
���������	��
��������������������������� �!��"#�$���	
�%���
���&�'��()%�"#�+*,�	-."#�+/���
#"
0 �1�.2	�$"#�43!��-.����2$�5�76

8#9;:=<$>7?A@$:CBED�>F<$GH>7<$@�I�<J?AKMLN:PO�:=QJQR9TSASUK

V=W SAX�Y�9NQ$?AZ�>F?�[ V7\7\=]

^#_a`cbdbdbd`Medede
fgihkjmlTnEoRpTq�rsjutvgxwsy{z}|vpTjmr

o~_��d�
�d��h�tvl��dtk|5lT�sl���T�Ah�t�7�~��lT���5�sgilT|k�A�s�uj

�N�T�m���)� tvl
��t5l�nie

�



� �����E�#���E�

���1�=�� U¡	¢E£J¤��A¥¦¡7� §
�T¨i�ª© js|vr7pNhk� ¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨ «
�T¨¬ �.��tk�spu� ¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨ «

®°¯~±;²���³c µ´s¶H±N·�¡m U¸ §
¬u¨i� �¹w;tk|vpu�ujm�ºtvgxpNw ¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨ «
¬u¨¬ ^E��h�t�hk����ws�Ah ¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨ �
¬u¨ « _#jsw;tvgxq���hk�1t�tvgxwmyNh ¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨ »

¬u¨ «s¨i� _¼lN�ug½lµtkpN|#h���t�tkgiwsy;h ¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨ »
¬u¨ «s¨¬ _#��wm�u��|krmlT|k¾�hk�1tktkgiwsyNh ¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨ ¿

¬u¨ � �.�AlThkjs|k��q���w;tvh ¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨ ¿
¬u¨ � ¨i� ^agiq�� ¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨ ¿
¬u¨ � ¨¬ À wm��|vyTe�tv|vlTwmh�ÁÂ��|vh ¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨ ¿
¬u¨ � ¨ « �dpNnxjstkgipTwÃqÄ��q�pT|ve ¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨ ¿

¬u¨ÅÇÆ �AlµÁ$��ni��q���w;t5h ¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨ È
¬u¨ »ÊÉ lT|v�sË~lT|k��l�wm�Ãhkp�ÁÌt�Ëal�|v�rsn½lµtkÁÂpT|vq ¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨ È

§ÇÍ{±d²A£EÎ¦��² Ï
«s¨i� ^agiqÄ� ¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨ È
«s¨¬°À ws��|kyNe�tk|5l�wFh�ÁÂ��|vh ¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨ �N�
«s¨ « �dpNnxjutvgxpNwÐqÄ��q�pT|ve ¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨ �UÅ
«s¨ � Æ �AlµÁ$��ni��q���w;t5h ¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨ �µ¿
«s¨Å f�g½hkjml�nÑ���µl�nijmlµtvgxpNw ¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨Ç¬T�

«s¨Åu¨i� ^a�s��q�jmhk��jsqÒhv�1��ws� ¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨Ç¬s�
«s¨Åu¨¬ Ó lThkg½h#�1pTq�rmlT|kg½hkpTw ¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨Ç¬s�
«s¨Åu¨ « À |v|vpT|~tk�s|v��hk�spNni�sh#��pTq�rmlT|kg½h�pNw ¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨Ç¬T«
«s¨Åu¨ � oRpNqÄrFl�|vgihkpTwÔË#gÕtv�Ã�NpTnijsq����1nijmh�tv��|vgxwmy ¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨Ç¬NÅ

Ö ×�¡F�J¤TÎc£E²A¥¦¡7�J² ®7Ø
� ¨i� ^agiqÄ� ¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨Ç¬NÅ
� ¨¬°À ws��|kyNe�tk|5l�wFh�ÁÂ��|vh ¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨Ç¬TÈ
� ¨ « �.��qÄpN|ke ¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨Ç¬T�
� ¨ � �dpNnxjutvgxpNwÐnx�AlU�T��h ¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨Ç¬T�
� ¨Å z}nipNhvh�e Ó _¼Ù}Úmh ¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨Ç¬T�
� ¨ » f�g½hkjml�n	Û;jmlTnxgxt�e ¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨Ç¬T�
� ¨Ü¿ Úsjstkjs|v��ËRpN|k¾ ¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨�¨}¨�¨�¨�¨�¨�¨�¨�¨�¨Ç¬T�

Í{±d³�±; µ±;�J¤T±d² §	�

¬



Ý Þ ���	ß$��àÔáÃâã�Jä1���

å�æ�å çéè�êsë�ìîí;ï
ð��ÄËal�w;t�tkpÃgiw;�N��h�tkgiyNl�tk�Ä�spµËñpTjm|}�mgx��|vlT|v�5�sg½��lTnE�mgxyN�s��|�pT|5�u��|}�N���1tkpT|}|5lT�ugipNhkgÕt�e�hkeuh�tv��qóòkôNõµö¦ô�÷�ø�ò�ù¹úkû¹ù¹ü5û
ý ���mlU�N��h~gxwÃtv��|vq�hapTÁEtvgxq���lTwm�{q���qÄpN|ke{|k�AÛNjmgx|v��q���w;t5hajswm�u��|#�UlT|kgipTjFh~��pTwm�sgÕtvgxpNwmh ¨
^a�s��tv��h�tvhaË~��|v��lTgxq��A��tvp��T��|vgxÁÂe�tk�ml�t¼pTjs|¼hkp�ÁÌt�Ëal�|v��FlTh~tk�m��ÁÂpTninxpµË#giwsyÄrs|kpNrF��|�tvgx�Ah�þ
g ¨ f����1tkpT|#gi|v|vlN�ugilTwm�1�}g½haqÄpN|k����ÿ7�A�ºtkgi�T�}tv�ml�w.hv��l�n½l�|a|5lT�ugipNhkgxt�eÄË#�m��wÃtk�s����wd�;gi|vpTwsq���w;t5hîtvp�h�pNnx�N��mlU�N�
l�wÐginxnijsq�gxwFlµtkgipTwÐ�u��tvl�gin	��pNl�|5hk��|Rtk�mlTwÃyN��pNqÄ��tk|vgi�}�u��tvl�gin��

gxg ¨#É giyT�s��|#pT|5�u��| ý lThk��hah�giyTwmg��F��l�w;tknie�|v���ujF�1�}tk�s��wdjsq ý ��|#p�Á$��ws��|kyNe�tk|5l�wmh�ÁÂ��|#nigiws¾uh~tkp��1pNq�rsjutk���
gigxg ¨ �d�spdp�tvgxwmy�hklU�N��hRqÄ��q�pT|ve��dÁÂpT|atv�s���u�A�1|v��lThkgiwsy�wdjsq ý ��|#p�Á$nxgiws¾uh#lµÁÌtv��|�l�ÁÂ��Ë�gxtk��|vl�tkgipTwmh��
gx� ¨ ��t¼gih¼rFp;hkhkg ý nx�}tkp�hkpTni�T��l�wF�Ô�ug½hkrsnilUe{yTnipNhvh�e���w;�dgi|kpNq���w;tvhalµt¼giw;tk��|vlN�ºtkgi�T�ÁÂ|5l�q���|vl�tk��h ¨

å�æ	� 
óï����ì��
�¹w�pN|v�u��|¼tvp{�mlU�N����wd�dgx|vpTwmqÄ��w;tvh¼Ë#gxtk� gxninxjmqÄgiwml�tkgipTw ni��hvh���pTq�rsni�1bÐtk�Fl�w�yN��pTq���tk|veÔË~� ý jmgxnxt�l�ÁÂ��Ë tv��h�t
hv�1��wm��h¼jFh�giwsy�q�l�giwsnieÔwspNwu`�rsnilTwml�|�p ý�� �A�ºtvh���lN�5�Ãq�lN�u��jsr.pTÁã�;jmwm�u|v���sh#pTÁ$tk�spNjmhklTwm�sh�1pTwmws���1tk���Ãtv|kg½l�ws`
yTni��h ¨ ÚspN|�rs|vpTr7��|ktkgi��h��Âg��Äl�wm���Âgigxg���ËR�Ã�1pNqÄrFl�|v��� pNjs|�q���tk�spu�HlTyNlTgxwmh�t)tv�s�Ã�TpTnijsq��Ð�1nijmh�tv��|vgxwmy�� »�� � ¿��
hv��l�n½l�|#|5lT�sgxp;h�gxt�e�q��1tv�spu��lTh#giq�rsni��q���w;tk�A�Ðgxw�tk�s��rmj ý nigi��_¼��wm�u��|krFl�|v¾�� Å�� rFlT�5¾µl�yN� ¨ ^	p��N��|vgÕÁÂeÔrs|kpNrF��|�t�e
�Âgigig��Rtv�s���1pTq�rmlT|kg½hkpTw�ËalTh~pTwmnxe�q���lTw;t~tvpÄhk�spµË tv�s���ugxÿ7��|k��wm�1��giwÔwdjsq ý ��|#p�Á	nigxwm¾dhaË#gxtk�Ã|v��hkrF�A�ºtatkpÄtk�m�
yNl�tk�s��|kgiwsy�q���tk�spu� ¨ ÚmpT|tk�s�Än½lTh�trs|vpTr7��|kt�e��=Ë~�ÄlNhkhkpu�1g½lµtk�A�.l�yNnxp;hkhkeÐq�l�tk��|kg½l�nEtkpÃh�pNqÄ�Äp�Á�tv�s��p ý�� �A�ºt5h
q�l�¾dgiwsy�jsrÃtk�s��tv��h�t�hk����ws�Ah#l�wm�ÃË~� ý jsginÕt�l�q�jsnxtkgxtk�s|v��lN�u���Ãrs|vpTyN|vlTq |kjswmwsgxwmy�tv�s���sgiyT�s��|�`�pT|5�u��|ahkpTni�T��|
giwÔrmlT|vlTnxni��n7Ë#gxtk�Ðl��dgx��ËR��|a�1bursnipTgxtkgiwsy)|v������w;t~rm|kpNyT|5l�q�q�l ý ni�¼yT|5l�rm�sgi��hî�Fl�|5�uË~lT|k��gxwÃpT|5�u��|Rtkp�hk�mlT�u�tk�m�
r7pTnie;yNpTwmh~jmhkgiwsy�wspTwu`¹�1pNwmh�tvl�w;t ý lNh��AhîÁÂpN|#gx|v|5lT�ug½l�wm���}lTwm�ÔÁÂjsnin Ó _¼ÙÚ ¨

