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

46587 ���9���.���;:�<�3���	��('=�">
? �
	�@����BAC	����
	���3#3">
D '=����<���	FEGH>JI(K
K
LNM

OQPSR=TVUWP1XZY\[=Y\]_^`^6Uba\ced"f\^VgNTVh)i+Ykj�a,lWa�Umh"nWn+c
oTqp`rsP�t(Yk[kauUbv6w\hb^Vx�ckT%x+P1y9a�r{z|[=Y+}`lbauR=TVU~l

�Q�`���q�W�������������|�#���6�`�m�b�����W�6���e�%���u�����m�e�������q�����%�S�)�V�9�
���% ��q �¡V¢u£%¤�¢u ¦¥¨§6¤u©�ªqª|¥« u¬�§ � �q���|®°¯�¯�±q±q±|¥°¤q¢u ¦¥¨§V¤�©�ªqª|¥� �¬�§

²�³¦´mµm¶,·e¸uµ�¹(º�» �W��¼����6¼ »�½ �W����¾ » ��¿��m�m�6¿ ½ �|��� » �`¿ ½ �����u�`�m�q���6�bÀ ½ �|���Á���`ÂS�W���W����¿�¾���`¼����ÄÃ"Å=� ½ �`ÆÁ���
ÂV���u���m���(�6�6�s�u¿�Æ6���`¼V�%À ½ �q� ½ �(�uÂ`ÂS�u�����6�`���«�Ç����Â6���uÈ6�É�Ê��� »��Ë��9Æ6�m� ½ Æ6�W�#�u�+�WÌVÂS�W�����m�6�m�ÍËZ����À(¼u�m� » �W������� » �%Æ6�m¿���ËZ����À6���
�W� » Â`�V���W��¾ ½ ��Æ6�mÆ¼u�m� » �W�������ÍÆ6�W����¼u�HÎ¨���QÏ=Ã)ÐbÑqÒ`�������ÍÏ=Ã���°� ½ ����� » �%Æ6�m¿�� ½ ���Z�u�Ê���m�(���6ÓÁ�m���m�Ô���ËZÀ6��¿��"�{�u� »C½ �`Æ
�s�6�`�W�����u� ½ ���)���6�WÌ%������� ½uÕ ¿������m¿ ½ ���mÆ���� Õ ���Ô�~À`� » ���°�����Ô�%���m���6¿���¾���`¼.���J¼���� ½ ���W� ½ �����m�Ô�������Ö���.�W��������� ½ ¿=���uÂS��¿���¼u��� ½ ¿��bÀ ½ � ½ �W���W�����°�����m�����9��À6�m���Æ%�6� ½u» ��� » �%ÆV�m¿��mÑ6��À`�)¼u��� ½ ���W�Í� » Â6À ½ �������6ÂS����ÆV�V� ½�» ���Q�bÀ ½ �6¼��"��� »�½ �W���u¾» �u¿��W�m�`¿ ½ �
��� » �6¿ ½ �������6�
� » ÂS�u���m�(���`�W��� ½ ����ÆJÆ6� »�½ �eÆV��s����� ½ ����ÀV�s�`¿Í���Ô���m¼u� ½ ¾���������u�)����ÂS�u¿���¼u� ½ �`Æ�¼��m� » �W�����Ô� ½ ��Ë��m¿�¿ ½ � » �6�bÀ×�°�������W���W�
����ØÔ�`����� » �m�Ô����{�u�(�m� » Â`�V� ½ ������� ½ ¿��WÓ(�W���W�`�W�ÔÑ���À6��� ½ �������m¿��ÙÂV���m���m�Ô���Ç��� ½ �`�����������`�Á�Ê��� » ��À`����ÍÏ=ÃÚÆ6� »�½ ������� » �m�b�Ç��À6��¼���� ½ ���W�ÈSÆ6�W¿������ ½ �`Æ.ÂS�W���s��� »�½ �`�W��ÆV� »�½ �`Æ6��{�u� »�½ �W����¾ » �u¿��m�m�`¿ ½ �Z��� » �`¿ ½ �����u�`�mÑ

Û Ü`ÝÍÞSßkà)áÇâ9ãÄÞkä�àÍÝæå�Ý9áèçFà�Þkä�é�åÉÞkä~àÍÝ
êër�lWfkrÊxëv6a�^6g�a�lbUWr{ì1gÙ^SPSa�z{rÊx\v\c�lWfka.w\hbaí^VîÇlWfka�lbauUbg!ï lW^VðÄ^Vz{^Vv6ñÄò�rshN^%îólWa�xôr{xSîõ^VUWgNT%z«c
h~^6g�a�lbr{gÙauh�lb^�lbf\aíðÄ^Vr{x`lN^%îÇöÄa�r{xkv÷gÙr{hbz{auTVPkrÊxkv+Y�ø�a�x+ì,aVc�rÊlNr{hÙr{gÙð+^6U~lmT%x`l�lb^JPSauì�r{Pka
R)fkr{ìmfùlW^VðÄ^Vz{^VvVrsì�TVz�ìmf\T%UmTVì,lbauUbrsh�lWr{ìuh
^VîÁT÷gÙ^SPSauz9h~f\^VwkzsPùö+a.ðkUWauhba�UWpVa�P�^6UHìmf\T%x\vVauP�c
TVh)R)r{zÊz#öÄa�a,úSðkUWauhWh~a�Pífka�UWa(îõ^VUÇì,^Vx\xkauì,lbr{p`rÊl�ñ�T%x\P�aug
öÄauPkPSr{xkvHR)rÊlbf\rÊx.lWfka
PS^6gNT%r{x.^%î
g�^6zÊa�ì,wkzsT%U"gÙ^SPSa�z{r{xkvHT%x\PíhbrÊg�wkz{T%lbr{^Vx\huYkû9h9ì,^Vx`lWa,úel"îõ^VU"lbf\auhba�ì,^Vx+h~rsPSa�UmTÔlWrÊ^6x\huc`rÊl�f\T6h
ö+aua�x�^6ö\hba�UWpVauPôü ýÔþ=lbf\T%l�gNTVx`ñ�ðkUW^Vökz{a�gNh�rÊx�g�^SPSauUbxôÿ=û��Áo hbñSh�lWa�gNh�UWauhbwkzÊl
îõUW^Vg
ð+^e^VU
rÊx`lbauvVUmTÔlWrÊ^6xÖ^Vî)ì�^VgÙðkwSlmTÔlWrÊ^6x\T%z�lW^VðÄ^Vz{^Vv6ñÖT%x+PÖv6a�^6g�a�lbUWñVc�R)f\a�UWaÙîõwkx\PkTVg�aux`lWT%z
PSr��Hì�wkz�lWrÊa�hNT%UWa ^Vîólba�x�r{Pka�x`lbr��\auP�^Vxkz{ñ TÔîólWa�UNT%x+T%z{ñ��urÊx\v×wkxka�úSð+a�ì�lba�P UWauhbwkzÊlWh�îõUb^6g T
h~r{g
wkzsTÔlWrÊ^6x1ðÄa�Ubîõ^VUWgÙauP1^Vxílbf\agÙ^SPSauz�Y
�	��
 ½ ����� ½ ¿É�s�`�`Æ6���`¼Ù�{�u� ½ ¿�¿ ½ �V��À`�����9Ë ½ �Ç�Ê��� » Å)�VÒ ¼�� ½ �Ô�ÇÃ��N�%¾�������u�����%Ñ|�Q¿����6� º Ñ��|Ñ¦Ò#Ñ

