±�7$²�¬t±�798�²�®�³-z��koOx(��o@}��kw��Áz��$��zÄ�)z"��q���xk�
ph~k����z�oHy¶�A��z�wh�TÖ�oOu�z���q|z��;:×oHyTproH}�wr�f�to�xkprz��dÌ�Í�¼HÐÄ���h}
}�qt�|�kwh~ko�z�z�oH}4��q{z"�=<�Í!> :UÐ4�r�k�����"o�x9z4�to�xkprz����E¾v�ko�xd��o
yko��"q|sho��Wwr~kx�y�}�whx@z"�ko'x9~����Wo��vw���}�qt�|�kwh~ko�z�z�o'oOykproO}O©9~�}��
qtxkp7�rxK�rykykq{z"q|whx����.u�wrx$yTq{z"q|whxQwrx)z"�ko��"o����r��z"q{z"q|whx)w��mz���o
ykq|�"oOu�z�qtwrx�}�w��.z���o3oOyTphoO}O�
¾v�kq�}����r�$oO��q�}�wh��p9��xkqt��oHyJ�h}3��wr�t�tw���}��@?.q|��}�zO©�q|x µ oOu+�

z"q|whxÅ½T©���oQ�"o�sZqto�� }�wr��oQo��T�r���k�|oH}4w��'qt�|�|��}����r�$oQ�Wwr�t�9�
z"wr�WoO})��q|z�� }�qt�t�kwr~ko�z�z"oO}Qwr�Ä�tq|xkoH���Qu�wh���k�|o��Tq{z��h�BA�o��ZzO©
µ oOu+z"q|whxDCQ}�z"~�yTqtoO}3z"�ko7�r�k�����"o�x9z3�to�xkprz��¶w��vz"�ko7}�q|�t�kwr~k�
o�z�z"or©Z��x�y µ oOu+z"q|whx4¹��"o�����z�oH}-q|zÇz"w3z��kofxZ~k���Wo���w��U}�q|�t�kwr~k�
o�z�z"o�oHyTproH}��FEU�r}�zO© µ oOu+z"q|whx=Ã!yTq�}�u�~�}"}�oH}fo��Zz�o�x$}�qtwrx�}'�rx�y
�r�k�k�tqtuO��z"q|whx�}�w���wr~k���"oO}�~k�|z"}O�

G H §�i$ergJILKvjNMPORQSIUe
¾v��o¿prw9���fw���z"�kqt}����r�$oO�!q�}!z�w ��x�y×u�wrx�ykq{z"q|whx�}7~�x�yTo��
����qtu�� �Wwr�t�9z�wr�WoO}(���·sroÅ}�~k�T���|qtxkoH��� }�q|�t�kwh~ko�z�z�oÅqtx z���o
��wr��}�z��Ôu��r}�or�
¾v�kq�}K}�oOu�z�qtwrxEo��k����qtxkoO})z"�k�"o�o¶o��k�r�����|oH}
wr�Uqt�|�|��}����r�$oHy@�Wwr�t�hz"wr�WoO}v��q|z��)}�qt�t�kwr~ko�z�z"ofwr���tq|xkoH����u�wh���
���|o��Zq|z��r©��rx�ydqt}�wr����z"oO}4���$��z7�4��ÈhoO}�z"�ko�� o��T�kqt�kq|z7z"�kqt}
�Wo��$�·s9qtwr�H�

?.q|ph~k�"o�¼hÉNT�x)o��twrxkp9��z"oOy!�$wh�|�9z�wh�$oh�

¼



¾v�ko�o��k�����k�tovw�� ?�qtp��T¼�q�}mu����r�"�hu+z�oO��q�}�z�q�u-w��a�Wwr�t�hz"wr�WoO}
��~$u����twrx�pro��-�r�|whxkp'wrxko�ykq|��o�x$}�qtwrx�z"����x4���twrx�pfz"�ko�wrz��T�
o���}O��¾v�kq�}.È9qtx�yÄw����Wo��$�·s9qtwr��u��rx��Wov��~k�toOy�wr~Tz��Z��u�whx�}�q�yZ�
o��"qtxkp � 0�²��Wwr�t�hz"wr�WoO}O©rqN� oh���$wh�|�9z�wh�$oH}-}�~�u���z�����z-z��ko��"��z�qtw
w��mz"�ko��"�hyTq|~$}�w��mz"�ko�}��4���t�toO}�zfo�x$u��twh}�q|xkp@z�w@z"�ko��t�r��phoO}�z
o�x$u��twh}�oOy�}��k��o��"o�q�} <�Í�¼·Ð+�

?.qtpr~k�"o�½TÉNT �Wwr�t�hz"wr�Wo3��q{z"�)~kxko�sho�x�oOyTphoO}O�
�f~k��}�oOu�wrx�y�o��T�r���k�|oÄÍA}�o�oR?.qtp��T½rÐ�qt�t�|~�}�z�����z"oO}-z��ko�q|���

���hu+z�wr��z"�ko@�to�xkprz��¶whx=z��ko!oOyTphoO}3w�sho��'z���o7}�qt�t�kwr~ko�z�z"or�
¾v�koJ�"��z�qtw(w��3z"�ko¿�to�xkprz��Åwr�3z��koJ�|whxkproH}�z!oOyTphoQz�w z��ko
�to�xkprz��7wr��z���o'}��4���t�|oH}�zvq�}�wr�Uwr��yToO� :m©9z���ofz"w�z����axZ~k���Wo��
w��f�$whq|x9z"}O�(¾�w2�·shwrq�y¶}�~�u��´�$oO���·sZq|wh�"}O©m��o7�"o��9~kqt��o!wr~k�
�Wwr�t�hz"wr�WoO}'z"w)���·sro���¯�° 7��r±��¿±��-89±�ª�©.qN� oh�4z�����z����t�moOyTphoO}
���"o'w��.�|oOxkp�z"�KÌ�Í�¼HÐ��

?.q|ph~k�"o CkÉ�T×�Wwr�t�9z�wh�$o���q|z����'�A�ru�o�wr���t�r��pho�u�wr���k�to��Tq|z��r�
�f~k�����r}�z�o��k�����k�tor©�q|xJ?.qtp�� C�©�o��Z��q|�kq|z"}��)�|qtxkoO�r���Ô}�q|�Oo

}�q|�t�kwr~�o�z�z"ofyT~�o�z�w��A�ru�oO}-��q|z��7wr��yTo�� :QoOyTphoO}O��n2o�z"�ko��"o��
��wr�"o@u�whx�}�qtyToO���Wwr�t�9z�wr�WoO}���q{z"�¶�A�ru�oO}�wr���$wh~kx�yToHy¶u�wr���
�k�to��Tq|z��r�.n�q{z"�kwr~Tz��|w9}�}-w��apro�x�o������tq{z��h©���of}�qt���k�|���r}"}�~���o
z��$��z�wr~����$wh�|�9z�wh�$oH}����"o�z��"qt�rxkpr~k����z"oOy��
¾v�kqt}!}�o�z!wr�3u�wrx�ykq{z"q|whx�}@q�}7��qtxkqt���r��qtx×}�wr��o¿}�o�x�}�orÉ

oO�hu���w��3z"�ko¿�k�"o�sZqtwr~�}7o��k�����k�toO}!}���z�q�}��$oO}7�r�|���k~Tz�wrxko
u�whx�yTq|z�qtwrx��

ÓÔxJ}�~k���4���"�r©aqtx¿z"�koÄ�"oO}�z'w��-z"�kqt}'�$���Wo�����o�u�whx�}�q�yToO�
²!5+« 06798�°T¬ 0�²Ô±	� � 0�²v�Wwr�t�hz"wr�WoO}v��q|z��
��¯�° 7��r±��7±��-89±�ª��

� b O Ofj�i I £ g Q+I £
� g��
��oOu��r�|�Çz�����zÄz"�ko)���k���r��oOx9z��|oOxkp�z"�(w���z"�ko)}�qt�|��wr~ko�z�z�o!qt}
yko���xkoHyQ�r}vz"�ko��to�xkprz��Qwr�.z"�ko�wh��z"�kwrphwrx��r�W����wrÖ�oOu+z"q|whx)w��
z"�ko@}�q|�t�kwr~�o�z�z"o�wrx¶���k�t�rxkor�4ÓÔx2z"�kqt}�}�oHu+z�qtwrxU©U��o��"o�����z"o
z"�ko'xZ~k���Wo��vw��.oOyTphoO}�w���z��ko3}�q|�t�kwh~ko�z�z�o�z�w�q{z�}����k�$���"o�x9z
�to�x�p�z��U�
n2o��$�"}�zm��oHu����t�T�'u����r}"}�q�u��r�9�"oO}�~k�|zmwrx���oH�r}�~k�"oO}.w��au�wrxk�

sho��7}�o�z�}�� T �k�"wZw���u���x��Wo'��wr~kx�y�qtx¶¸ ��º Î �
�����
�
���������! #"�$&%' )(+*,�-�/.103240�$�56�	7
0,*98:�62��<;>=?$
@BADCFE:�4;HGJI
@BKMLN;9O,2QPD�RPS"��! T2:06$��<"U=F$S;V >(HIXW�PY��$Z�RP��
[ ��$�\S�RP]CFE:�4;HGJI1"UE4�9"6L^06_B`& a=b; [ "�Ec\,�4Ed�ePS"�$3�RPY",��06_B`f )(<I
?kwh�Ç�'�Wwr�t�hz"wr�Wohg@©r�to�zji@ÍkgÄÐÇyTo�xkwrz�o�q|z"}�}�~����A�hu�o����"oO��©

�rx�y�l�ÍkgÄÐ7�$oJz��ko2�4���Tqt��~k� �r�k�����"o�x9z7�to�x�p�z��0w���q|z"}
}�qt�|�kwh~ko�z�z�oH}��¶¾v�ko!��wr�t�|w���qtxkpJ�|oO���4�¿��oO�t��z�oO}�z���wh}�o7z���w
�9~��rx9z�q|z�qtoO}O�
�����
�
�nmXo/_pgq=b;
">_R"��pG�0 [sr �/0:GB�utp�ePY��$