ÚspN|�l�wH�AlThke |k��rs|kpu�ujF�ºtkgipTwHp�Á�pNjs|Ätk��h�tvh��ãË~�ÔjFh��A� rsj ý nxg½�1nieHlU�µl�ginil ý ni�Ô�1pNq�rsnx��b p ý�� �A�ºt5h�� ¬�� l�wm�Cz}|k��y
ð l�|5�� h#�éz�Ú ÁÂpT|vq�lµtatkp���pTq�rFp;h��}tv�s��hk����ws�Ah ¨
^Ep)h�tvjm�ueÄyT��pTq��1tv|kg½�#hk��l�n½l ý ginigÕt�e��TË~�¼rs|v��rmlT|k�A�Ä�sgÕÿ=��|v��w;tî�N��|5h�gipTwmh$pTÁ tk�s�hklTqÄ��1pTq�rsni�1b�hv�1��wm���T�AlT�5��pTwm�
Ë#gxtk�.l��ugÕÿ=��|v��w;t¼r7pTniedyTpTwÃ�1pNjsw;t ¨
^EpTyT��tk�s��|îË#gxtk�ÔyT��pNq��1tk|vg½�#�1pTq�rsni�1bugxt�e��;tk�m��rmlT|vlTqÄ��tk��|vh�Ë~��5�Fl�wsyN����giw�tk�m�hkgxq�jsnil�tkgipTwmhîËR��|k��tk�s���|v|kpN|
tk�m|k�Ah��spNni�Ãl�wF�{gi|k|5lT�sgilTwm�1� ý lThkg½hapT|5�u��| ¨

�¹wÄtk�s�#wm�1bdtîh��A�ºtvgxpNw�Ë~�#�u�1t5l�ginutk�s�atv��h�t�ÁÂ|vlTq���Ë~pT|v¾ ¨ �¹w��u���ºtvgxpNw « Ë~�#h��mpµË tk�m�#�UlT|kgipTjFhE|v��hkjsnxtvh$p ý tvlTgxws�A�
Ë#gxtk�.|5lT�ug½lµtvpT|¼�1pNq�rml�|v�����mË#�s��|v��r7pNhvh�g ý ni���stvp�|v��wm�u��|krFl�|v¾ ¨ �¹wÐtk�s��hklTqÄ��hk���1tkgipTw.Ë~���dgihkjml�ninieÔ�1pNq�rml�|v�
|5lT�ug½lµtvpT|� h~h�pNnxjstkgipTwmh~tvp�|k��wm�u��|vrmlT|k¾! h ¨ ^a�s���1pNwm�1nijmhkgxpNwmhRÁÂpTninxpµË�gxw��d�A�ºtkgipTwÃ� ¨

" # �#�Ñ�%$Uß'&)( ��* ��ß'+

�aæ�å ,�-.�uêsì/��è10���2�ì3-
�js|�tv��h�tvh�l�giq����Htkp giwd�T��h�tkgiyNl�tk�Ôtkgiq��ÐlTwm�Cq���q�pT|ve rF��|�ÁÂpN|kq�lTwm�1�Ãp�Á}tk�s�.�mgx��|vlT|v�5�sg½��lTnR�mgxyN�s��|�pT|5�u��|
�T�A�ºtvpT|Ä|vlN�ugxp;h�gxt�e h�euh�tk��qóËR�Ã�mlU�T�Ôgxq�rsni��q���wNtv���HÁÂpT|Ärs|vpd����hvh�giwsyé|k�Al�nigih�tkg½��ginxnijsq�giwmlµtv���Pgxwm�sp;pN|�hk����ws�Ah
�1pNw;tvl�giwsgiwsy��sgiyT�snieÔtk��hvhk��ninil�tk���Ãp ý�� ���1tvh ¨ ^a�m��q���lThkjs|v��h#giw;tk��|k�Ah�tvgxwsy�tvp�jmhl�|v��tkgiqÄ���Fwdjsq ý ��|�pTÁ$��ws��|vyTe
tk|5l�wFh�ÁÂ��|ãnxgiws¾uh��Nq���q�pN|ke�jmhklTyT���Twdjsq ý ��|Rp�ÁÑhkpTnijutkgipTw�ni��l�Á=��nx��q���w;tvhRl�wm��pµ�N��|5l�nins��l�rFl ý ginxgxtkgi��hîË#gÕtv��yTnipNhvhke
hv�1��wm��h ¨ ð��ÔlTnihkp.Ëal�w;tk�A� tvp�yT|5lThkr�tk�s�{rF��|�ÁÂpN|kq�l�wF�1��p�Á��sgÕÿ=��|v��w;t)pN|v�u��|vh�pTÁ#gx|v|vlN�ug½l�wm��� ý lThkgih)l�wm��tvp
h�tk|v��hvhatk�s��gxq�r7pT|ktvlTwm�1��pTÁJtv�s�Ãõ�465vø87�9�:;4�<=:Üö�>�?d÷�<A@5òkøCBD<E>F4vø8BG4�÷MòIHÃlTrsrs|vpNlT�5� ý eÃ��pTq�rmlT|kg½h�pNwÐË#gÕtv��l�w.pTn½�u��|
h�tvl�wF�sl�|5��q��1tv�spu�J�¦ËR�#�5�sp;h��R�TpTnijsq��a�1nijmh�tv��|v���Äz�l�ni��|v¾;giw)|5lT�sgxp;h�gxt�e�lThJgxq�rsni��q���wNtv����gxw�tk�m�~_#��wm�u��|krmlT|k¾
hkp�ÁÌt�Ëal�|v��� ¨

ð gxtk�Ãtk�s��l ý pµ�N�yNpNlTnih~giwÃq�giwm�ÃËR���µl�|vgi���Ãh�pNqÄ��pTÁEtv�s��rFp;hkhkg ý nx��giwsrsjut¼rFl�|5l�q��1tv��|5h��dwmlTqÄ��nxe=þ

«



KML 45ø8BG4�÷còºöE5J55øCBN9�:;4PONöÌ÷	H�QÄ^a�sg½h}gih�|v��rs|v��hk��w;tv��� ý eÐtk�m��wdjsq ý ��|}pTÁRgiwsrsjut�rs|vgiqÄgxtkgi�T�AhG�Ìtk|vg½l�wsyNnx�Ah�pN|
ÛNjFlT�sh6�¼giw �AlT�5��hk����ws� ¨ ^a�s���u�1t5l�ginihÁÂpN|}�AlT�5��hk����ws��l�|v�)giw�hk���1tkgipTw ¬u¨¬u¨ ^a�s��hvl�q��Ähv�1��ws��h}Ë~��|v�
tk|vgx�A� Ë#gÕtv�H|v��wm�u��|krFl�|v¾��$l�nxtk�mpTjsyN� ËR��giw;tk��|kr7pTn½lµtv��� hkpTq��{|v��hkjsnxtvh�ÁÂpN|)giw;tk��|vq����ug½lµtv�Ô��pTq�rsni�1bugÕt�e
hk����ws�AhRgiwÐpT|5�u��|atvp�h�r7���A�{tv�s���1pNq�rml�|vgihkpTw{rs|kpu����hvh ¨

KSR 4�:xôµ÷Mö�T�4U41òºòkø�òÔ÷V?dòP4IWX?sø8:xõ�Q ��tÄg½hÄtk�s�ÃÁÂ|5lT�1tkgipTw pTÁ�tk�m�Ôtvp�t5l�na��q�gxt�tk�A�Hr7pµË~��|ÄgxwPtk�s�.hv�1��ws� ¨ ^a�m�
�UlTnxjm��hãË~��jFh��A��l�|v�ZY�[�\^]8_�Y�[�\�`C_�Y�[�\!aCb;ð gÕtv�Ô_#��wm�u��|vrmlT|k¾ÄËR��tk|vgx�A��pTwmnxe�l)hkj ý hk�1t~p�Á tk�m��r7pNhvh�g ý ni�
hk����ws�CcAtk�m|k�Ah��spNni�Ô�1pNq ý giwmlµtvgxpNwmh ¨