���Ô�u��� ½ �eÆ �=Ñ��6Ñ 
 �W���W���"Ë#�W���ÁÂ ½ ����� ½ ¿�¿��H���`Â`ÂS��������Æ Õ �ÙÅ)�6Ò×¼u� ½ �%������� �����u���u��� ½ �`ÆÅÇÑÄÒ#Ñ¦�Ô���WË ½ ���)Ë ½ �Ç���6Â`ÂS�u�����mÆ1����Â ½ ��� Õ �1Å"� º �Í� Î¨� ½ � ½ Æ ½ ÐbÑ �Í¿�¿É�°� ½ ��� » �m�Ô���)���í��À`���Â`� Õ ¿���� ½ ������� ½ ���"��À`�"���W��ÂS���`��� Õ ��¿����«���u�¦��À6� ½ �V��À`�����m�������\�u��Å)�VÒ��u�Í�u� Å)� º �Í�QÑ

Dagstuhl Seminar Proceedings 04351
Spatial Representation: Discrete vs. Continuous Computational Models
http://drops.dagstuhl.de/opus/volltexte/2005/124



�
û9h"T�gÙ^%lWrÊpÔT%lbr{xkv�a�úkT%gÙðkz{aVcSì,^6x\h~rsPSauU=ì�^Vxkxka�ì�lWrÊxkvÙhbr�úHz{rÊx\ahba�v6g�aux`lWhuc6UWa�ðkUWauhba�x`lWauP

ö`ñÙ^6UWPSauUba�PNð\TVrÊUmhZ^Vî�lbfkaurÊU"aux\PSðÄ^Vr{x6lmh"TVhuc��������	�
����������
��������������������ceR)fkauUbaÇauTVìmf1T%z��
ðkf\T%öÄa,lWr{ìÇh~ñeg�ö+^6zÄPSauxk^%lWauhQ^Vxka9ð+^6rÊx`lQ^Vî����\YSø�^ÔR=a�p6a�U�cÔlbf\a9z{a�xkvVlbf\h=T%x\PH^VUWrÊaux6lmTÔlWrÊ^6x\h
^%î|lWfka(z{rÊxka�hba�v6gÙa�x`lWh)ìuT%xíö+aÁgÙ^SPSr��+auP¦c\hb^�lbf\T%l)lbfka(v6a�^6g�a�lbUWr{ìì,^��«^6UWPkrÊx\T%lba�hQT6hbhb^Sì,r��
TÔlba�PíR)r�lWf�lbfka�h~a(p6a�Ublbrsì,auh"gNTqñ ìmf+T%xkv6aVYk[#rÊv6wkUWa��Áhbfk^ÔR�h=l�R=^ÙpVa�UWñ PSr� a�UWa�x`l9R"TqñehQlW^
TVìmfkr{a�p6a9lWfka�hbTVgÙaì�^Vxkxka�ì�lWrÊperÊl�ñHö+a�l�RQaua�x�pVauU~lWr{ì�auh=R)fkrsìmf1UWauhbwkzÊl)rÊx.PSr� ÄauUbaux`l"aug
öÄauP!�
PSrÊx\v6huY#d"fka�PSrsh�lWrÊx+ì�lbr{^Vx+h�öÄa,l�R=a�auxJlbf\auhba l�R=^Öh~lbUWw\ì�lWwkUWauh�T%UWa1ì,UWrÊlbrsì�T%zQlb^ÖgÙ^Vz{auì,w\z{TVU
g�^SPSauzÊr{xkv+Y#"�x\PSa�a�P¦celbf\aÇl�R=^Ùh�lWUbw\ì,lbwkUWauh"TVUbafk^VgÙau^VgÙ^VUWðkfkrsì9ö\wSl�T%UWaÇxk^Vl)r{hb^%lW^Vðkrsì�ü $kc
��$Ôþ°Y

B C F G

D E

A H I

J

=

=

=

=

=

=

K

L

Î ½ Ð

= LA

D E=F G=

H I=B C=

J = K

Î Õ Ð

%'&)( ¹+*e¹ Î ½ Ð���Â`¿ ½ � ½ �Í�6�-,%�`����Ñ+Î Õ Ð����6���6¾¨Â6¿ ½ � ½ �Í�����b�s����¿óÑ

. /102023~äbã å#ÞSä~àÍÝ54ÖÞSàÚçFà6387|ã¦â23�å�ß�ç à)á57�3~äbÝ:9<;=4`äbÝ:9 Û�>qã à6?@0387BAC7�4

d"fkalbUmTVPSrÊlbr{^Vx\TVz+ö+T%z{zD��T%x\P#�°h~lbrsìFENgÙ^ePka�zÄîõUb^6g r{x6lWUb^SPSw+ì�lb^6UbñNìmfkaugÙr{h~lbUWñHh~auUbp6auh=T
pÔTVzÊw#�
T%ökz{aHUW^Vz{aHrÊx�ì,^Vx`lWa�gÙð+^6UWTVUbñÖgÙ^Vz{auì,w\z{TVU�gÙ^ePka�z{rÊxkv+cÉR)rÊlbf�pVa�Ublbrsì,a�h�ì,^6UbUWauhbðÄ^Vx\PSr{xkv�lW^
TÔlb^6gNhQTVx\PHì,^6xkxka�ì�lbr{xkv�zÊr{xkaÇhba�v6gÙa�x`lWhQUbauðkUWauhba�x`lbr{xkvÁlbf\aÇöÄ^Vx\P\hÍöÄa,l�R=a�aux1TÔlW^VgNhuY��aG�
^VgÙa,lWUbrsì�TVzÊz{ñVcelWfkauhba(T%UWaVcS^%î�ì,^6wkUmh~a6c�H�w+h�l9hbrÊgÙðkz{rsì,rsT%z'���°ì�^VgÙðkz{a,úSauhÁü I%þ°Y

JBK�L MON+P!Q�P-NSRUTWVYX[Z�\^]6\�_W\�Xa`cbYdeNST�VeXgfh\�_WP!ijde_�k#N�b�`UVYklfhT�i�Q
"�x�hb^VgÙa(gÙ^Vz{auì�wkzsT%U�hbrÊg�wkz{T%lbr{^Vx\hucSrÊl�r{h�PkauhbrÊUmT%ökz{alb^NgÙ^SPSrÊîõñ lWfka(ð+^`h~rÊlbr{^Vx�^Vî#r{x\PSr{per{P!�
w\T%z=TÔlb^6gNh�c�R)f\rÊz{a ðkUWauhba�UWperÊx\v1lWfka hbrÊgÙðkz{rsì,rsT%zZlW^VðÄ^Vz{^Vv6ñ×^%î"lWfka gÙ^Vz{auì�wkz{aVY|d"fka ö\T%z{zD�
T%x\P!��h~lbrsìFEJg�^SPSauz{hNTVx\P�lbfkaurÊUHì�^VUWUba�h~ðÄ^Vx\PkrÊxkvm�G��ì,^6g�ð\zÊa�úea�h�R)rÊz{z�h~auUbp6aíT6hÙT%xùrÊxkrÊlbrsT%z
T%ö\h~lbUmTVì,lbr{^Vx÷îõ^VUÙì,^6x\hbr{PSauUbr{xkv_gÙ^6zÊa�ì,wkzsT%UÙPSñex\T%gÙrsì�huY#XÉT%UWvVaHgÙ^6zÊa�ì,wkz{auh�gNTqñÖf\Tqp6a r{x
a,úkì,a�hbhÇ^%îZlWa�x×lbfk^6w\hbTVx\P×T%lb^6gÙhuc h~^1ð+auU~îõ^6UbgNT%x+ì,a�ì�^Vx\hbrsPSa�UmTÔlWrÊ^6x\h9TVUba�ì,UWw\ì,rsT%z#rÊx�PSaG�
h~r{vVxkr{xkv.hbrÊg�wkz{T%lbr{^Vx÷h~^Vîól�R=TVUba6Y �zÊ^6ö\T%zZì�^Vx\h~lbUmT%r{x`lWhðkUWa�perÊ^6w\hbzÊñ_ð\Uba�h~aux6lWauPùü nkc�oqþQgÙTqñ
ö+aÇ^ÔpVa�UWz{ñ
UWauh~lbUWr{ì,lbr{pVa"îõ^VU=h~w+ìmfNgÙT6ì,UW^p�°gÙ^Vz{auì,w\zÊa�h�R)r�lWfHUbauðkUWauhba�x`lWT%lbr{^Vx\h�f+Tqp`r{xkvÁlWfk^Vw#�
hbTVx\Pkh�^%îÄpVauU~lWr{ì�auhuYqø9a�x\ì�aVc%TxkauRùTVðkðkUW^6TVìmf
R)fkr{ìmf�^p a�Umh�gÙ^VUWaQa��Hì,r{a�x`lZì,^VgÙðkwklWTÔlWrÊ^6x