l�ÍkgÄÐ1vEÌ�Íxw i@ÍkgÄÐ�Ð4y
z 5�¯O¯ �:{ E�o�z}|¿�$o�z���o!���ryTqt~�}�w���z��ko��kqtprproH}�z�o�x$u��twh}�oOy
}��k�koO��o¿w��!g@©��rx�yX~�|¶�$o¿z��ko2�"�hyTqt~�}@wr�3z��ko=}��4�r�|�toO}�z
oOx�u��twh}�qtxkp�}��k�koO��oh� µ q|x$u�o+g»q�}v�A��zO©S~)q�}�Ì�Í�¼·Ð+�
?.q|��}�zO©���o �r�k�k�t� EUo����4�\¼¶z"w�g ��x�y\q{z�}¿�kqtprphoO}�z

oOx�u��twh}�oOyQ}��k�koO��oh©W�rx�y�z�w�g ��x�yKq{z�}f}��4���t�|oH}�z�oOx�u��twh}�qtxkp
}��k�koO��oh� ¾v��qt}=�Zqto���yk}=z��$��z
i@ÍkgÄÐ�v Ì�ÍR|6A·Ð+� A�o��ZzO©
u�wrx�}�q�yTo��=��x»wr��z��kwhprwrx$�����k�"w�Ö�oHu+z"q|whx w���g@���Ç�ru�� w��
z"�ko2z���wd}��k�ko��"oO}��k�"w�Ö�oHu+z�}!qtx9z�wd�´u�q|��u��to=w���z"�ko(}"����o
���rykq|~�}O� µ qtx�u�o�z"�ko4�k�"w�Ö�oHu+z�qtwrx2w��jg q�}�u�wrxZsro��a©U��o4u��rx
�r�k�k�t�;EUo����4�Å¼¿z�w(z"�koO}�oJu�q|��u��toO}!��x�y�z��ko2�$wh~kx�yk�r���
wr�@z��$��z=�k��wrÖ�oOu�z�qtwrx�©���x�y wr�Tz���qtx\z"����z2z��kod�to�xkprz��»w��
z"����z4�Wwr~kx$yk���"�¶qt}7Ì�ÍR|�Ð+��¾��rÈZq|xkp2z"�ko)�����Tq|�Ä~k� w�sroO�
�r�|���Wwh}"}�qt�k�to¿wr��z���wrprwhx����f�k�"w�Ö�oOu�z�qtwrx�}O©���o¿wh�Tz"�rq|x×z�����z
l�ÍkgÄÐ1vEÌ�Í�|�Ð+�mÓ�z���wh�|�tw���}�z��$��z
l]vEÌ�Í > i�Ð+�

¾v�komxko��ZzU�|oO�������$wh~kx�yk}�z��koÇ�r��oH��w��k�v�$wh�|�9z"wr�Wo-��q{z"�
�Wwr~�x�yToOy�oHyTproH}��
�����
�
���Do/_�g�=?;�"��RE	=k"�$,\YO [ "��H�6%qGB0 [�r �/0:GB��.J=e�eP
*,0�OM$&%��u%��6%U\,�:;:t&�RP���$�i@Í�gÄÐ1v <�Í :UÐ:I
z 5�¯O¯ �:{*µ qtx�u�o�z"�koQ�$wh�|�9z"wr�Wo��$�r}��$wh~kx�yToHyÕoOyTphoO}O©-z���o
�r��oH�Ew��K��xZ� wr��q|z"}(z��"qt�rxkpr�toO}(qt} <�Í�¼HÐ��������-~k�to��u� }
��wh���Ä~k���k©��¶z"��q���xkph~k����z�oHyd�$wh�|�9z"wr�Wo¿��q|z��=: oHyTproH}@���h}
<�Í :UÐ�z��"qt�rxkpr�toO}O©k��x$y@z"�ko3��oH}�~��{zv��wr�t�tw���}��

Ø ò �N��Û�ö $ þ $<� ø3ý·úN÷�÷��mÜ��n� �	�.Ü�
�Ú�ü·ö � Ú�÷+úNø��+øS�Hø�úNÛ�Ý $e� Û	��÷+üHú
 $ Û $ ø�Ú�ø+� $ þ9Û	� ��Û�ý·ý·ÝÞÜÞø+
 $ ÷�Û	���)�'Ü��6�+÷x� 
e�OÜkÚ�ø�Û	
NüHúNø+þrÜ���Û	�-� �HÜ ôÚ�øS��
NÜÞ÷����

½



?.q|ph~k�"o�¹�ÉRT\z"��q���xkph~k����z�oHy��A��z'�$wh�|�9z"wr�WoÄ��q|z��J�$wh~kx�yToHyKoOykproO}���x$y¿�@�tqtxkoO�r���Ô}�qt��oÄ}�qt�|��wr~ko�z�z�o)Í­z"�koÄ����whxhz'��x�y¿���ru�È
�A�ru�oO}v��o��"o'xkw�zvz��"q���xkph~k�t��z�oHy@��wh��u������"q{z��kÐ+�

nJo�u���x(u�wrx�u��|~$yTo@��q|z��¶z"�ko@��wh�|�tw���q|x�pKu�wr�"wr�t�����"�r©�ykq{�
�"oOu+z"�|�!yToOyT~$u�oOy!���"wr� EUo����4�r}�½��rx�y C��
����������� � �
	�� o/_�gZ=?;1" �eEc=k"�$,\YO [ ",�H�6%d_R"���G�0 [sr �/0:GB�
.J=<�RP
: *�0,OU$&%��6%��6%U\,�:;:t&�ePY��$ l�ÍkgÄÐ1v <�Í!> :UÐ:I