KMd òvõ�4�ò~øe@RöÌòºòkôNõµö¦ôCf!564Ng5ô�Wºö�W�Q$�¹w�pNjs|Ehkp�ÁÌt�Ëal�|v����tk�s�îtk��h�tvhEË~��|v��|kjsw)jmh�giwsy���pTwmh�tvlTw;t��Unxgiws�Al�|��AÛ;jmlN�u|vl�tkg½�
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�1¶Ö�$´s¤T�P¡7³V×Ñ¥c²�¥EhJ¥cÎ¦¥¦�*��+ ^a�s� yT|5l�rs� giw ± ¥E³7£	 µ± ® Ë  µ¥E³�·=� Í ��pTw��m|vq�h�tv�mlµt�tv�s� r7��|kÁÂpT|vq�l�wm���.gih
q)jF�5� ý ��t�tv��|G�¦l ý pTjst ��� tkgiqÄ�Ah�pNw lU�T��|vlTyT�\Ø �{Ë#�s��w gxyNwspT|vgxwmy�gxw;tv��|k`Mp ý�� ���1t�pu���1nijmhkgxpNw ¨ ^a�sg½h|k�Ah�jsnxtlTnihkp
h�tk|v��hvh��Ah#tk�m��giq�rFpN|�t5l�wm���)p�ÁR�sgxyN�s��|}pT|5�u��| ý lNh��Ah�þ#Ë#gxtk�spNjut��;g½hkg ý ginigÕt�e�Û;js��|kgi��hgxwépTjs|}hk����ws�Ah�� Û;jmlN�u|vl�tkg½�
gi|k|5lT�ug½l�wF�1� ý lThkgih~g½haqÄpN|k�tk�Fl�w�t�Ë~p�tkgiqÄ�Ah~Á¦lTh�tk��|atk�mlTwÔ�1pNwmh�tvl�w;t ý lThkg½h��uË#�sgini�}nigiws��lT|alTwm�{��j ý g½��l�|v�}h�tkginxn

Ù*Ú ³&³�Û�ÜÝ¢¦u©*£�£ª¤¥§ÜÝÞu©�¦�¥H¬,«¨X³�±ßàH¥H±áÜÝ¢�£X¤¥§â�©�¨ãÜÝ³�ß¬Â¥^ä&«�¥H¨ãÜÝÞÈ¥H¢�£X¬["åæ¥µ²�³�ß¢±q£X¤/©*£èçNé�êTë
çNé�êeì&TçNé�ê
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Hier. Higher Order Vector Radiosity, Constant E
Hier. Higher Order Vector Radiosity, Linear E
Hier. Higher Order Vector Radiosity, Quadratic E
Hier. Higher Order Vector Radiosity, Cubic E

Cumulated Time, Relative Error Threshold 1e-5
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Hier. Higher Order Vector Radiosity, Constant E
Hier. Higher Order Vector Radiosity, Linear E
Hier. Higher Order Vector Radiosity, Quadratic E
Hier. Higher Order Vector Radiosity, Cubic E

Cumulated Time without visibility, Relative Error Threshold 1e-5

ÚJgxyNjs|v� ¬ þ�^agiqÄ� ¨ ^a�s��|vjswswmgxwsyÐtvgxq���pTÁRtv�s��hkpTni�T��|�g½h�giwm�u��rF��wm�u��w;t)pNw yT��pNq��1tk|vg½����pTq�rsni�1bugÕt�e ¨ÔÆ �1ÁÌt�þ
Ë#gxtk�Ð�dgihkg ý gxnigÕt�eÔÛNjm��|vgx�Ah��u|vgxyN�;t�þ$Ë#gÕtv�spTjst¼�;g½hkg ý ginigÕt�e ¨

hkgxyNwsg��7��l�w;tvnxeÃh�nipµËR��|#tk�Fl�w�Û;jmlT�s|vl�tkg½� ¨ ^a�s��Á¦lN�ºt¼tv�mlµt}�sgxyN�s��|pT|5�u��| ý lThk��h�lT|k��Á¦lNh�tv��|Ë#gÕtv�spTjut�;g½hkg ý ginigÕt�e
hvl�q�rsnigxwsy.g½h���bdrmnilTgxws�A��wsp�tvgxwsyÐtv�mlµt�giw pTjm|)h�euh�tk��q��	tk�s�{w;jmq ý ��|�pTÁ~�dg½h�g ý ginxgxt�eéhvl�q�rsni��h�g½h���pTjsrsni���étvp
¾T��|kwm��n giwNtv��yN|vl�tkgipTw ¨

ñ ¤T¤N£	 µ´s¤��Ó+ ^a�s���u��r7��wF�u��wm���pTÁÑtkgiq��pNw{|v��n½lµtvgx�N����|v|vpT|�tv�s|k�Ah��mpTn½��g½hRhk�spµË#w�giwJ± ¥	³F£E µ±Ð§ ¨ ðé�}|5l�w
hv�1��wm� Å Ë#gÕtv��tv�s���ugÕÿ=��|v��w;t�gx|v|5lT�ug½l�wm��� ý lNh��AhlTwm�.tv�s|v���Ä|k��nil�tkgi�T�)��|k|vpT|�tk�s|v��hk�spNni�sh ¨ ^a�s�Ä|k�Ah�jmnÕt5h}hk�spµË
tk�Flµt�tv�s��tv�s|v��� ý lNh��Ah¼r7��|kÁÂpT|vq'giw.tv�s��hvl�q���ËalUe ¨ ��t}gihl�n½h�p{��nx�Al�|#tv�mlµt�l�tk�m|k�Ah��spNni�Ãtv��w.tvgxq��Ahhkq�l�ninx��|
|v��Û;jsgi|k�Ah}lÔtvgxq���l ý pTjst ��� tkgiqÄ�Ah�nipTwsyN��| ¨ÄÉ gxyN�s��|�pN|v�u��| ý lThk��h�lTrsrF�Al�|�hknxgiyT�;tvnxe hknipµËR��|�ÁÂpN|��T��|ve�hkq�lTnxn
tk�m|k�Ah��spNni�mh ¨ � ý �dgipTjmhknie��	giw �5�spdpNhkgiwsy.l�w l�rsrm|kpUbugiq�l�tkgiwsy ý lThkg½h��EgÕt)g½h�giq�rFpN|�t5l�w;t�tkpél�n½h�p.�1pNwmhkgi�u��|�tk�m�
|5lµtk��pTÁJÛ;jml�nigxtvlµtvgx�N���1pTwd�N��|vyT��wF�1���dlTh#hk�spµË#wÃgxw��d�A�ºtvgxpNw «m¨ Ås¨

¯�¥c¶ ±��� µ±d�E¢ ¢J£	 µ¥c�µ³ ´ ²A¥¦¶�£EÎc´u��¥c¡F�è+ _¼lT�ugipNhkgxt�e�h�pNnx�N��|5h�FlU�T��l{Ë~pT|v¾dnxp;lT�.rs|vpTr7pT|ktkgipTwFl�nJtkpÃtk�m�
wdjsq ý ��|apTÁÑnxgiws¾uhRtkpÄ���µl�nijmlµtv� ¨ ^a�s�}wdjsq ý ��|~p�Á	nigiws¾uhRgiw�tvjs|vw{yT|vpµË¼hãË#gxtk�{tk�s�}yT��pTq��1tv|kg½����pTw��FyTjs|5lµtvgxpNwmh
p�Áîtk�s�¾�Âr7p�tv��w;tkg½l�ninxe��giw;�NpTni�T�A�Ðrmlµt5�5�s��h}l�wm� Ë#gÕtv� tv�s�Ä��ws��|kyNeÃ��bs�5�ml�wsyN���.pµ�N��|�tk�s�Änxgiws¾uh ¨ �js|}hkeuh�tv��q
jmhk��h�l�h��spdpTtkgiwsy�lTrsrs|vpNlN�5�o�$tk�djmhÄË~�Ô��bdr7���1t�l ý giyTyN��|�l�q�pTjmwNt�p�Á}ËRpN|k¾ �ujm|kgiwsyétk�s���m|5h�t�gxtk��|5lµtvgxpNwmh��
ÁÂpT|tk�m�Ähk�spdp�tv������ws��|vyTeÐ�u�A�1|v��lThkgiwsy ý �1t�Ë~����w h�jF���1�Ahkhkgi�T�)gxtk��|vl�tkgipTwmh ¨ ^a�sgih ý ���mlU�dgipTjs|gih���pTw��m|vq���� ý e
± ¥E³7£E U± Ö �sË#�m��|v�tv�s�)hknxpµË~��h�tagÕtv��|5lµtkgipTwÐg½hatk�m��h��A�1pTwF���uË#gÕtv��l�wde ý lNh�g½h ¨îÉ giyT�s��|#pT|5�u��| ý lThk��h#l�|v��l ý gxt
hknxpµË~��|~tk�Fl�wÃnxpµË~��|apT|5�u��| ¨
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Hier. Higher Order Vector Radiosity, Constant E
Hier. Higher Order Vector Radiosity, Linear E
Hier. Higher Order Vector Radiosity, Quadratic E
Hier. Higher Order Vector Radiosity, Cubic E