�

ö`ñÙðÄa�UblbwkUWökr{xkv
^6xkz{ñÙT�h~gNTVzÊzÄxewkg
öÄa�U=^%î�p6a�Ublbrsì,auhQr{x T�z{^Sì�T%z{r ��auPHUbauvVr{^VxNrshQì�^Vx\hbr{Pka�UWauP
xk^ÔR(Y

X�a,l��Öö+aHT�p6a�Ublba�úÖ^%î"r{x6lWa�UWauh~l(îõUb^6g�Tg���°ì�^VgÙðkz{a,ú¦c�PSa�x\^%lba�P÷TVh�� YU"°l�r{h(a�hbhba�xl�
lbrsT%z�lW^ a�x+h~wkUWa�lbf+TÔl1x\^Jxka�Rèhba�zÊî �«r{x`lbauUWhbauì,lbr{^Vx\hNTVUba.r{x`lbUW^ePkw\ì,a�PôrÊx�� PSwkUWr{xkvJlbf\a
vVa�^6gÙa,lbUWrsì
ðÄa�UblbwkUWö\T%lbr{^Vx\h^%î��.rÊx�^VUmPSa�UlW^1ðkUWauhba�UWpVa
lbfkaÙrsh~^Vlb^6ð`ñ_ì�z{T6hbh^Vî�� ü nSc�oÔþ«Y
jZUWrÊ^6U�lb^�ðÄa�UblbwkUWökr{xkv��Äc �\x\P	��
���!���!�,c6R)f\r{ìmfÙrshÍPSa��\xkauPNT6h�lWfka�wkxkr{^VxN^Vî TVzÊzÄh~auvVgÙa�x`lmh
lbf\T%l�f\Tqp6a��ÖTVh
^Vxka a�x\PSðÄ^Vr{x`luY�d"fkrsh�rsh(lbUWr{p`rsT%z{z{ñ�PS^6xkaHöeñ�w\h~a ^%î)lbf\a ì,^6xkxkauì,lbr{per�l�ñ
rÊxSîõ^6UbgNT%lbr{^Vx v6rÊp6a�x÷îõ^VU��ÄY��Çx+ì,a���
���#���!�
r{hÙPSa�lbauUbgÙr{xkauP¦cÉlbf\a1xka�úel�h~lba�ð�r{h
lb^Öð+auU �
lbwkUWö�� lb^JrÊlWh xka�R ðÄ^6hbr�lWrÊ^6x����.TVx\P�lbfkaux �\x\PùlWfka.ö+^6wkx\PSr{xkv öÄ^qú lWf\TÔl1ì�^Vx`lWTVrÊx+h
lbfka(wkx\rÊ^6xí^Vî���
���#���!�)TVx\P���
���#��� � �,Ya"°î#lbfkrsh)öÄ^Vwkx+PSrÊx\vNö+^qú¦c\PSauxk^%lWauP �Hc\r{h�Pkr{hWH�^Vr{x`l
îõUb^6g TVzÊzÉauPSv6auhÇ^%î�� lbf+TÔlÁRQauUba��! #"#rÊx$��
���!���!�,cÄlbfkaux_lbf\a�lb^6ð+^6zÊ^6vVrsì�TVz�a&%`wkr{pÔT%z{a�x\ì�a
f\TVh�öÄa�a�xùðkUWauhba�UWpVa�P¦Y���d"fkrsh�îõ^Vz{zÊ^ÔR�hÙhbrÊx\ì�a lWfka�ð+auU~lWwkUWö\TÔlWrÊ^6x�^%î'�÷lb^$�(��f\TVhÙì,^6g	�
ð\TVì,lÍh~wkð\ð+^6U~l�lWf\TÔlZrshZPSrsh H�^6rÊx`l�îõUW^Vg)�+* �-,/.0�2143 5�6!7�7��8��
���#���#�:9-��
���#����������c`TVh�ì�TVx
ö+a�hbfk^ÔR)xíîõUb^6g TNhbzÊr{vVf`l�a,úelWa�x\hbrÊ^6x1^Vî�TÙð\Ubaup`r{^Vw+h~z{ñNðkUWauhba�x`lba�PíTVUbv6wkgÙa�x`l�ü nÔþ«c\R)fka�UWa
�-,/.0��143 5�6;787 �<��
���!���!�=9���
���#���(��� �ÉPSauxk^%lWauh|lbfka"ì,^6x`p6a,úÁfewkzÊze^Vî>��
���!���!�=9���
���#���(�+�,Y �
"°î�lbfka�rÊx`lWa�Umh~a�ì�lbr{^Vx.^Vî6� R)rÊlbf?�@*A��
���#���!�9r{hÇxk^VlPSrsh H�^6rÊx`l�c\lWfka�x×T gÙ^VUWa
PSa,lmT%r{zÊa�P
T%x\TVzÊñShbr{hÉr{h#xkauauPSa�P¦cÔì,^6x\h~rsPSauUbr{xkv�a�TVìmf�hba�v6gÙa�x`lÉ^Vî;�2lbf+TÔl�rÊx`lbauUWhbauì,lWhY�HYÔ[k^6U~lWwkx\T%lba�z{ñVc
r{PSaux`lbr��+ì�T%lbr{^Vx÷^%î�T%z{z�lWfkauhba hba�vVgÙaux6lmhÁr{h�PS^Vx\aNa �Hì,r{a�x`lbz{ñ×R)rÊlbf\rÊx h~lWTVx\PkT%UmP÷ì,z{rÊð\ðkrÊx\v
lbauìmf\xkrB%`wka�hZîõUW^Vg ì,^6gÙðkwSlbauUQv6UWTVðkfkrsì�h�ü CÔþ°Yed"fkaÇTVö+^Ôp6a9PSauhWì,UWr{ðSlbr{^VxNrshQìuT%ðSlWwkUWauPÙr{xHlbf\a
îõ^Vz{zÊ^ÔR)r{xkvÙð\hba�w\PS^��°ì�^SPSaVY

jÍhba�w\PS^��°ì�^SPSaED
[k^VU)a�TVìmf	�GF�� lb^NöÄa(gÙ^ÔpVa�PNlb^HT�xkauR ðÄ^6hbrÊlbr{^Vx��(��D
ÿQUWauT%lba���
���#���#�-H>IEIKJÇh~a�h)ì,^Vx\xkauì,lbr{p`rÊl�ñ1P\TÔlWT�îõ^6UL��IEI
ÿQUWauT%lba���
���#�������'H;IEI�J9hbauh�ì�^Vxkx\auì�lWrÊperÊl�ñ PkT%lWT�îõ^VUL��I�I
ÿQUWauT%lba �NM=��,/6;.POEQR.!S �K,/3e�<��
���!���!�T9U��
���!���(�����VH
r�î ��W[�8�@*X��
���!���!���-YM�ZSckUWa,lWwkUbxU[ kl_WQ�P c
auz{hbaVcSUWa,lWwkUbx Z�N+dYP Y