 � ¤ MPORQSI K�§Ôg�� ¤��7g,� IEeZ§ Qx��¤�¦ I�gZg I
¾v�kq�}@}�oOu+z"q|whxd~�}�oH}���wr�"wr�t�����"�¶¹=z�w¶��oO�h}�~k�"o�z��koJu�wr���
�k�to��Tq|z��@w��.z��ko�}�qt�|�kwh~ko�z�z�oh�
¾Uw'o��T�k�twrq|zmz���o�~��k�$oO�-�Wwr~kx�y�whx�z"�ko����k�$���"o�x9z.�to�x�p�z��

w��fz��koK}�qt�|�kwh~ko�z�z�oh©Ç��o)}�qt�����|�(�Wwr~�x�y´����wh�1�$oO�|w�� z��ko
u�whx9z��"q|�k~kz�qtwrx wr�Õ}�q|�t�kwh~ko�z�z�o�oOyTphoO}0z�w z"�ko ���k���r��oOx9z
�to�xkprz���� Æ�w���oOsroO�O©vz"�ko¶u�wrx9z"��qt�k~Tz"q|whxÅw��Ä�rx×oHyTpro=u��rx
�Wo!���"�kq|z������"q|�t�¿}��4���t�;©m�r}�q{z�u���x¶�Wo7�$�������t�|oO�mz�wQz"�ko!ykq{�
�"oOu+z"q|whx�w����k�"w�Ö�oOu�z�qtwrx�©9��x�y4��z"��q���x�pr~k����z"oOyÄ�A��z��$wh�|�9z�wh�$o
��q|z����$wh~kx�yToHy�oOyTphoO}muO��x����·srov�'�tq|xkoH���mxZ~k�Ä�$oO�-w���}�~$u��
}�q|�t�kwr~�o�z�z"oÄoHyTproH}�©��h}f}��kw���xJq|x ?�qtp��a¹$��¾v�Z~�}�©���o�x�o�oOy
z�w4�Wwr~�x�y�����wh� �r�$w�shofz"�ko�xZ~k�Ä�$oO��w��-}�q|�t�kwr~�o�z�z"o3oOyTphoO}
z��$��z�u��rx!�Wo�u��twh}�o�z�w�z���o�yTq|�"oOu�z�qtwrx�w����k�"w�Ö�oOu�z�qtwrx��
nJo�phq|sho�z���w�yTqt}�z�qtx�u�z��rykykq{z"q|whx����Wu�wrx$yTq{z"q|whx�}�z"����z�o�xT�

}�~k��of��}�~��T�N�tqtxkoO�r��}�q|�Oo���wr�Çz��ko�}�qt�|��wr~ko�z�z�oh�m¾v�ko�����}�zÇwrxko
q�}����|wTu��r��u�whx�yTq|z�qtwrx��
��� � ��� �����Z�����UËd*��
;�0��N�1G�0U;x=<�R=<56�jE:�:" [ $�O�� *��4Ej"�$f%
g *,�3"D�RE	=b"U$,\SO [ ",�/�u% _R",�)G�0 [sr �/0:GB�
.J=<�RP :�*,0�OM$&%��u%
�u%M\,�4;B;�O,2QP��ePS",�f"U$ r �/.10
=F$&2	=R%,��$��p�u%U\��4;��N"�����"�$V"�$,\ [ �
=?$��RPY�}=?$��H�4E�5:" [ ¸ Ë�� �"!´Ë�º/I'W�PY��$&t1"�$ r ;x= [ P�0�O ���x�H��06_jg
PS"M; <�Í!> :UÐ
�u%M\,�4;uI
z 5�¯H¯ �:{ E�o�z@~$}�u���w9w9}�o)�2sZq|oO��q|xkp=yTqt��oHu+z"q|whx$#% � µ qtx�u�o
��xZ��z���w�q|x�u�qtyko�x9z�oOyTphoO}v�4��Èho��rx��rxkpr�tofqtx�z��ko'qtx9z�o��"s����
¸ Ë&� �'!KË�ºN©9z���w�u�wrx�}�oOu�~Tz�qtsro�}�qt�t�kwr~ko�z�z"ofoHyTproH}�u�wrx9z��"qt�k~Tz�o( ÍAË+Ð�z�w!z���o��r�k���r��oOxhz��|oOxkp�z"�Jwr�-z���o�}�qt�|�kwh~ko�z�z�oh� µ qtx�u�o
lfÍ�gÄÐ v <�Í!> :�Ð+©Ç�9����wh��wh�|�����"�¿¹$©mq{z���wr�t�tw���}3z��$��z�z��ko
xZ~k���Wo���w��-}�q|�t�kwh~ko�z�z�o�oHyTproH}�q�} <�Í > :UÐ+� A�w�z"o�z"����zfz��ko
u�whx�}�z"��x9z�qtx!z"�ko <»yTo��Wo�x�y�}�wrx)ËH�

¾v�ko�}�oOu�wrx�y�u�whx�yTq|z�qtwrx)qt}�pr�twr���r����x�y)u�wh���"oO}��Wwrx�yk}�z"w
���"o�ph~k�t�r���"o��$����z�q|z�qtwrx�w��Uz"�ko�yTqt��oHu+z"q|whx�}vw���z��ko3oHyTproH}vw��
z"�ko'�$wh�|�9z"wr�Wor�
�)� � �*� ���,+Z�B�6� g *�� "��eEc=k"�$,\YO [ ",�H�6%
_R",�!G�0 [sr �/0:GB�
.J=<�RP :�*�0,OU$&%��6%-�u%U\��4;�;9O,2QP��RPS"�� _e06E+"�$ r %M=FE:�u2u�R=�06$-#% t
�ePY�N$YO.��*,��E�06_d�6%U\,�:;V0�_hg/�N"���=?$,\�"U$ "U$,\ [ � ; �N" [?[ �4E
�ePS"�$ÄÌ�Í :10 Î 243 ÐJ.J=<�RP"#% =?;'<�Í :fA 2 KHÐ9IjW�PY�4$ "�$ r ;x= [ PY0�O ���x�/�
0�_fg�PS"U; <�Í :fA 2 K·Ð
�u%U\��4;uI
z 5�¯O¯ �:{ E�o�z3~�}��k�2�)yTqt�"oOu+z"q|whx #% ©.��x�yJ�|o�z)5d�$o@���"oO�r�
xZ~k�Ä�$oO�O� n2o¿u�wh~kx9z!}�o����r�"��z�o��t�¶z"�koJ}�q|�t�kwh~ko�z�z�oKoHyTproH}
z"����zÄ���rÈro@�rx(��xkph�|o4ph��oH��z�oO�3z��$��x65Å��q|z�� #% ©��rx�y2z���o
wrz��koO�"}O©·��x�y'�$x�y3z"�koÇs����t~ko�w���5!�9qto���yTqtxkp�z"�ko��$oH}�z�z����ryTo��
wrÊ.�
Ó��)��o��"o��k�"oO}�o�x9z2z��ko0}�o�z(w��QyTq|�"oOu�z�qtwrx�}=�Z�Á�0~�xkq{z

}��k�koO��oh©'z��ko´yTq|�"oOu�z�qtwrx�}Qz�����z¿�4��Èro(�rx ��xkph�|o(}��4���t�|oO�
z"����x75 ��q|z�� #% ��wh��� �=}��k�koO��q�u��r�vuO���´w��3���"oO�2Ì�Í85 A·Ð+�
¨ qtsroOx�z��$��z�z��ko=}����ko��"oJuO��x×�Wo=u�w�sroO��oHyd�Z�ÅÌ�Í�¼
9�5 AHÐ
}�~�u���}��k�ko��"q�u����fu����$}�©���x$yÕz�����z@z��ko2yTqt��oHu+z�qtwrx$}4w��'z���o
:×oOyTphoO}����"o�yTq�}�z��"q|�k~kz�oOy w�sroO��z"�koQ}��k��o��"or©-whxko7wr��z���o
uO����}-���r}�z"w�u�whxhz���qtx ( Í�5 A :UÐ�oHyTprofyTq|�"oOu�z�qtwrx�}O�UÓ�z���oO��x$}
z"����zH©���wr�7}�wr��oKsZqto���qtxkp(yTqt��oHu+z�qtwrxU©�z"�ko��"oK���"o ( Í�5�A�:UÐ
oHyTproH}�z��$��z��4�rÈro���x!��xkph�|o��toO}"}mz"����x:5��m¾v�Z~�}�©hz���o��WoO}�z
��o�uO��x��h}�È'q�}�z"����z.z��ko�xZ~k���Wo��.w���}�qt�|�kwh~ko�z�z�o�oOyTphoO}U���·s9�
qtxkpK�)xkoOpr�tq|phq|���|o4u�whx9z��"q|�k~kz�qtwrx2z�w)z"�ko7���������"o�x9z3�|oOxkp�z"�
q�} <�Í�5�A�:UÐ+�
E�o�z�;2yTo�xkwrz�o�z���o@xZ~k���Wo���wr��}�q|�t�kwh~ko�z�z�o@oHyTproH}�z�����z

�4�rÈro)��xd��xkph�|o�pr�"oO��z�o���z"����x75 ��q|z�� #% �d¾v��o)u�wrx9z��"q|�
��~Tz�qtwrx!w���z"�koO}�o�;4oOykproO}Çz�wÄz���o'�r�k���r��oOxhz��|oOxkp�z"�7wr�Uz���o
}�qt�|�kwh~ko�z�z�o�qt} ( Í8;<5.Ð���¾v�Z~�}O©.; v=<�ÍRl=9�5�Ð+©9��x�yÄ���k���|�Zqtxkp��wh��wh�|�����"��¹�©T��o'pro�zvz"����z>; v <�Í > :?9�5�Ð+�
Ó��T��o��r}�È�z��$��z.��zU��wh}�z'<�Í�5�A�:UÐ�oOykproO}�w��Zz��ko��$wh�|�9z"wr�Wo

�4�rÈro��rxJ��x�pr�to��toO}"}�z"����x"5d��q|z��2��xZ�)prqtsroOxKyTq|�"oOu�z�qtwrx�©
z"�ko�x�z��kovu�wh���k�|o��Tq{z��3wr�kz��kov}�q|�t�kwr~�o�z�z"o�q�}.�$wh~kx�yToHy3���"wr�
�r�$w�shof�Z�

<$@ > :5BA 5 A :DC3y
C



¾v�ko3�$oH}�z�z"�"�hyTo���w�ÊQ��o�u��rx��hu��kq|oOsro�qt}�z�w4u��kwZwh}�o
> :5 vEÌ�Í�5 A :UÐ �

���kq�u��Ñ��oO�rx�}�5 v Ì�Í :10 Î 243 Ð+� ÓÔx z�����zÕuO�r}�or©!z��ko
xZ~k���Wo�� wr�Õ}�q|�t�kwh~ko�z�z�o oOykproO}Eq�} <�Í :fA 2 KHÐ�©Õ�rx�y z��ko
�"o�pr~��t�r�ÇyTq�}�z"��qt�k~Tz"q|whx@�r}"}�~k���Tz"q|whx4qt}-z��kofwrxko���oOx9z�qtwrxkoHy
qtx!z"�ko�}�z"��z"o���o�x9z�w��.z���o'z��koOwr�"o��)�

A�w�z"o2z�����zQz��ko=�k�"wZw��Äwr��¾v�koOwr�"o�� �´oO}�z"�r�k�tqt}��koO}Q�
��wr�"ovpro�x�o������T�"oO}�~k�{zHÉ.����oO�rÈro��-u�wrx�ykq{z"q|whx�whx�z��ko��"o����r���
z�q|z�qtwrxÁw��7z��ko�yTqt��oHu+z"q|whx�}2w��@z"�kodoOyTphoO}=}�z"q|�t�4�Zq|oO�ty�}2�
}�~k�T���|qtxkoO�r�-�Wwr~kx�y@wrx�z���ofu�wh���k�|o��Tq{z��Äw���z���o�}�qt�t�kwr~ko�z�z"or©
���kq�u��)qt}vqtx)�$o�z���oOo�x@<�Í : A 2 K Ðv�rx�y <�Í :UÐ+�
� � §�eZl�¦�eZeZ§�¤ £
¾v�kq�}�}�oOu�z�qtwrx(yTq�}�u�~�}"}�oH}3wr~k����oH}�~k�|z"}O©.prqts9qtxkpQo��9z"o�x�}�qtwrx�}
�r}v��o��t���r}v�Wwh}"}�q|�k�to3���k���|q�u���z�qtwrx�}O�
¾Uwf�$oOprqtx���q{z"��©�xkwrz�q�u�o-z"����zH©·��wr�����t�rz"�koÇ�"oO}�~k�|z"}�w�� µ oHu+�

z�qtwrx$} CQ��x�y2¹$©�z���o4�A��z"xkoO}"}��r}"}�~k���Tz�qtwrx=u��rx2�Wo@��oO�rÈh�
o�x�oOy��ÅÓÔxÕ�A�hu+zO© EUo����4�(½2�kwr��yk}���wr�!��xZ�(�Wwr�t�hz"wr�Wo-g
��q|z��)�$wh~kx�yToHy�oOyTphoO}�z��$��z�}"��z�q�}���oO}

� ÍkgÄÐ A v <�Íei@ÍkgÄÐ�Ð
���koO��o � ÍkgÄÐ�q�}mq|z"}�yTqt�r��o�z�oO�O��¾v�kq�}mq�}mo��9~kqts����to�x9zmz�w��$�·sh�
qtxkp7�4�A��zfwh��z"�kwrphwrx��r���k��wrÖ�oOu�z�qtwrxQ��q|z��Qz"�koÄ}"����o�yTq������
o�z"o��H©�wh�O©.qtxhz"~kq|z�qtsro��t�r©.z"wK�$o7�A��zÄ�r�|whxkpK��zÄ�|oH�r}�z3z���w¿ykq{�
��o�x�}�qtwrx�}O�
A�o��ZzH©Çz"w¶o��Zz�oOx�y wh~k�@�����k��w9�ru�� z�w2z��koQ�Wo���}��$oHu+z�qtsro

u��h}�oh©�whxko����h}�z"w!yToH���U��q|z��Kz���w7ykqt}�z�qtx�u+z'q�}�}�~koO}O� ?.qt�"}�zO©
z���o�yTq�}�z���x�u�of���"wr� z��ko�wr�TÖ�oHu+z�z�w�z"�ko3sZq|oO���$whq|x9z����h}vz�w
�WoQz"�rÈro�x�qtx9z�w(�hu�u�wh~kx9zO� n��koOxdz��koKsZqto����Wwrqtx9z7qt}@�A���
���"wr�1z"�koQ�$wh�|�9z"wr�Wor©�z��koQ�Wo���}��$oHu+z�qtsroQuO�r}�o)}��kwh~k�ty´�Wo��
���·sho��h}'z���o@wr��z��kwhpr�����k��qtu�u��h}�oh����~Tz����koOx2z��ko@sZqto��v�
�Wwrqtxhz4q�}�u��twh}�o7z"w¿z"�ko)�$wh�|�9z�wh�$oh©-z"�ko)�$oO�"}��$oHu+z"q|sho!�k�"w��
Ö�oOu�z�qtwrx´q|x9z��"wTyT~�u�oO}��¿�tw�z�w��fyTq�}�z�wr��z�qtwrxUÉ4z��ko��to�xkprz�� wr�
z���oQ�k��wrÖ�oOu�z�qtwrx wr���2}�qt�t�kwr~ko�z�z"oQoOyTpho!ph��oH��z��t�(yToO�$oOx�yk}
wrx2q|z"}3yTq�}�z���x�u�o�z�w�z��ko4u�o�x9z�oO�3w��Çz"�ko�sZq|oO�3©U}�w�z"�ko4���T�
���r��oOxhz��|oOxkp�z"�!��x$y�z��ko�xZ~k���Wo���w��U}�qt�|�kwh~ko�z�z�ofoOyTphoO}����"o
xkw��|whxkproO�.ykq|�"oOu�z��t�3��oO�t��z�oOy�� µ oHu�wrx$y�©�}�qtx�u�oÇz"�ko����k���r��oOx9z
�to�xkprz��Qw��-�rxQoOyTpho�yTwZoO}�xkw�zfyko��Wo�x�yQwhxk�t�!whxQq{z�}�yTqt��oHu+�
z�qtwrxU©Zz��ko3ph�|wh�����a�Z�Z�$wrz��koH}�q�}vwrx!z��ko�ykqt}�z��"q|��~Tz�qtwrx�w���z��ko
yTqt��oHu+z"q|whx�}Uwr�Tz��ko�oOykproO}����h}�z"wf�Wo��hy·Ö�~�}�z�oHy��ruOu�wr��yTqtxkpr�t�r�
¾v�ko-�"oO}�~k�{z�}�wr�9z"�kq�}����r�$oO�����"omwrx��|���v����}�z�}�z�oO�'z�w��v����y