Cumulated Time, Scene 5

ÚEgiyTjm|k� « þ�^agiq�� ¨ ^a�s���µl�|vgipTjmh ý lNh��Ah ý ���mlU�T��h�giq�gxn½l�|vnie ¨
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Hier. Higher Order Vector Radiosity, Constant E
Hier. Higher Order Vector Radiosity, Linear E
Hier. Higher Order Vector Radiosity, Quadratic E
Hier. Higher Order Vector Radiosity, Cubic E

Time, Scene 5, Relative Error Threshold 1e-5

ÚJgxyNjs|v�Ä�Fþ}^agiq�� ¨ ´ h���burF�A�ºtk�A���Ñtv�s��h��mp;pTtkgiwsy.l�rsrm|kp;lT�5� hkrF��wm�sh�q�pT|v��tkgiqÄ��l�t�tk�s� ý ��yNgxwswmgxwsyÐpTÁîtk�m�
hkgxq�jsnil�tkgipTwmh ¨

×�¡F¶]�J´u µ¥c²�¡7��·�¥¦��·& µ±;�J¢J±N �$´u U¸i+ ^a�s���1pNqÄrFl�|vgihkpTw�Ë#gxtk� |v��wm�s��|vrml�|v¾! h�TpNnxjsq����1nijmh�tk��|kgiwsyÃË~lNh
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Volume Clustering
Hier. Higher Order Vector Radiosity, Constant E
Hier. Higher Order Vector Radiosity, Linear E
Hier. Higher Order Vector Radiosity, Quadratic E
Hier. Higher Order Vector Radiosity, Cubic E

Cumulated Time, Relative Error Threshold 1e-5

ÚJgxyNjs|v� Å þ	^agxq�� ¨ oRpNqÄrFl�|vgihkpTw�Ë#gxtk�Ä�TpNnxjsq��~�1nijmh�tv��|vgxwmy ¨ f�pNnxjmqÄ�#��nxjmh�tk��|kgiwsy}h�tv|kpNwsyTnie��u��r7��wm�mhEpNw)giwsrsjut
yT��pTq��1tv|kg½�}�1pTq�rsni�1bugxt�e ¨

q�lT�u��|kjmwswsgiwsyÔlTnxnEtk�s��hv�1��wm��h¼Ë#gxtk�é��|v|kpN|#tk�m|k�Ah��spNni� Y�[ \!` ¨ ^a�s�)|v��hkjsnxtvh}l�|v�)h��mpµË#w�gxw ± ¥E³7£	 µ±�Ø ¨ ð��
�1pNq�rml�|v���étk�m�Ô�1jmq)jsn½lµtv��� tvgxq��Ôl�ÁÌtk��|�tk��w gxtk��|5lµtvgxpNwmh�pTÁ¼pTjs|Äh�pNnx�N��|�tvp.tk��w gÕtv��|5lµtvgxpNwmh�p�Á¼|v��wF�u��|vrml�|v¾ ¨
_#��wm�u��|vrmlT|k¾érs|k�Ah���w;tvh)l wsp�tvgi����l ý nx�{nxgiws��lT|��u��rF��wm�u��wm�1�ÔpTw tk�m�Ãhv�1��ws�{�1pNq�rsnx��bugÕt�e ¨ Ús|vpTq,tk�s�ÔyT|5l�rs�°�
gxt�gih����dgi�u��w;t�tk�ml�t����T��w tv�s�{hkpTnijutkgipTw�p�Á~tk�m��h�giq�rsnx�Ah�t)hv�1��ws��g½h�pTws��pN|v�u��|�p�Áaq�lTyTwsgxtkjF�u��h�nipµË~��|}tk�mlTw
|5lT�ug½lµtvpT| ¨ f�pTnijsq����1nijmh�tk��|vgiwsy{t5l�¾N��h}ÁÂ|vpTq »T�N�T� tkp ÅN¿��T�N� h#ÁÂpN|�h�pNnx�dgiwsyÔtk�s��q)jFh���jsq,hv�1��ws�Äl�t��UlT|kgipTjFh
|v��hkpTnijutkgipTwmh��;Ë#�sgxni��|vlN�ug½lµtkpN|RhkpTni�T�AhRlTw;e�hv�1��ws�}gxwÃnx�AhkhRtv�ml�w ��ÈT� h ¨ ^a�s���1pNwmh�t5l�w;tagx|v|vlN�ug½l�wm��� ý lNh�g½hîg½h~tk�m�
Á¦lTh�tk�Ah�t��dtvlT¾;giwsy � �N�Nh~giwmh�tv��lN�{pTÁ	tk�m� �U¿T¿ hîwm�����s��� ý e�tk�s����j ý g½� ý lThkgih ¨�Æ giws��lT|#l�wm�ÃÛ;jmlT�u|5lµtvgi� ý lNh�g½hal�|v�
giw ý �1t�Ë~����w ¨

íaæ	� ò -¼ïÑê¥ðió �uêe� -�í:Á5ïÑêmí
© |vp ý l ý nie�tk�m��q�pNh�t)gxq�r7pT|ktvlTwNt)Û;jmlTw;tkgxt�eéË#�s��w h�pNnx�dgiwsy�l.hv�1��wm��Ë#gÕtv� yTgi�T��w�rm|k�A�1g½h�gipTw �1pNwmh�tk|5l�giwNt5h�gih
tk�m�Äwdjsq ý ��|�p�Á~nxgiws¾uh�pµ�T��|Ë#�sg½�5����ws��|kyNe.gih���bu�5�Fl�wsyN��� lTwm�é���µl�nijmlµtv��� ¨ ^agiqÄ��lTwm� q���qÄpN|ke�lN�ºtvjml�ninxe
l�|v�{h�tk|vpTwsyNnxe �u��rF��wm�u��w;t�pTw tv�sg½h)¾N��e q���lThkjs|v� ¨ �.pT|v��pµ�N��|��Ñtk�m�Ô��ws��|vyTeétk|5l�wmh�ÁÂ��|5h��m��nir tkp � jm�uyT�Ôtk�m�
�lm���gx��wm�1e�p�Áatk�m��|k���mws��|)l�wm� lTrsrs|vpUbugxq�lµtvgxpNw ý lThk��h ¨ �¹w Ë#�ml�t�ÁÂpTninxpµË¼h�ËR�{�s��hv�1|vg ý ��pTjs|��1bur7��|vgxq���w;t5h
|v��n½lµtk�A��tvp���ws��|kyNe�tk|5l�wmh�ÁÂ��|5h ¨

Ñ ±d¡F¶H±N�� µ¥¦¤.¤T¡7¶Ö�$Î¦±:ÒÑ¥Â����+ ^a�s���s�1Á¦l�jmnÕt}tk�Ah�t�h���tË#gxtk�é��|v|kpN|¼tk�m|k�Ah��spNni� Y�[�\!`�ËalThjmh��A�ÐtkpÔp ý t5l�giw
tk�m��|v��hkjsnÕt5hãrsnip�tktk�A��gxwJ± ¥E³7£	 µ±°� ¨ ^a�s���jsq)jsn½lµtvgx�N�¼wdjsq ý ��|Rp�Á tv|vlTwmh�ÁÂ��|vhãgihRh��spµË#w�lTyNlTgxwmh�t�tk�m��wdjsq ý ��|
p�Á~gxwmrsjut�rs|vgxq�gxtkgi�T�Ah��Ñ��bu�sg ý gÕtvgxwsy�lTyNlTgxw�lÃ��pTwmh�tvlTw;ttv|k��wm��pµ�T��|tk�m��Ë#�spTni��|vlTwsyT�Äp�Áahk����ws�Ah ¨ ^a�s� ý ��h�t
r7��|kÁÂpT|vqÄgiwsyégx|v|vlN�ug½l�wm��� ý lThkg½h)pN|v�u��|)g½h�ÛNjFlT�u|5lµtvgi���$��nxp;h���nxe�ÁÂpNnxnipµËR�A� ý e nxgiws��lT|ÄlTwm�H��j ý g½� ý lThkgih ¨ ^a�m�
q�pNh�t}��burF��wmh�gi�T� ý lNh�g½h}gih��1pNwmh�tvl�w;t��7Ë#gxtk� l�w�lU�T��|vlTyT��pµ�N��|v�s��lN�Ðp�ÁRl ý pNjut ¬��:ô tv|vlTwmh�ÁÂ��|vh}Ë#gxtk�é|k�Ah�r7���1t
tkp�Û;jmlN�u|vl�tkg½� ¨
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Hier. Higher Order Vector Radiosity, Constant E
Hier. Higher Order Vector Radiosity, Linear E
Hier. Higher Order Vector Radiosity, Quadratic E
Hier. Higher Order Vector Radiosity, Cubic E

Energy transfers, Relative Error Threshold 1e-5

ÚJgiyTjs|v� » þ À ws��|kyNe�tk|5l�wFh�ÁÂ��|vh ¨ ^a�s��w;jmq ý ��|#g½h#gxwF�u��r7��wm�s��w;t¼pTwÐyT��pTq��1tv|kg½�}�1pTq�rsni�1bugxt�e ¨