û UWa,lbw\Ubx(^Vî([ kl_�Q�P îõ^6UÉT%xeñpVauU~lWa,úÇgÙa�T%x\h�lbf\T%l#T�gÙ^6UbaZPSa�lWTVrÊz{auP�ì�^Vz{zÊrshbrÊ^6x�PSa,lWauì�lWrÊ^6x
T%z{vV^VUWrÊlbfkg g
w\h~l"ö+að+auU~îõ^6UbgÙa�P¦Y`d"f\a9gÙ^VUWaÇPSa�lWTVrÊz{auPNv6a�^6g�a�lbUWr{ì9T%x\TVzÊñShbr{hQRQ^6wkzsP�lbfkaux
ö+a�ì,^VgÙðkz{a,lWauP×ö`ñ1lba�h�lWrÊx\v R)fka�lbfkauUTVx`ñí^%î�lWfka�r{PSaux`lbr��\auP_hba�v6gÙa�x`lWhÇT%UWa�rÊx`lWa�Umh~a�ì�lba�P
PSwkUWrÊxkv1T%xeñ ð\TVU~lÇ^%î�lbf\a�ð+auU~lWwkUWö\TÔlWrÊ^6x.ö+aurÊxkv ð+auU~îõ^6UbgÙauP�^6x\��
���#���#��Y "°î^]#_`_kp6a�Ublbrsì,a�h
Uba�lbwkUWx Z�N+deP cSlWfka�xílbf\a�h~auzÊa�ì�lba�Píð+auU~lWwkUbö+TÔlbr{^Vx+h)T%UWaÇðÄa�UWgÙr{hWh~r{ökz{aVY

JBK J aKbYklVeX�P!Q \ [ Z�\a] \^_�\^X^`

d"fka�UWaíTVUbaíT%zsh~^�ì�T6h~a�h
r{x�gÙ^Vz{auì�wkzsT%UÙPSñex\T%gÙrsì�h�R)fka�UWaír�lÙr{hÙì�UbrÊlbrsì�TVzQlW^�ìmf+T%xkv6aHlbf\a
r{hb^%lW^Vðeñ.a&%`wkr{pÔT%z{a�x\ì�aÙlb^�Uba=c\auì,lÁlbfkaHìmfkaugÙr{ìuT%z�ðkUW^VðÄa�Ublbr{auhÁ^Vî"Tíð\TVU~lWr{ì�wkz{TVUÁg�^6zÊa�ì,wkz{aVY
d"fkr{hÍr{hQT�PSrsh�lWrÊx+ì�lQð\Ub^6ökzÊaugÚTVUba�TÁUba4%6w\rÊUWrÊx\v�TÔl~lWa�x`lbr{^VxÙlW^
hba�zÊî �«r{x`lba�Umhbauì�lWrÊ^6x\h�ðkUW^SPSw\ì,a�P
ö`ñ ð+auU~lWwkUbö+TÔlbr{^Vx+h�Y