z���oQ~kx�yToO�"}�z"�rx�yTqtxkp=w���z"�koKu�wh���k�|o��Tq{z��(wr�'}�qt�|�kwh~ko�z�z�oH}�©
�k~Tz�z"�ko���}�z"q|�t�����·shof����wh��q�}�q|xkp4�r�k�k�tqtuO��z�qtwrx$}��
T �$�"}�z@���k�k�tq�u���z"q|whx q�}Äz��koKu�wr���k~Tz���z�qtwrx´w��'}����hyTw��

�Wwr~kx�y����"q|oH}������"o�z�z"��ÈZq�}U�rx�y��f~kpr~ko�zv¸|¼r©�½HºT�k�"wr�Wwh}�oÇ��}�w��
�t~Tz�qtwrxK�$�r}�oOy)wrxK���O«�ª+«R��«­¬ «­²
	�ª��h±�¬|±�²Ô¯672��oH}�z"��q�u+z"oOy�z�w@z��ko
sZqt}�~��r��o�sroOx9z"}�proOxko�����z"oOy´�9�´�J��~kx�u+z"~������|qtpr�9z@}�wh~k��u�or�
ÓÔxJz��koOq|��yTo�z"�rq|�toOyJ��oO�$wh��z4¸ ½HºN©�z��koO�¿}���w�� z�����z'z��koOq|���r�{�
prwh��q|z����
���r}3u�wr���k�to��Tq{z�� <�Í :�
���Ð+©�����o��"o :´qt}�z"�ko4}�qt��o

wr��z���o!�Wwr�t�Z�koOyT�"wrx z�����z�uO�r}�z"}��J}����hyTw��3©-��x�y�
��¶z���o
}�qt��o4w��vq|z"}�}�q|�t�kwh~ko�z�z�or� �-sho�x2z��ko7wr��z��kwhpr�����k�kq�u�u��r}�o�qt}
wr��q|x9z�oO��oH}�zH©.}�qtx�u�o@q|zÄu�wr�"��oH}��Wwrx�y�}'z�w¿�)�tqtpr�9zÄ}�wr~k��u�o@��z
qtxT��x�q{z��h©���}�qt���k�|o�}�~kx���wZyko�����wh��q|x�}�z"�rx�u�oh�
T }�oOu�wrx�y �����k�|q�u���z�qtwrx q�}K�kq�ykyToOx\}�~����A�hu�o¶�"o���w�s����N©

����qtu��0���r}�� �twrx�p �kq�}�z"wr�"�Å�r}�� ����wh�k�|oO��yTq��@u�~k�{z)z"w
�hykyT�"oO}"}Ç���"�hu+z�q�u��r�|�t�K¸ C·ºN� T }�wr�t~Tz�qtwrx��k�"wr�Wwh}�oOy4�Z���-���"��z
o�z)�r�;�3¸ ¹�º3qt}!z"w´�"o�x�yko��)}�oO��������z"o��t�´z"�ko=}�qt�|��wr~ko�z�z�oH}�w��
z"�ko�wr�TÖ�oHu+z�}�©.��x�y¿z��ko@}�qtxkpr�to���wr�TÖ�oHu+z'��oOprqtwrx�}O��¾v�ko��JoO}��
z"q|�4��z�o!z��ko�xZ~k���Wo���w���u�wr�Ä�kq|x$��z�wh��q�����u�����x�proO}�z�wJz���o
�"o�x$yTo��"oOy�}�qt�t�kwr~ko�z�z"oO}�w��a�Wwr�t�hz"wr�WoO}m����o�x�z��ko�sZqto����Wwrqtx9z
��w�shoO}��r�|whxkpJ�J�tq|xko)wh���rx´���tproO�k����q�u7u�~���shor����oO�$oOx�yZ�
qtxkpJwrx¶z"�ko!��wrz�qtwrx�©mz"�kq�}ÄxZ~k�Ä�$oO��yko��Wo�x�yk}�oOq{z"�ko����tq|xT�
oH���"�|�2wr� �9~��hyT�"��z�q�u��r�|�t�Jwhx(z"�ko�}�qt�|�kwh~ko�z�z�oQu�wh���k�|o��Tq{z��h©
����qtu��2z���o��2�$wh~kx�y2���"wr� ���Ww�sro��Z�¿z"�ko7u�wh���k�|o��Tq{z��Jw��
z"�ko��Wwr�t�9z�wr�Wor� �m�Zz"o�x�}�q|whx)w��mwr~k����wh��È7z�w�z���o��Wo���}��WoOu��
z"q|sho�uO�r}�o)��wh~k�ty(z��Z~�}��Zqto���yÕ�2yTqt��oHu+z4qt������w�sho���o�x9z�w��
z"�ko�qt���Wwr~kx�y�}��

b�l�� £ ¤�� Q+IU¥ � I MPI £ gke
¾v��of��~kz��kwh�"}���qt}��4z"w�z"����xkÈ7�f�tq|sZqto�����oOsZq|�t�|oO�"}Ç��wr����o�xT�
z"q|whxkqtxkpÅz"�kqt}2�k�"wr���|oO� yk~k��qtxkp×z��koÕnJwh��ÈT}��kwr� whx C��
¨ �twr�$�����fqt}�q|��q|�tq{z��=qtx ½������)��z ��whxkq{�A�hu�qtw�©���wr��}�q�u���©��rx�y
µ �9�ts���qtx¶À�o�z�q|zAÖ�oH��x2��wr���kqt}��ko��t�T��~k��u�wh����oOxhz�}���Àm����z3w��
z"�ko���oH}�oH����u������h}�ykwrxkovyT~k�"q|x�p�z"�ko ?�qt��}�z! Ku ¨ qt�t�{��Ó+A^��Ó+T
n2wr�"ÈT}���wr�2wrx ¨ o�wh��o�z��"�2q|x ¨ �����k��qtuO}���z" ¿u ¨ qt�|� ��o��|�
����qt��}j��oO}�oO����u��7ÓÔx$}�z"q{z"~Tz�oh©�qtxQ½����9½T�

# I �	I�i4I £ l IUe
¸|¼�º ?����f~kph~ko�zv��x�y ¨ �$���"o�z�z"�rÈ9q�}O����wr�k~�}�z��Ç��}�qt�twrx%��q�}��

qt�kqt�|q|z��r� µ Ó ¨3¨ � T�ÀÇÆ\½����9½T©Z�k�KÃU�$&H��Ã�&�Ãk�
¸ ½·º ?��'�f~kph~ko�zH��ÓÔ���k�)(o���o�x9z"��z�qtwrx)�"wr�k~�}�z�o�yk~¿}c�9~koO�|o�z�z"o

yTo'sZq�}�qt�kqt�|q|z*(oh�! K�r}�z�oO�"}�¾v�koH}�q�}3Í�qtx�����oOx�u��$Ð�©$½����k¼r�
¸ C�º µ �����+�fwr�"���r�"y�� T }�~k�"sroO��w���wr�TÖ�oHu+z��Ô}����ru�o2��qtyZ�

yToOxQ}�~k���A�ru�o'��oO��w�s��r��ÓÔxhz"o��"x���zH�*,�� ��wr���k~TzH� ¨ o�wh���
T��k�k�N�|©kshwr�t~k��o'¹�©T�k��� Ch½rÃ.-9C �h½T©W¼0/�/�¹$�

¸ ¹�º T����m������zH© EÇ�1,$� ¨ ~kqt���h}�©(�Ä� T��!Æf���t�{�ÔÆ�wh�{zH©2�rx�y
EÇ�32W�$��xkp$�»�fxÅq|x$u��"o���o�x9z"�r���"o�x�yko��"q|xkp w���}�q|�t�kwr~k�
o�z�z�o3�4�r��}vw��m���$wh�|�Z�koHyT�"�r��}�u�o�xkoh� µ �4� T\½�������©Z�k�
/�¼0���5/k¼6&Z�

¸ Ã·º EÇ��Â'o�z�z"xko����rx�y3����n2o��t���N�'��whx9z�wr~���oHyTpro���x$���t�Z}�q�}
��wh���$wh�|�Z�koHyT�"wrx)�k�"w�Ö�oOu�z�qtwrx�}O��7�±�¯684±�²!5+«:9";¿¯��h±�¬{« 7�8=<
>a®k±�¯ 5?	 067��dz 5 0�9�²;«:9�±�© µ �k��qtxkpho��H©��k���3C$&6/�� C�/�¹�©Z¼�/�/=&T�

¸ ��º EÇ� µ ��x9z"�r�A@w$� ÓÔx9z�oOpr�������k�"wr���r�kq|�tq|z��Å��x�y0proOwr��o�z"��q�u
�k�"wr�$���kqt�|q|z��r�'qtx�B 7C9D	�9�¬|¯	2k±���« 0¿¯ � 8 0�²�®k±D8 0�²;«:9�ª 067Y�
«­²;ª 0	232a¬ «:9	0�²N«A¯67kª+©9srwh�|~k��o�¼r�6T�y�yTqt}�wrxk�Nn2oO}��|oO�r©M��oO�ryT�
qtxkp�©* T�©�¼�/=&6/��

¹