ñ ¤T¤N£	 µ´s¤��Ó+ ^a�s��yN|vlTrs�.h��spµË#wÃgiw ± ¥E³7£	 µ±Éõ h��mpµË¼ha�spµË�tv�s��pN|v�u��|¼p�Á$gi|k|5lT�ug½l�wF�1� ý lThkg½h#gxw�kmjs��wF�1��h
tk�m�}wdjsq ý ��|#p�Á	nigiws¾uhagxw.�u�1��ws� Åu¨ ^a�s��wdjsq ý ��|apTÁ	tk|5l�wFh�ÁÂ��|vhRgiharmnxpTt�tk�A�ÔlTyNlTgxwmh�t~tk�s|v���}��|v|kpN|îtv�s|v��hk�spTn½�sh��
yTgi�dgxwmy�l�yNpdpd�Äpµ�N��|v�;gi��Ë ¨ ��T��|$tv�s�¼Ë#�spNnx�#|5l�wmyT�ap�Á7tk�s|v��hk�spNni�sh��NÛ;jmlN�u|5lµtkg½�~nxgiws�Al�| ý lNh�g½h�yTgi�T�AhJtk�s�h�q�l�ninx`
��h�t¼wdjsq ý ��|�p�Á	tv|vlTwmh�ÁÂ��|5h��s��nxp;h���nxe�ÁÂpNnxnipµË~��� ý eÔnxgiws�Al�|¼l�wF�Ã��j ý g½� ¨ oRpNwmh�tvl�w;t ý lNh�g½hagih�h�giyTwsg;�F��l�w;tknie�q�pT|v�
�1bur7��wmhkgi�T� �cl ý pTjut ¬��
ô q�pT|v�#tv�ml�wÃÛNjFlT�u|5lµtvgi�aË#gxtk�Ãl�wde)tv�s|v��hk�spTn½�¥� ¨ �djF�5�{hklU�dgiwsyNhîl�|v��giwm�u��r7��wF�u��w;tRpNw
hv�1��wm����pTq�rsni�1bugxt�e��slTh#hk����wÔgiw.ÚJgxyNjs|k� »m¨
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Hier. Higher Order Vector Radiosity, Constant E
Hier. Higher Order Vector Radiosity, Linear E
Hier. Higher Order Vector Radiosity, Quadratic E
Hier. Higher Order Vector Radiosity, Cubic E

Energy transfers, Scene 5

ÚJgxyNjs|v� ¿ þ À ws��|vyTe{tk|5l�wmh�ÁÂ��|5h ¨ oRpTq�rml�|vg½h�pNw ý �1t�Ë~����w ý lThkgih�þîlNh#�1bur7���ºtv���.hkgxq�rsni��| ý lThk��h#yN��ws��|vl�tk��q�pT|v�
��wm��|vyTe�tk|5l�wFh�ÁÂ��|#nxgiws¾uh ¨

¯R U±d�J¢�¡7³�� µ´s�J²�³�±; µ²Ô¢J£	 µ¥c�µ³P´ ²�¥c¶é£JÎ¦´s��¥¦¡7�è+ ^a�sg½h�1burF��|kgiq���w;t�r7pTgiw;tvhpTjut}�spµË&tk�s�Äwdjsq ý ��|p�Á
��wm��|vyTe�tv|vlTwmh�ÁÂ��|�nigxwm¾dh��5�ml�wmyT��h)�ujs|vgxwsyél�h�giq)jmnil�tkgipTw ¨ ð���tk|vgx�A� �µl�|vgxpNjmh ý lNh�g½h�pN|v�u��|vh)l�wm��t�Ë~p.��|v|kpN|
tk�m|k�Ah��spNni�mh �Âq����ugijsq l�wm�Ã�sgiyT�Ðrs|v����gihkgipTw^�RË#gxtk� �u����ws� Å �Âwmp�p�tk�m��|�hv�1��ws��haws�����Ôtkp ý �)h�tkjm�sgx�A�{ÁÂpN|#tk�m�
giwm�u��r7��wF�u��wm���ÔpTÁ¼tk|5l�wFh�ÁÂ��|vh)pTwPhv�1��ws�Ô��pTq�rsni�1bugxt�e�� ¨ ^a�s�ÔyN|vlTrs�mh)gxw ± ¥E³7£	 µ± Ï h��spµË tv�s�Ãw;jmq ý ��|Äp�Á
tk|5l�wFh�ÁÂ��|vh}rsnip�tktk��� lTyNl�giwmh�ttv�s��gÕtv��|5lµtvgxpNw ¨ÄÓ pTtk��|kjswFh��mlU�T��h�giq�gxn½l�| ý ���FlU�;gipTjm|�þ�tk�s��wdjsq ý ��|�p�Áîtv|vlTwmh�`
ÁÂ��|5hãyN|kpµË¼h��T|v��lN�5�sgiwsy�tk�s�q�lµbugxq�jsq �µl�nijs��lµtRtk�s�}h��A�1pNwm��gÕtv��|5lµtvgxpNwo�;lTwm�Ätk�m��wÔ�sgxq�giwsgihk�s�Ahãtvp)l�r7pNhkgÕtvgx�N�
q�gxwmgxq�jsq ¨ ´ h��1bur7���1tk���o��tk�m�#q�l�bugxq�jsqñwdjsq ý ��|îp�ÁFnigiws¾uhã�u��r7��wF�sh�pTw�tk�m�#��|v|kpN|Etv�s|v��hk�spTn½� þÑtv�s�#rs|v����gihk�
tk�m|k�Ah��spNni��yT��wm��|5lµtk�Ah�l{rF�Al�¾Ðwdjsq ý ��|}p�Á�tv|vlTwmh�ÁÂ��|vhl ý pTjut ¿ tvgxq���h ý giyTyN��|�tk�mlTw.tk�s�Äq����ugijsq rs|v����gihkgipTw
tk�m|k�Ah��spNni� ¨ ^a�s��q�gxwmgxq�jsqÒ�µl�nijs��pTÁJnigxwm¾dh¼|k�AlT�5�s�A�{giwÃtk�s� �mwFl�nÑgxtk��|vl�tkgipTwmhag½h¼lÄÁÂ|5lT�ºtvgxpNwÔpTÁEtv�s��hvÛNjFl�|v���
wdjsq ý ��|)p�Áa|kpdp�t�rFlµtv�5�m��h�giw tk�s�{hv�1��ws���EË#�sg½�5��giw tkjm|kw �u��rF��wm�sh�pNw�tk�s�{lU�N��|5l�yN���u��yT|v����p�Áapu����nxjmhkgipTw
ý �1t�Ë~����w{tk�s��p ý�� ���1tvh ¨ �¹wÔtk�m��hk�}��burF��|kgiq���w;tvh��uÛNjFlT�u|5lµtvgi���;nigiws��lT|~lTwm�Ô��j ý g½� ý lThk��h~rF��|�ÁÂpN|kq giwÔtk�s��hvl�q��
ËalUe��JyT��wm��|5lµtkgiwsy.hkgxyNwsg��7��l�w;tvnxeénx�Ahkh)nxgiws¾uh�tv�ml�w ��pTwmh�tvlTwNt ý lThkgih ¨ �¹w tk�s�Ô�1bsl�q�rsni��h��mpµË#w�giwHÚJgiyTjs|v� Ï �
Û;jmlT�s|vl�tkg½� ý lNh�g½h#hvlU�T��hal ý pNjut ¬��:ô p�ÁJtk�s����pTwmh�tvlTwNt ý lNh�g½hRtk|5l�wmh�ÁÂ��|5h��uË#gÕtv� ý p�tv�Ãtk�s|v��hk�spTn½�sh ¨
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ÚJgxyNjs|v� È þ À ws��|kyNeHtv|vlTwmh�ÁÂ��|vh�gxw��s�1��wm� Å rsnip�tktk����l�yNlTgxwFh�t{gxtk��|vl�tkgipTw wdjsq ý ��|ÔË#gÕtv��hkq�lTnxnG�Âni�1ÁÌtI��lTwm�
q����ugijsq �¦|kgiyT�;tI�î��|k|vpT|Rtk�m|k�Ah��spNni� ¨ �¹w ý pTtk�Ã�1bur7��|vgxq���w;t5h��sÛ;jmlN�u|vl�tkg½�¼gi|k|5lT�sgilTwm�1� ý lThkgihahvlU�T�AhRl ý pNjut ¬��:ô
p�ÁJtk�m�tvp�t5l�nÑwdjsq ý ��|#p�ÁJtk|5l�wmh�ÁÂ��|5h~yT��wm��|5lµtk�A� ý e�tv�s���1pNwmh�t5l�w;t ý lThkg½h ¨