d"fka�ìmfka�gÙrsì�TVz¦rÊgÙðÄ^VUblWT%x+ì,aÁ^%î�ìmf\T%x\vVr{xkvÙö+^Vlbf.ì,^6xkxkauì,lbr{pVa�TVx\P aug
öÄauPkPkrÊxkv1ìmf\T%U��
TVì�lWa�UWr{h~lbrsì�h"rsh�hbfk^ÔR)xírÊx.[#rÊv6wkUWa nkc\TVh"UWa�ðÄ^VUblba�P auz{hba�R)f\a�UWaÙü n#��þ«Yk[#r{vVwkUWa�nl��Tj�"hbfk^ÔR�h"T
E`x\^%l~lWauP g�^6zÊa�ì,wkzsT%UQgÙ^ePka�z«Y2J9x\PSauUÍlWfkaìmf\a�gÙr{ìuT%z TVì,lbr{^Vx Eexk^ÔR)xHT6hQTHï h~lbUmT%x\P h~R)rÊlWìmf�ò
ü nl�,þ°c%lbf\aÇUWauhbwkzÊlQR=^VwkzsPÙö+aÁ[#rÊv6wkUWa2nl�¨ö^��Y(d=^%lWf ì,^6xkxkauì,lbr{per�l�ñÙT%x\PHa�g
öÄauP\PSrÊx\v�ìmf\TVxkvVa�h
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f\TqpVaÁ^Sì�ì�wkUbUWauP�Yl"�x_[#rÊv6wkUba na�¨T-��c �\p6a(pVauU~lWr{ì�auh�TVUba�ì�ñeì�zÊrsì�TVzÊz{ñ ì�^Vxkxka�ì�lWauPílb^Ùîõ^6Ubgælbf\a
E`x\^%luYÇû)îólbauU.lbf\a�h�lWUWTVx\P h~R)rÊlWìmf�c�lbfkUWa�aJxkauR�p6a�Ublbrsì,a�h�f\TqpVa÷öÄa�a�x r{x`lbUW^ePkw\ì,a�P¦Y'�9î
lbfka1^VUWrÊv6rÊx\TVzZpVauU~lWr{ì�auhuc�lWfkaHlW^Vð#�°gÙ^6h~l�T%x\PJlbfka1ö+^Vl~lb^6g zÊa�îól �°g�^`h�l�f\TqpVaHöÄa�aux xkauR)zÊñ
ì,^Vx\xkauì,lbauPJlb^ÖTVx�TVP\PSauPJp6a�Ublba�úÖlW^_îõ^VUWg T.lWUbrsT%xkv6zÊa6YÉd"fkaí^%lWfka�U
l�RQ^Öxka�R p6a�Ublbrsì,a�h
f\TqpVa)öÄa�auxHrÊx`lWUb^SPSw\ì�auP�lW^�TqpV^6r{P�r{x6lWa�Umh~a�ì�lWrÊ^6xNR)r�lWfNlbfkrshÍlbUWr{TVxkvVz{aVYV[\wkUblbfkauUbgÙ^VUWaVcVa�pVaux
lbfk^6wkvVf lbfkalbUWrsT%xkv6zÊaÁT%x\PHlbfka �\p6a(h~rsPSauP �\vVw\UbaÁT%UWaPkr{hWH�^Vr{x`luc`lbfkauñNîõ^VUWg r{x6lWa�UWzÊ^SìFEer{xkv
^Vö#H�a�ì�lWh�lbf\T%l#ìuT%xkxk^VlÉöÄaQhba�ð\TVUWT%lba�P9îõUW^Vg ^6xkaÍT%x\^%lbf\a�U|öeñÁT%xeñÁTVì�lWrÊ^6xÁlbf\T%lÉz{auTqp6auh�öÄ^%lWf
^%î"lbfkaug rÊx`lWT6ì�lÙT%x\PJTVz{hb^_PS^eauh�xk^%l�ì�T%w+h~a TVxeñ×r{x6lWa�UWgÙauPSrsTÔlWaHrÊx`lWa�Umh~a�ì�lbr{^VxJöÄa,l�R=a�aux
lbfkaugíY%d"f\r{h�a�úSTVgÙðkzÊa=R"TVh�ìmfk^6hba�x
lb^rÊz{z{w\h�lWUWT%lba=lbf\a"ì�UbrÊlbrsì�TVzeUb^6zÊaQîõ^VU#lbf\a=rsPSaux6lWr��Äì�TÔlWrÊ^6x
^%î�ì,UW^6hWh~r{xkv6huceR)fka�UWalbfka(v6a�xkauUWTVz ðkUb^6ökz{a�g ^VîÉrsPSa�x`lWr�îõñer{xkvHì,UW^6hWh~r{xkv`hQrsh�ì�^VgÙðkwSlmTÔlbr{^Vxl�
T%z{zÊñ Pkr��Hì,w\z�l�ü��uý%þ«Y
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êëfkrÊz{a�lbfka �G��ì,^6gÙðkzÊa�úSauh)îõ^6UÁö\T%z{zD��T%x+P!�°h~lbrsìFEíg�^SPSauz{hÁTVUba�w\h~a�îõwkz�rÊx\r�lWr{TVzZT%ö\h~lbUmTVì,lbr{^Vx\huc
g�^6UbaÇrÊx`lWa�UWauh~lbr{xkv�TVx\PHw\hba,îõw\zÄr{gNT%v6auhÍìuT%x1ö+aÁì,UWauT%lbauPNîõUb^6g gÙ^SPSauz{h=^%î|lbfkaö+^6wkx\PkTVUbñ
h~wkUbî¨TVì�auh=^%î�CVo gÙ^Vz{auì�wkz{auhuYeûÇh)rshÍl�ñeðkrsì�TVz¦rÊxívVUmT%ð\fkr{ìuh�cSTÙh~lWTÔlWr{ìÇgÙ^SPSa�z�gÙr{vVf`l)ö+a(ì�Uba��
TÔlba�P1TVx\P1lbfkaux lWUbrsT%x\vVwkzsTÔlWauP¦Ykd"fkaux�cSîõ^6U"TVxkr{gÙT%lbr{^Vx\h"^Vî#hbw\ìmf�T
lWUbrsT%x\vVwkzsTÔlWauP1g�^SPSauz�c
lbfkaÙT%z{vV^6UbrÊlbfkg ^6wSlbz{rÊx\auP_r{x.lWfkaH}eauì,lbr{^Vx nkY���r{ha,úelWa�x\hbrÊö\zÊa
lb^UC PSr{gÙa�x\hbrÊ^6x\huYÄd"fkrshr{h
h~r{gÙrÊzsT%U�lb^�RQ^6U�EJTVzÊUWauT6PSñ÷ðkwkökz{r{hbfka�P8ü��
	�þ°c�R)fka�UWaHlWfka.TVPSpÔTVx6lmT%v6a ^%î9lbfka�T%z{vV^6UbrÊlbfkg
^%îQ}ea�ì�lbr{^Vx[nSY)�
rsh9r{x_rÊlWhð+auU~îõ^6UbgNTVx\ì,a�r{gÙðkUW^ÔpVa�gÙaux6lmh"îõ^VUz{^eìuT%z«c+UmTÔlWfka�U9lbf\TVx_vVz{^Vö+T%z«c
ð+auU~lWwkUbö+TÔlbr{^Vx+h�Y%d"fka�h~a)z{^Sì�TVzkì,^Vx+h~rsPSa�UmTÔlWrÊ^6x\h�T%UWaQa�úSð+a�ì�lba�P�lb^ÁöÄa)w\h~a�îõwkz\r{xNh~r{g
w\z{T%lbr{xkv
ðkUb^6ð+auU~lWrÊa�h�^%î gNTVì,UW^p�°gÙ^Vz{auì�wkzÊa�h#f\TqperÊxkv(r{xÙa,úkì,a�hbh�^Vî+lWa�xÙlWfk^Vw\hWT%x+P�T%lb^6gÙhuY+"�xNð\TVU~lWr{ìG�
wkz{TVUuc+auTVUbz{rÊauU�R=^VU EÖü nScG��	�þÉUWa�z{r{auP�wkðÄ^Vx�lWfka
a�úeðÄa�x+h~r{pVa
ì�^VgÙðkwSlmTÔlWrÊ^6x.^%îZT%z{z#Pkr{h~lWTVx\ì,a�h
ö+a�l�RQaua�xHPSrsh H�^6rÊx`lÍp6a�Ublbrsì,a�h�cÔa�PSvVa�hZT%x\P�î¨T6ì,a�h�Yp"°lQR=T6hZh~ðÄauì�r��Äì�T%z{z{ñ�xk^Vlba�Píü nqþ+lbf\T%lZlbf\auhba
ð\T%r{UbR)rshba�PSr{h~lWTVx\ì,a�ì�^VgÙðkwSlmTÔlWrÊ^6x\h�ì,^6wkzsP1öÄa
PS^6xka�ðkUWr{^VU"lb^1T%xeñ hbrÊxkv6zÊa(ðÄa�Ublbw\Ubö\T%lbr{^Vx�Y
ø�^ÔR=a�pVauUuc�R)f\a�xëgNT%xeñùð+auU~lWwkUbö+TÔlbr{^Vx+hHT%UWa.ö+aurÊx\v a,úSauì�wSlba�P¦cZlWfka×^Ôp6a�UWfkauT6P�T6hbhb^Sì,r��
TÔlba�P�R)r�lWf�UWa�ðÄauT%lbr{xkv.T%z{z�lbf\auhbaÙPkr{h~lWTVx\ì,aHì�^VgÙðkwSlmTÔlbr{^Vx+hîõ^VU(auT6ìmfÖrÊlbauUWT%lbr{^Vx÷gNTqñ_öÄa
ðkUb^6fkr{ökr�lWrÊp6aVcÄð\T%Ublbrsì,w\z{TVUbz{ñ îõ^6U9lWfkaÙPSñex\T%gÙrsì
wkð PkT%lbauhÇa,úSðÄauì,lbauP×rÊx�h~r{g
w\z{T%lbr{^Vx\huYÄd"f\a
g�^6UbaQzÊ^SìuT%z{r��uauP(gÙa,lWfk^SPkhÉðkUba�h~aux`lbauP�fka�UWaQTp Ä^6UWP�hbr{vVxkr��+ì�TVx`l|ð+auU~îõ^6UbgNTVx\ì,a=TVPSpÔT%x`lmT%vVa�h
R)fka�x_g�w\ìmf_^Vî�lbfka�vVau^VgÙa,lWUbñ�ì�TVx.ö+aÙì,wkz{z{auP.öeñ�w\hba
^%îZx\a�r{vVfeö+^6Ubf\^`^SPkh�^%îQì�^VgÙð\TVì,l
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h~wkð\ð+^6U~l�Y�d"fkr{hrsh(ì,^6x\h~^6x\T%x`lR)r�lWf×lWfkaNh~ðkr{UWr�lÁ^%î=gÙTVxeñ_T%z{vV^VUWrÊlbfkgNhÇrÊx�vVUmT%ðkf\r{ìuhÇTVx\P
T%xkr{gNTÔlbr{^Vx|c#R)f\a�UWa�T6ì�ì�a�ðSlmT%ökz{a1ðÄa�Ubîõ^VUWgNT%x\ì�a rshNTVìmfkr{a�p6auP�ö`ñ hbr{vVxkr��+ì�TVx`lÙì�wkzÊz{r{xkv÷^%î
vVa�^6gÙa,lbUWrsì9^6ö#H�auì,lWh"lWf\TÔl�T%UWaÁrÊUWUWa�z{a�pÔT%x`l"lb^NT�ð\T%Ublbrsì,w\z{TVU=^6ð+auUWT%lbr{^Vx�Y