×�¡F¶]�J´u µ¥c²�¡7� ·�¥¦��·  µ±d�J¢E±; �J´s A¸i+ ^Ep h����Ð�spµËÒq�l�wde tv|vlTwmh�ÁÂ��|5hÄlT|k�.lU�NpTg½�u���HË#gÕtv�C|v��hkr7���ºt�tvp
�TpNnxjmqÄ����nxjmh�tk��|kgiwsy^�sËR��jFh��A�Ð�s�1��wm� « lTwm�Ôtk�s|v��hk�spNni� Y�[�\�`C_�Y�[�\^]}tkp�q�l�¾N�}tk�s�)��pTq�rmlT|kg½h�pNw ¨ ± ¥E³7£	 µ±�ö
hk�spµË¼hãtv�mlµt#pNjs|aqÄ��tk�spu�{tvlT¾T��h~hkgxyNwsg��7��l�w;tvnxe�ni��hvhRtk|5l�wmh�ÁÂ��|5h��;wmlTqÄ��nxe�pNws�}pT|5�u��|~p�ÁJq�lTyTwsgxtkjF�u�ni��hvhRtk�mlTw
|v��wm�u��|krFl�|v¾ ¨ ´ y;l�giwo�dtk�mgih#g½h#�ujs��tvp�tk�s���N��|ve��ugxÿ7��|k��wNt�lTrsrs|vpNlN�5�s��hRp�ÁEtk�s��q��1tv�spu�sh ¨
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ÚJgxyNjs|v� � þ À ws��|vyTe�tv|vlTwmh�ÁÂ��|5h ¨ oRpTq�rml�|vg½h�pNw�Ë#gxtk��|v��wm�u��|krFl�|v¾� hJ�TpNnxjsq��#�1nijmh�tk��|kgiwsy�Ë#gxtk���5�ml�wmyTgiwsy}tvl�|vyT��t
rs|v����gihkgxpNw ¨
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íaæ	í ÷~ìèÃ�è/��2�ì3- ï ï°ï ìãêeó
Ó ����l�jmhk��p�Á�tv�s�)�m��lU�deÃh�tkpN|vlTyT��ws�����shp�Áã�mgxyN�s��|pT|5�u��|�lTrsrs|vpNlN�5�s��h�� ��� �7ËR��Ë~lTwNtv���Ãtvp ý ��hkjs|k�Äl ý pTjut}l
��lT|k��ÁÂjsn$�ml�wF�unxgiwsyÃp�ÁRtk�s��q���q�pT|veÐjmhk���égxw�pTjs|�hkeuh�tv��q ¨ �¹wétk�s�ÄÁÂpTninipµË#gxwsyÔËR��hk�spµË |v��hkjsnÕt5h�l ý pTjut�tk�m�
q���q�pT|ve{wm�����mhaÁÂpT|#tv�s��gi|k|5lT�sgilTwm�1���ug½h�tv|kg ý jutvgxpNw.pTwÃtk�m��p ý�� �A�ºt5h ¨ �¦^a�s��h�pNnxjutvgxpNwÐqÄ��q�pT|ve�gih�u�l�Fws���Ðgiw
hk���ºtvgxpNw ¬s¨ � ¨ « � ¨

Ñ ±d¡F¶H±N�� µ¥¦¤�¤T¡7¶Ö�JÎc±:ÒÑ¥Â���Ó+ ^Ep�h�����q���q�pT|ve jmhvl�yN��ËR��tv|kgi����|5lT�ug½lµtvpT|�pTw�tv�s�{h�tvl�wF�sl�|5��tv��h�t�hk�1t ¨
^a�s�Äh�pNnxjutvgxpNw.q���q�pT|ve{ÁÂpdpTtkrs|vgxw;t�lµt}��pTwd�T��|kyN��wm����Ë#gÕtv� ��|v|vpT|#tv�s|k�Ah��mpTn½� Y�[�\!`�g½h�rs|v��hk��w;tv���Ðgiw ± ¥E³7£E U±
�Tø ¨ �;tkpN|vlTyT��ws�����sh)ÁÂpT|)tk�s�Ãh�pNnxjutvgxpNw g½h)giwm�u��rF��wm�u��w;tÄpTw tv�s�{giwsrsjut�yT��pTq��1tv|kg½����pTq�rsni�1bugÕt�e l�wF� gÕtÄgih
l�niËalUedh�lÐhkq�lTnxn$ÁÂ|5lT�1tkgipTw�p�Á~tk�s��giwsrsjst�qÄ��q�pT|ve.ÁÂpdp�tkrm|kgiw;t ¨ ^a�s���ugxÿ=��|v��w;t ý lThk��h�|v��Û;jsgi|v�ÄhkgxyNwsg;�F��lTwNtvnxe
�ugxÿ7��|k��w;t�lTq�pTjsw;tvh�pTÁRq���q�pN|ke=þ��1pTwFh�t5l�w;t}gi|v|vlN�ugilTwm�1�Äp ý �dgipTjmhknxeÐË#giwmh��	Ë#�sginx��nigxwm��l�|��	Û;jmlN�u|vl�tkg½�8�Ñ��j ý g½�
ý lNh��AhR|v��Û;jsgi|v�¼t�Ë~p¥�;ÁÂpTjs|#lTwm�{��gxyN�;tRtvgxq���h~tv�s��l�q�pTjmwNtaws�����u�A� ý e{�1pNwmh�tvl�w;t ý lThkgih��u|v��hkrF�A�ºtkgi�T��nxe ¨ �¹wÃpTjm|
hv�1��wm��h�tv�s�{h�tkpN|vlTyT��ws���A�sh)lT|k�Ôl�niË~lUeuh�hkpT|ktk����nigx¾N��tk�m��pT|5�u��|)p�Áatk�s�Ã�1pN|k|v��hkrFpNwm�u��wNt�gi|k|5lT�sgilTwm�1� ý lNh�g½h ¨
��tk�m��|¼l�jstk�spN|vh�� �6� ÁÂpTjswm�Ð�ugxÿ=��|v��w;t¼|k�Ah�jmnÕt5haË#gÕtv�Ð�sgÕÿ=��|v��w;t¼hk����ws�Ah ¨
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Solution Memory, Relative Error Threshold 1e-5

ÚJgxyNjs|v� �A� þã�dpNnxjutvgxpNwÔq���qÄ|ve ¨ �dtkpT|5l�yN�wm�����mh#l�|v�}giwm�u��rF��wm�u��wNt¼pNwÃhv�1��ws���1pNq�rsnx��bugÕt�e ¨

ñ ¤T¤N£	 µ´s¤��Ó+ ð �s��wé�5�mlTwsyTgiwsy�tv�s�)t5l�|vyT��t�rs|v���1g½hkgxpNwo�mtv�s���ugÕÿ=��|v��wF�1��hgiw q���q�pT|veÐws���A�sh}l�|v��hkgxyNwsg��m`
��lTw;t ¨	© nxpTt�tkgiwsy}tk�m�R|v��hkjsnxtvhEÁÂpT|��u�1��ws� Å giw)± ¥	³F£E µ±{�7� �µË~�~wsp�tvgi���îtv�mlµt$�sgiyT�s��|EpN|v�u��| ý lThk��hJl�|v�Rl}�1pTwF�1��|vw
ÁÂpT|#�mgxyN�Ôrs|v����gihkgipTwÐh�giq)jsn½lµtvgxpNwmh��sh�jsyNyT�Ah�tvgxwsy�tkp�jmhk��Û;jmlT�s|vl�tkg½��pN|#nxgiws��lT| ý lThkg½hîÁÂpN|¼h�q�lTnxn tv�s|v��hk�spTn½�sh ¨
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Solution Memory, Scene 5

ÚJgxyNjs|k� �N� þã�dpTnijutvgxpNwÔq���q�pN|ke ¨ ^E|5lT�u��`MpTÿ.ÁÂpT|atk�m���UlT|kgipTjFh ý lThk��haË#gxtk�Ð|k�Ah�r7���1tatkpÄtvlT|kyN�1t#rs|v���1g½hkgxpNw ¨

Á ±d¶ ¡F �Ã�� µ±;�J¢ ¢E£E µ¥¦�'³Ð´Ô²A¥¦¶�£EÎc´u��¥c¡F�è+ ^a�s�#jmhk�ap�Á=qÄ��q�pT|ve��ujs|vgxwsy�tv�s�#gxtk��|5lµtvgxpNwmhJp�Á7tk�s�¼hkpTni�T��|
g½h�h��spµË#wÄgiwG± ¥	³F£E µ±Ð�u® ¨ �¹w�pNjs|ãhk����ws�Ah���tk�s�#jmhk���Äq���q�pN|ke�yN|kpµË¼hJgiw�tv�s���m|5h�t$t�Ë~p�gÕtv��|5lµtkgipTwFh�� ý ����pTq�gxwmy
�1pNwmh�tvl�w;tãÁÂ|vpTq tk�m�hk���1pNwm��gxtk��|5lµtvgxpNw�pTwo�;Ë#�s��|k�¼wmp�q�pT|v�¼|k���mws��qÄ��w;tî�ml�rmrF��wmh ¨ �dgiq�gxn½l�| ý ���mlU�dgxpNjs|5hãl�|v�
rs|v��hk��w;t�gxw�l�nin$tk�s��tk�Ah�t�hv�1��wm��h�l�wm� Ë#gÕtv���sgÕÿ=��|v��w;t}tk�s|v��hk�spTn½�sh ¨ ^a�s�Ä��lT|knie��1pNw;�N��|vyT��wm�1��g½h��ujs��tkpÃtk�m�
hk�spdp�tkgiwsy�wml�tkjs|v��p�ÁEpNjs|¼hkpTni�T��|#lTwm�{p ý �;gipTjFh�nie�pTwÃtk�m���5�ml�|5lT�1tk��|vg½h�tvgi��hîpTÁEpTjm|¼hk����ws� ¨