�Za,l9T%x\^%lbf\a�U�ìmf\TVzÊz{a�xkv6aîõ^VU�hbwkU~î¨T6ì,aÁgÙ^SPSa�zsh)^%î�gÙ^Vz{auì�wkzÊa�h"f\TVh"öÄa�aux�ðkUba�h~aux`lbauPír{x
T�UWa�perÊauRëT%Ublbrsì,z{a
ü n��Ôþ°Y`d"f\a�UWa�r�l=r{hQ^Vö+h~auUbp6auP�lbf+TÔl=ì�^Vx`lbaugÙð+^6UWTVUbñ�CVo g�^SPSauz{hQ^%î|oy9û
lbf\T%lUWa�z{ñ�wkð+^6x_lWwkökwkzsT%UgÙ^ePka�zsh9^VîQì,^6x\h�lmT%x`lì�rÊUmì,w\z{TVUÇì,UW^6hWh9hbauì,lbr{^Vx.îõ^6Uì�^VgÙðkwSlWrÊx\v
h�lWUba�hbhT%x\PÖh�lWUWTVrÊxÖT%UWa
^ÔpVauUbz{ñ1hbr{g�ð\zÊrsh�lWr{ìVc�PSauhbðkrÊlba�lbfkaurÊU(hbrÊv6xkr��+ì�TVx6lpÔT%z{wka
r{x×ðkUW^Ôper{P#�
rÊxkv �\Umh~l�^VUmPSa�U)PSñex\TVg�rsì(T%ð\ðkUb^qúSr{gNTÔlbr{^Vx+hQT%l�g�^SPSa�h�l�ì�^VgÙðkwSlmTÔlbr{^Vx+T%z¦a,úSðÄa�x\hbaVY+d"fkr{h
ì,^Vxep6a�xkr{a�x\ì�a
T%UWrsh~a�h�h~r{x\ì�a�lbf\a
a�x\vVr{xka�auUbr{xkvHa4%6w+TÔlbr{^Vx+h)îõ^VUÁh~lbUWauhWh9T%x+P_h�lWUWTVrÊx.a�úSr{h~lÇr{x
ì,z{^6hbauP1îõ^VUWgæTVx\P.T%UWa(auT6h~ñNlW^Hr{g�ð\zÊaug�aux`l�îõ^VU�a��Hì,r{a�x`l9ðÄa�Ubîõ^VUWgÙTVx\ì,a6Y\û gÙ^VUWa�T%g�ökr��
lbr{^Vw\hÇvV^`T%z«cSlbfk^6wkvVf|c+rsh�lW^ ì,UWauT%lba
THg�^6Uba
Uba�T%z{r{h~lbrsì(vVau^VgÙa,lWUbrsì(gÙ^SPSa�z�T%x+P_h~w\ö#H�auì,lÇrÊl
lb^HTÙì,^6g�ð\Ubaufka�x\hbr{pVa �\xkrÊlba(a�z{a�gÙaux6l9TVx\T%z{ñSh~rshuY

[kUW^Vg0ÿ=û��Áo�cÉhbðkz{rÊxka�h(f\Tqp6a�ð\Ub^Ôp6a�x_lW^.ö+a pqTVzÊw+T%ökz{aHTVhÁv6a�xkauUWTVz�vVa�^6gÙa,lbUWrsì�UWa�ðl�
Uba�h~aux6lmTÔlWrÊ^6x\h�c|lbfk^6wkvVf�Uba�ì,a�x`lWzÊñJT%zÊlbauUbx+TÔlbr{pVa�h�f\Tqp6a T%UWrsh~auxJrÊx�îõ^VUWg0^Vî��U��hbf\T%ðÄauhíü 	qþ«c
h~wkö PSr{per{hbrÊ^6x_h~w\U~î¨T6ì,auh(ü �Ôþ°c\TVx\P�ð+^6rÊx`l��°ì�zÊ^6w\P�PkTÔlmT.üD�j�,þ°Y\[kwSlWwkUWa�RQ^6U�E r{h"lW^ PSa�lba�UWgÙrÊx\a
lbfkaÁöÄauh~l�w\h~aÁ^Vî�lbfka(gNT%lbfkaugÙT%lbrsì�h=wkx\Pka�UWzÊñer{xkv�lbfka�h~aÁpÔT%UWrÊ^6w\hQUbauðkUba�h~aux`lWTÔlWrÊ^6x\hÍlb^NPSaG�
pVa�z{^Vð ^VðSlWrÊgNT%z v6a�^VgÙa�lbUWr{ì9UbauðkUba�h~aux`lWTÔlWrÊ^6x\h�îõ^6U=hbr{g
wkzsTÔlWrÊ^6x\hÍ^Vî|gNTVì�Ub^��«gÙ^Vz{auì�wkz{auhuYVê�a
xk^%lWa lWf\TÔlÙ^VwkUÙð\T6h�lÙr{x6lWa�UWauh~l�r{xùhbðkz{rÊx\a1gÙ^SPSa�z{r{xkvÖ^� ÄauUWh
lbf\aíðÄa�Umhbð+a�ì�lbr{pVa lbf\T%lNzÊ^ÔR
PSa�v6UbauaHh~ðkz{r{xkauh�T%UWaNzÊr)EVauzÊñ×lb^_öÄaHðkUWa,îõauUbUWauPÖîõ^VU�h~r{g
w\z{T%lbr{^Vx\huc�ökwSl
lbf\T%l�r{g�ð\zÊr{auh�lbf\T%l
T%xeñ�gÙ^SPSauz+^Vî|T(z{TVUbv6a)gÙ^Vz{auì,w\zÊaÇR)rÊz{z+x\a�auPNlb^�öÄaÇì�^VgÙð+^`h~a�PÙ^%î�gNT%xeñÙh~ð\zÊr{xkaÇhbwkUbî¨TVì�auhuc
l�ñ`ð\r{ìuT%z{zÊñ1Uba4%6w\rÊUWrÊx\v�lWfka�r{U�ð\TVrÊUWR)rsh~aÁr{x6lWa�Umh~a�ì�lWrÊ^6x1lW^HPSa,lWa�UWgÙrÊxka�ì�^VgÙgÙ^Vx�öÄ^Vwkx\P\T%UWrÊa�h
R)fka�UWaHlWfka�ñ�ìuT%x öÄa	H�^Vr{xkauP�c�T6h
f+TVh�ö+aua�x�l�ñ`ð\r{ìuT%z=rÊxëÿ=û��Áo üD��I%þ°Y#d"fkrsh�UWTVr{hbauh
lbf\a
T%z{vV^VUWrÊlbfkgÙrsì)r{hWhbwka�lWf\TÔl"h~w\ìmf rÊx`lbauUWhbauì,lbr{^Vx\hQT%UWa�^Vx\zÊñNT%ð\ðkUb^qúSr{gNTÔlba�P.üD�4CÔþ#c`TVx\PNrÊl=R)r{zÊz
ö+a�xkauì�auhWhbTVUbñ1lb^1a�x\hbwkUWa�lWf\TÔl(T%ðkð\Ub^6ðkUbrsTÔlWa�a�UWUW^VU�öÄ^Vwkx+Pkh^Vx.lWfk^6hba�TVðkðkUW^qúer{gNTÔlWrÊ^6x\h
T%UWa�ðkUWauhba�UWpVauPNPkwkUbr{xkv�h~r{g
wkzsTÔlWrÊ^6xHr{x ^VUmPSauUZlb^�gNT%r{x6lmT%r{xNlbf\a9lW^VðÄ^Vz{^VvVrsì�TVz\r{x`lba�v6UbrÊl�ñ�^%î
lbfka(gÙ^SPSa�z«Y