�A»



0 1 2 3 4 5 6 7 8 9 10
Iteration

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

5500

6000

6500

7000

7500

8000
S

ol
ut

io
n 

M
em

or
y 

[K
B

]

Hier. Higher Order Vector Radiosity, Constant E
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Solution Memory, Scene 5, Relative Error Threshold 1e-5

ÚJgiyTjs|v� �A¬ þ��upTnijutkgipTwÃq���q�pT|ve ¨ ´ ÁÌtv��|#tv�s� �m|5h�t#gxtk��|vl�tkgipTwmh��dtk�s��jFh��A�Ãh�tkpN|vlTyT�}h�tvpTrmhayN|kpµË#giwsy ¨

íaæm� À�ï,�ÂÁÃï,Ã�ï°ï ï°-.�uí
´ q���lNh�jm|k�ap�ÁÑÛ;jmlTnxgxt�e�ÁÂpT|ãtk�s��hkpTni�T��|�pT|5lT��nx�#l�wF�)ÁÂpN|�tk�m���ugxÿ7��|k��wNt ý lThk��h$g½h$tk�m�¼wdjsq ý ��|ãpTÁ nx�AlµÁ=��ni��q���w;tvh
lµt~�1pTwd�N��|vyT��wF�1�RtkgiqÄ� ¨ ´ yTpdpu��h�pNnx�N��|ãhk�spTjsn½��hkpTni�T�#l�hv�1��wm�#Ë#gÕtv��l�|k�A�ujm�1�A��wdjsq ý ��|ãpTÁ nx�AlU�T��h��µÁÂpN|�tk�s��gx|
giqÄrFlT�ºt¼pNwÃh�tkpN|vlTyT��l�wm�{tkgiq�� ¨ �c^a�s��nx�AlµÁ$��ni��q���w;t5haËR��|k���u�Ahk��|kg ý �A�{giw.h��A�ºtvgxpNw ¬s¨ Å � ¨

ù ±\�R±;�J¢J±;�J¤T± ¡7� ³7±d¡F¶H±N�� µ¥¦¤ ¤N¡F¶Ö�$Î¦±:ÒÑ¥¦�*��+ _#jswswmgxwsyétk�m�Ô�u��Á¦l�jsnxt�tv��h�tvhÄË#gxtk� ��|k|vpT|)tk�s|v��hk�spTn½�
Y�[�\�`C�JË~��rs|kpu�ujF�1��� ± ¥	³F£E µ±��u§ ¨�´ yNlTgxw Ë~��l�|v��yTn½lT�étkp�hk����giwm�u��rF��wm�u��wF�1��pNw�wdjsq ý ��|�p�Áagiwsrsjut)��nÕ`
��q���wNt5h ¨ ^a�m��q�pNh�t{�lm��1gi��w;t ý lThkgih�gihÃÛ;jmlT�u|5lµtvgi���a�T��|veP��nxp;h���nxeHÁÂpTninxpµË~��� ý ePtk�s�ép�tk�m��| ý lThk��h ¨ ^a�m�
�ugxÿ7��|k��wm�1�Äg½hwmp�t��u|vlTq�lµtkg½� � ý �A��lTjmh���tk�m��gi|k|5lT�sgilTwm�1��rFlµt�tv��|vwmh�l�|v��hkq�p;pTtk��giw�pTjs|}q)jmhk��jmq �l� ý jut�tk�m�
wdjsq ý ��|Rp�Á ni��lU�T�Ah�g½hã|v��l�ninie�nipµËPË#�m��w{��pTq�rml�|v����tvp�tk�s�yT��pTq��1tv|kg½�#�1pNqÄrmnx��bdgxt�e¾�Ìtk�m�hkgxq�rsni��h�t~hv�1��ws�¼�mlNh
l�wdjsq ý ��|îp�Á=rs|kgiq�gÕtvgx�N��hãl ý pNjut ¬�» tvgxq���hãtk�s�#wdjsq ý ��|ãp�Á=ni��lU�T�Ah$yT��ws��|5lµtv��� ý e)tk�s��1pTwFh�t5l�w;tãh�pNnx�N��|���Ë#gÕtv�
tk�m��gxwm�sgi��lµtk�A�Ã��|v|kpN|îtv�s|k�Ah��mpTn½�¥� ¨
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Hier. Higher Order Vector Radiosity, Constant E
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Hier. Higher Order Vector Radiosity, Cubic E

Solution leaf elements, Relative Error Threshold 1e-5

ÚJgxyNjs|v� �A« þ �dpTnijutvgxpNw ni��l�ÁÔ��nx��qÄ��w;tvh ¨ ´ nihkp&tk�sg½h q���lNh�jm|k�Cgih giwm�u��rF��wm�u��wNt pNw hk����ws� �1pNq�rsnx��bugÕt�e ¨
Õ jmlN�u|vl�tkg½��g½hatv�s���5�s��lTrF�Ah�t ¨

ñ ¤T¤N£	 µ´s¤��Ó+ ��tagihRgxw;tv��|v��h�tkgiwsy�tkpÄh������spµËCtv�s�wdjsq ý ��|îpTÁ	nx�AlU�T�Ahã�5�ml�wmyT��hîË#gÕtv��tk�m��t5l�|vyT�1tRrs|k�A�1g½h�gipTw ¨
�djm�5�é�u��r7��wm�s��wm���)g½hhk�spµË#w.giwU± ¥E³7£	 µ±P�;Ö þ~tk�s��wdjsq ý ��|}p�Áãni��lU�N��h#yN|kpµË¼haÁÂ|vpTq l ý pNjut ¬��N�T� tvpÔl ý pTjst
»T�N�T� l�wF�{tv�s��w |k�AlT�5�s�Ah ¬��T�N�T� Ë#gÕtv�Ðtk�s|v��hk�spNni� Y�[�\^]��;Y�[�\�`8�;Y�[�\�a�|v��hkr7���ºtvgx�N��nie ¨ ^a�s���µl�|vgxpNjmh ý lNh��Ah#r7��|k`
ÁÂpT|vq'hkgiqÄgin½l�|vnxeÔpµ�T��|~tv�s��Ë#�spNnx��|5l�wsyN��p�ÁJtk�s|v��hk�spTn½�sh ¨ �¹w.pNjs|¼hk����ws�Ah��m�sgxyN�s��|�pT|5�u��| ý lNh��Ah#l�rsr7��lT|¼q�pT|v�
�lm���gx��wNt#ÁÂpN|#��|v|kpN|îtv�s|v��hk�spTn½�sh#hkq�lTnxni��|atv�ml�w Y�[�\�aCb
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Hier. Higher Order Vector Radiosity, Constant E
Hier. Higher Order Vector Radiosity, Linear E
Hier. Higher Order Vector Radiosity, Quadratic E
Hier. Higher Order Vector Radiosity, Cubic E

Solution leaf elements, Scene 5

ÚJgxyNjs|v� � �mþ Æ ��l�Á$��nx��q���w;tvh ¨ ^a�s���s��r7��wm�u��wm�1�)pTwÃtk�s�)��|v|kpN|atk�s|v��hk�spTn½�Ôgihh��spµË#w ¨ ^a�s��tvp�tvlTnÑwdjsq ý ��|�p�Á
hkpTnijutkgipTwÃnx�AlU�T�AhRg½h#l�niËalUedhal�ÁÂ|5lT�ºtvgxpNwÔpTÁEtv�s��giwsrsjut#tv|kg½l�wsyNnx���1pNjsw;t ¨èÕ jmlN�u|5lµtkg½� ý lThkgihaË#giwmh ¨