d"fka�UWaíTVUba�T%zshb^ÖðkUW^VgÙrsh~r{xkv÷PSa�p6a�z{^VðkgÙaux6lmh�îõUb^6g ì,^6g�ð\wSlWT%lbr{^Vx\TVzQlW^VðÄ^Vz{^Vv6ñ÷lbf\T%l
gÙTqñùì,^6x6lWUbr{ökwSlWa.lb^ lbfkrshHðkUW^Vö\zÊaugíY "°l f\T6hNö+aua�x8hbfk^ÔR)x ü��,þ9lWf\TÔl1r�lír{hNðÄ^6hWhbrÊökz{a.lW^
ìmf\T%xkv6aZlWfka Eexk^VlÉa4%6w\rÊpÔT%z{a�x+ì,aQì�z{T6hbhÉR)fkaux�ì,UWauT%lbr{xkv9TjÍX1T%ðkðkUW^qúSrÊgNT%lbr{^VxÁ^%î+TÇh~gÙ^e^%lWf
wkxlEexk^%l�Yud"f\T%l�a,úkT%gÙðkz{a�rsh�UWa�ðÄauTÔlWauPfkauUba6Y�[#rÊv6wkUba�C)hbfk^ÔR�h l�R=^�hbrÊgÙðkz{a�fk^VgÙau^VgÙ^VUWðkfkrsì
h~ð\T6ì,a×ì�wkUWpVauhucZR)fkauUba_lbfka�jÍX ì,w\Ubp6a_r{h1T%x TVðkðkUW^qúer{gNTÔlWrÊ^6xù^VîÁlbfka�h~gÙ^e^%lWf ì,wkUWpVa6Y
ø�^ÔR=a�pVauUuc\lbfka�h~a�ì,wkUWpVa�hÇTVUba
xk^%lÁr{hb^%lW^Vðkrsì�öÄauìuT%w\hba�lWfka�ñ_Pka�ðkrsì�l(PSr� ÄauUbaux6lEexk^%lmh=DÄlbf\a
h~gÙ^e^%lWf ì,wkUWpVaÇr{hÍlbf\aÇwkxaE`x\^%luc`R)fkauUba�TVh�lWfkaÁjÍX×TVðkðkUW^qúSrÊgNTÔlWrÊ^6xÙr{hQlbf\a��\v6wkUba��°ý�E`x\^%luY

"�x�lbf\aQUWrÊv6f`l#f\TVz�î+^%î+[#r{vVwkUWa�C\culWfka��Çì�^e^VUmPSrÊx+TÔlba�h|^Vî+hb^VgÙaÍp6a�Ublbrsì,auh#T%UWaQhbðÄauì,r��+ìuT%z{zÊñ
rÊx\Pkr{ìuTÔlba�Pílb^Naug�ð\f\TVhbr��uaÁlbfka�îõ^VwkU:Eexk^VlÇì,UW^6hWhbrÊxkv`h=rÊx�� � ��T%z{z�^%lWfka�U9a�x\P�ðÄ^Vr{x`lWh)f\Tqp6a
� M��j��Y#û�z{zÍaux\PJðÄ^Vr{x6lmh�^Vî=lWfka z{r{xka hba�vVgÙaux6lmh(r{xJlbfka1jÍX TVðkðkUW^qúer{gNTÔlWrÊ^6x�TVUbaHTVz{hb^
ð+^6rÊx`lWh�^Vxílbfka(^6Ubr{vVr{x\TVz ì�wkUWpVaVY\}SrÊx\ì�a(gNT%xeñ v6UWTVðkfkrsìÇTVx\P�h~r{g
wkzsTÔlWrÊ^6xíTVzÊv6^VUWr�lWfkgNh)T%UWa
a,úSauì�wSlba�PJwkðÄ^Vx�jQX8T%ð\ðkUb^qúSr{gNTÔlbr{^Vx+hÁ^%î9ì,^6gÙðkzÊa�úJvVa�^6gÙa,lbUWrsìNgÙ^ePka�zsh�c#r�lÙh~f\^VwkzsPJöÄa
ì,z{auT%UÇlbf+TÔlÁf\TqperÊxkv lbfkrshOEexk^%lblba�P×ì,w\Ubp6a�TVhT%x�T%ðkð\Ub^qúSr{gÙTVx`l�lb^1lbfka�^VUWr{vVr{x\T%z#wkxlEexk^Vl
RQ^6wkz{P1öÄa(wkx\PSa�h~r{UWTVökz{ar{xílbfk^`h~a(ì�rÊUmì,wkgNh~lWTVx\ì,a�h�Y

}erÊgÙr{z{TVUNð\TÔlWfk^Vz{^Vv6rÊa�hNì�TVxù^Sìuì,wkUHR)f\a�xëT%ðkð\Ub^qúSr{gÙT%lbr{xkv÷h~wkUbî¨TVì�auhuYÍ[k^6UNa,úkT%gÙðkz{aVc
ì,^Vx+h~rsPSa�U"T�h~wkUbî¨TVì�aÇì�Uba�TÔlba�PHöeñHhbRQaua�ðkr{xkv�T�ì,r{Umì,z{a9^%î�ì,^6x\h�lmT%x`lQUmTVPkrÊw\huceT%z{^Vxkv
lbfkaÁwkx#�
E`x\^%lQì�wkUbp6a)h~fk^ÔR)xÙr{xH[#rÊv6wkUba C(lb^Áîõ^VUWgÚT�ðkrÊðÄa9hbwkUbî¨TVì,a�ü���nÔþ«cVR)fka�UWa"lbfka9UWT6PSrÊw+h�^%î lbf\a
ì,wkUWpVa�R=^Vw\z{PNöÄaÇì�^Vx\h~lbUmT%r{xka�PNh~^
lbf\T%lÍlbf\aÇUWauhbwkzÊlbr{xkv�ðkr{ð+aÁhbwkU~î¨T6ì,a�R=^Vw\z{PNöÄaxk^Vx#��hba�zÊî �
rÊx`lbauUWhbauì,lbr{xkvÖü��	�%þ«YÄd"fka�xÖr�lÁh~f\^VwkzsP_öÄa�ì�zÊa�T%UÇlbf\T%lT%x×rÊz{zD��TVPkp`rshbauP�lWauhWh~auzÊzsTÔlWrÊ^6x.^%îZlWfkr{h



�

z = -2
z = 100

z = -1

z = -1

z = 1

%'&)( ¹��\¹ Å��=Å º�� ���	�¦� � º Å=��
)Å��"�Z�

h~R=a�ðSl9hbwkUbî¨TVì�aÁì�^VwkzsP¦ckrÊlWhba�zÊî�c\öÄauì�^VgÙa Eexk^%lblba�P¦Y\t)a�ì,a�x`lWzÊñ1ðkwkökz{r{hbfka�Píì�^Vx\h~lbUmT%r{x`lWh(ü���okc
�	�Ôþ�a�h�lmT%ökz{r{hbf×R)f\a�x÷T%ðkðkUW^qúSrÊgNT%lbr{^Vx\hÇ^%î�n+�«gNTVxkr�îõ^6z{P\hÇð\Uba�h~auUbp6a�lbf\a�^6Ubr{vVr{x\TVzÉrsh~^Vlb^6ð`ñ
ì,zsTVhWh�Y¦d"fkaÙðkUW^e^%î¨h^%îZlWfkauhba�lbfkau^VUWa�gNhauh~lWTVökzÊrshbf�T lbwkö\wkz{TVUÁxka�r{vVfeöÄ^VUWfk^e^eP×rÊx�R)fkrsìmf
lbfka�TVðkðkUW^qúer{gNTÔlWrÊ^6x rsh"vVw\TVUWTVx6lWa�a�PNlb^NöÄa(rsh~^Vlb^Vð\r{ì9lb^ÙlWfka(^VUWrÊv6rÊx+T%z¦h~w\U~î¨T6ì,aVYk[\^VU)a�TVìmf
gÙTVxkrÊîõ^VzsP¦c%rÊlWh�lWwkökwkzsT%UZx\a�r{vVfeö+^6Ubf\^`^SP�R)rÊz{zköÄa)a,úSðkz{^VUWauP�TVh�T(ì�^Vx\h~lbUmT%r{x`l#R)rÊlbfkr{xNR)fkrsìmf
lbfkaQr{hb^%lW^VðeñÇì�z{T6hbh|^%îkPSñex\T%gÙrsì�TVzÊz{ñìmf+T%xkv6rÊxkv)gÙ^6zÊa�ì,wkz{auhÉì�T%x(öÄaÍð\Uba�h~auUbp6auP¦Y,êëf\a�x�g�wkzD�
lbr{ðkzÊah~w\U~î¨T6ì,auh�TVUba�ì�^Vg�ökrÊx\auPÙr{xHT(gÙ^ePka�z«c%lbf\a9rshbhbwka)^%î¦fk^ÔRùlWfkauhba9ì,^6x\h~lbUmT%r{x6lmh�h~f\^VwkzsP
rÊx`lbauUWT6ì�lZrshÍTÁxk^6x#�«lbUWrÊpersT%zS^VðÄa�xNð\Ub^6ökzÊaug�Y6}ew\ìmfÙlWauìmfkxkr %`wkauhZgÙTqñ�ö+a9w\h~a�îõwkzkîõ^6UÍgNTVì�Ub^��
g�^6zÊa�ì,wkzsT%U�hbrÊg�wkzsTÔlbr{^Vx+hÉR)f\a�UWaQðkUWauhba�UWpÔTÔlWrÊ^6x�^%î+lb^VðÄ^Vz{^Vv6ñÁr{h�UWa&%`wkr{Uba�P(îõ^6U�Pkñ`x+T%gÙr{ìuT%z{zÊñ
ìmf\T%xkv6rÊx\v�gÙ^Vz{auì�wkz{auhuY

d"fka�UWaZrshÉTÇh~wköklbz{aVc�ökwSl#hbr{vVxkr��+ì�TVx`luc�ð+^6rÊx`l|lW^9^6ö\h~auUbp6aZT%öÄ^VwSlÉlbfkrshÉwkxlEexk^%l#a,úkT%gÙðkz{aVY
"°l9r{h9auT6h~ñ lb^Hpersh~w\TVzÊz{ñ r{x\hbð+a�ì�lÇlbfka�^6Ubr{vVr{x\TVz|ì,wkUWpVa(^VîZ[Ér{vVw\Uba�C�lW^ PSa,lWa�UWgÙrÊxka�lbf\T%lÇrÊl
R=T6h(lbf\a1wkxaE`x\^%l�öeñ�lbf\a1ìmf\TVxkvVaH^Vî�r{hb^%lW^Vðeñ÷ì,zsTVhWh
PSrshbì�w\hWh~a�PJðkUWa�perÊ^6w\hbzÊñ6YÉø�^ÔR=a�p6a�U�c
r�l�f\T6hö+aua�xJh~f\^ÔR)x_lbf+TÔl(a�p6a�x�����=� "� ����`���ÙlWfkaÙwkxlEexk^VlÁrshÁxk^Vl(TVxÖa�TVhbñ_T%z{vV^6UbrÊlbfkgÙrsì
ðkUb^Sì�auhWhHüD��ýÔþ°Y|ø�aux\ì,a6c|lWfka h~lbUmTÔlWa�vVñÖR)fka�xJR=^VU EerÊx\v.R)r�lWfJg�^6zÊa�ì,wkzsT%U
g�^SPSauz{h�h~f\^VwkzsP
�; #"����=_��(wkðÄ^Vx.öÄa�r{xkvíT%ökz{a(lb^ vVr{pVa�TNgNTÔlWfka�gNT%lbrsì�T%z#h~ðÄauì�r��Äì�TÔlWrÊ^6x.^%î�lbf\a Eexk^%l9l�ñ`ðÄaVY
"�x\PSa�a�P¦c\hbw\ìmf�T�x\^%lbr{^Vx�R=^VwkzsP1zÊr)EVauzÊñHöÄa�%`wkrÊlbaÁîõ^VUWa�r{vVx lb^NgÙ^6h~l)ðkUmTVì�lWr�lWrÊ^6xka�UmhuY

� �ÖàQÝ9ãB3~âÇá9äbÝ:9 � 7e?Úå�ß �C4
�ÇwkU�a,úSðkz{^VUmTÔlb^6UbñÇaG ^VUblWhÉlb^ÁPkT%lba"T%UWaÍðkUW^VgÙrsh~r{xkv\YÔd"fkaQîõ^VUWgNT%z{r{hbgNhÉPkr{hWì,w\hWhbauP�f\a�UWaQì�TVx
zÊa�TVPílb^1h~^Vîól�R=TVUbaÁlW^`^6z{h)lb^ aux\hbwkUbaÁlWf\TÔlr�î�lWfka(lW^VðÄ^Vz{^VvVñ1^%îZTNgÙ^SPSa�z#rsh H�w\PSv6auPílW^ öÄa
ì,^VUWUWauì�l�cSlbf\a�xÖhbwkö\hba&%`wkaux`l9vVau^VgÙa,lWUbrsì(T%ðkð\Ub^qúSr{gÙT%lbr{^Vx\h9T%x\P.PSñex\TVgÙr{ì
ð+auU~lWwkUbö+TÔlbr{^Vx+h
R)rÊz{z �! #"6TVz�lWa�U¦lWf\TÔl|lb^VðÄ^Vz{^Vv6ñ�rÊîSlbfkaÍTVðkðkUW^qúSrÊgNTÔlWrÊ^6x\h T%x\PÁðÄa�Ublbw\Ubö\T%lbr{^Vx\h|T%UWaZT%ðkðkUW^Vð\Ubr��
TÔlbauzÊñHì�^Vx\h~lbUmT%r{xka�P¦Y`û9z�lWfk^Vw\vVf rÊl)r{h"ì�zÊa�T%UQlbf\T%l)TVðkðkUW^6T6ìmfkauhZlb^�lbfka�h~agÙ^Vz{auì,w\z{TVUQðkUW^Völ�
zÊaugÙh�R)r{zÊz=UbauzÊñ�wkðÄ^Vx�Pkñ`x+T%gÙr{ìHrÊx`lbauUWhbauì,lbr{^Vx PSa�lba�ì�lbr{^Vx|c|lWfka1hbð+a�ì,rsT%z{r��uauP�lWauìmfkxkr %`wkauh
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PSauhWì,UWrÊöÄauP_fka�UWa
TqpV^6r{P�gNTVx`ñí^%î�lWfka�RQauzÊz�� Eexk^ÔR)x�ðÄa�Ubîõ^VUWgNT%x\ì�a�ðkUW^Vökz{a�gNh9T6hbhb^Sì,rsTÔlWauP
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UbaugÙTVrÊx+hÁlb^�îõ^6Ubg�wkz{T%lbaNökUW^6T6PÖTVzÊv6^VUWr�lWfkgNhlbf\T%l
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