�	¡FÎc£	�A¥¦¡7�PÎc±;´\×F±d²��A¡ ¥¦���J£E���� µ¥¦´s�'³FÎc±.¤T¡7£E�=�� µ´u�A¥¦¡�+
^Ep��s��nir�jswm�s��|5h�t5l�wm�ugiwsy��spµË ��m���gx��w;tãtk�s�|k���mws��qÄ��w;tîpT|5lT��nx�ag½h��;ËR��1pTwFh�g½�u��|ãtk�s�¼|5lµtvgxp ý ��t�ËR����w�tk�m�

giwsrsjuttk|vgilTwsyTni��h�1pTjmwNt}l�wm�Ðtv�s��hkpTnijutvgxpNw.nx�AlµÁã�1pNjsw;t ¨ �¹wU± ¥	³F£E µ± �UÅ tk�m�)|v��hkjsnÕt5h#ÁÂpN|l�ninÑtv�s��hv�1��ws��hl�|v�
hk�spµË#wo�TË#gxtk��tv�s|v�����ugxÿ=��|v��w;tî��|v|vpT|$tk�m|k�Ah��spNni�mh�jmhkgxwsy�tv�s��Û;jmlN�u|vl�tkg½�agx|v|5lT�ug½l�wm��� ý lThkgih ¨ ^a�s�#tk�m|k���¼�1js|v�T�Ah
l�nin h��mpµË�l���nx�Al�|~nxgiws��lT|RyN|kpµËatv�o� ý �A��l�jFh���lThahk����wÔgxw{tk�s�}rs|v���dgipTjmh~h��A�ºtvgxpNwmh��;tv�s��w;jmq ý ��|ap�Áo�Fwml�n=ni��lU�T�Ah
�u��rF��wm�sh#hkpTni��nie�pTwÔtk�s����|k|vpT|Rtk�s|v��hk�spNni� ¨ ÚJgxbdgiwsyÄtk�m��tk�s|v��hk�spTn½��yN��ws��|vl�tk�Ah~l�wdjsq ý ��|#pTÁJhkpTnijutkgipTwÃni��lU�T�Ah
giwm�u��r7��wF�u��w;tpNwÐtk�s�Ähk����ws�)|k�Ah�pNnxjutvgxpNwo�utv�;jFh�yNgx�dgiwsy�tk�s��nxgiws�Al�|#tv|k��wm�Ðpµ�T��|#tk�s��Ë#�spTni��|5l�wsyN��p�Áîhv�1��wm��h ¨
^a�s��|vl�tkgipNh#|5l�wsyN��ÁÂ|vpTq ���T� þ � �Âtk�s|v��hk�spNni� ë Y�[�\!al�atkpÃl ý pTjut ÈNÅ�� þ � �Âtk�s|v��hk�spNni� ë Y�[�\�]��#Ë#gxtk�.tv�s���5�mpNhk��w
ý lNh�g½h ¨ ´ t#tv�s��q�pTq���w;t#ËR���spÄwmp�t#¾dwspµË��spµË�yTpdpu��tv�s��hk� �myNjs|k�Ahal�|v� ¨
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Rel. error threshold = 1e-6
Rel. error threshold = 1e-5
Rel. error threshold = 1e-4

Input triangle count to Solution leaf count ratio, Quadratic irradiance basis

ÚJgxyNjs|v� �UÅ þã�dpTnijutvgxpNwÔni��l�ÁE��ni��q���wNt5h ¨ ^a�s��|5lµtvgxp ý ��t�ËR����wÃgxwmrsjut#tk|vg½l�wsyNnx���1pNjsw;talTwm�ÔhkpTnijutvgxpNwÔni��l�ÁE�1pNjsw;t
g½h#l�qÄ�AlThkjs|v�pTÁ$Û;jmlTnxgxt�e�ÁÂpT|atv�s��|v�l�mws��q���w;t#pT|5lT�1ni� ¨

ú ±d´s³�±dÎ¦±d¶ ±d�=�A²�¢E£E µ¥¦�'³H´P²�¥c¶é£JÎ¦´u�A¥¦¡7��+ ð�����burF�A�ºt�tv�s�Äw;jmq ý ��|}p�Áãni��lU�T�Ah#tvp{yT|vpµË lTh}h�pNnxjstkgipTw
q���q�pT|ve��upd��h��E�sjs|kgiwsyÃtk�m��hkpTnijutvgxpNwépTÁ~lÃyTgi�T��w�hv�1��ws� ¨ ^a�sg½h}tk|v��wm�ég½h��1pNw��m|vqÄ�A� ý e ± ¥E³7£	 µ± �T� ¨ ´ h
ÁÂpT|�q���q�pT|ve��Etk�s�{w;jmq ý ��|)pTÁ#nx�AlU�T��h�|k�AlT�5�s�Ah�l�h�tv��lN�ue q�lµbugiq)jsq lµt)tk�s�Ãh��A�1pTwF�égxtk��|vl�tkgipTwo��h�tkpNrsrsgiwsy
tkp.�5�mlTwsyT�ÄË#�s��w�|v�l�Fws��q���w;t���wF�sh ¨ �dgiq�gxn½l�| ý ���FlU�;gipTjm|vh�l�|v�Ärs|k�Ah���w;t�giw l�nin$tk�s��tv��h�t)hk����ws�Ah}lTwm��Ë#gÕtv�
�ugxÿ7��|k��w;tîtk�m|k�Ah��spNni�mh ¨ ^a�s��yN|vlTrs��l�n½h�p�h��spµË¼hãtk�ml�tîtv�s��ugxÿ=��|v��wm����giw�wdjsq ý ��|Rp�ÁÑni��lU�T�Ahãl�q�pNwsy)�ugxÿ7��|k��w;t
ý lNh��Ahagihani��hvha���dg½�u��w;tatk�mlTwÃtk�s��hkpTnijutkgipTwÃq���q�pT|ve��µl�|vgil�tkgipTwÐh��mpµË#w{giwÐÚJgiyTjs|v� �A¬s¨ ´ yNlTgxwo�u�mgxyN�s��|apT|5�u��|
ý lNh��AhayT��wm��|5lµtk�}ni��hvhanx�AlU�T��hRtv�ml�w.�1pNwmh�tvl�w;t��dlTnÕtv�spTjmyT�Ôtk�s���ugxÿ=��|v��wm����gihawspTt ý giy ¨

íaæX¿ û 2�ídèp�µÃ�ïæüµ�iÃ�èu�'��2�ì.-
�¹w�tk�sg½h�hk���ºtvgxpNwéË~��h��mpµËñ�spµËñtv�s��pµ�T��|vlTnxn$hkpTnijutkgipTw Û;jml�nigÕt�e��s��r7��wm�sh�pTwétk�s���5�sp;h���w gi|k|5lT�sgilTwm�1� ý lThkg½h
l�wF� ��|v|kpN|�tk�s|v��hk�spNni� lTwm� Ë~�{l�n½h�p Ë~lTwNt)tkp ��pTq�rml�|v��pNjs|�hkpTnijutkgipTwFh�tkp tk�sp;h���p ý tvlTgxwm��� Ë#gxtk� �NpTnijsq��
�1nijmh�tk��|kgiwsy ¨ Úmjs|�tv�s��|vq�pT|v���uË~��h��spµË�h�pNqÄ��rsg½�ºtvjs|v��h#��bd�mg ý gxtkgiwsyÄÁÂjsnin Ó _¼Ù}Ú �¦wspTwu`¹�ugxÿ7jFh����~|k��km���1tkgipTwmh ¨
_¼lN�ugil�tkpN|¼h�pNnxjutvgxpNwmh#l�|v���ug½h�rsn½lUeT�A�Ãjmh�giwsyÄtk�m��gx|v|5lT�ug½l�wm���}�sgih�tk|vg ý jutkgipTwmh��1pTq�rsjstk��� ý e{tk�s��hkpTni�T��| ¨�À lN�5�
hkpTnijutkgipTwÃnx�AlµÁJÁ¦lT�����1nijmh�tv��|¼�FlTh#l�w.lNhkhkpu�1g½lµtk�A�Ô�sgih�tk|vg ý jutkgipTwÐjmhk���Ôtkp�hk�mlT�s��tk�s��giwsrsjut�tk|vgilTwsyTni��h~ÁÂpN|kq�giwsy
�1nijmh�tk��| ¨ ^Ep�p ý tvlTgxwHl �1pT|v|v���ºtÄ�ugihkrsn½lUe tv�s��|v��g½h)wmp�ws���A� ÁÂpT|Äl�w ��burF��wmh�gi�T�º�mwml�n~yNl�tk�s��| ý ����lTjmhk��tk�m�
gi|k|5lT�ug½l�wF�1�{�µlTnxjs�Ah�l�|v�Ôgiw;tk��|kr7pTn½lµtv���Cl�wm�C�1pNw;�N��|ktk�A� tkp |5lT�ugipNhkgÕt�e pNwClér7��|k`M�N��|ktk�1b ý lThkgih¾�ÂjFh�giwsy r7��|k`
�T��|�tv�1b hk�mlT�s��|}rs|kpNyT|5l�q�h��sgx|v���1tknie�pTw tk�s��z ©î� �Hý ¨ ð �s��wéÁÂjsnin Ó _�ÙÚ g½h���wFl ý ni��� pTwétk�s��h�t5lµtvjs��h�� tk�m�
�T��|�tv�1bÔhk�mlN�u��|ars|vpTyN|vlTq tvl�¾N��h~gxt¼gxw;tkp�lN���1pNjsw;t��uedgi��n½�ugxwmyÄ�dgi��Ë �u��r7��wF�u��w;t¼�1ÿ=���1tvh#giwÐ|k�Al�nx`ctvgxq�� ¨
^EpÄyN|vlNh�r{tk�s� ý ���FlU�;gipTjm|#p�ÁEpNjs|#q��1tv�spu�ÃlTwm�Ã�1bursnipT|v��tv�s���1pNq�rsjutk�A�Ðhk����ws�AhaËR���mlU�N� ý jsgxnxt�l�|v��wm�u��|k��|
rs|vpTyN|vlTq,|vjswswsgiwsy�gxwPrml�|5l�nini��n~Ë#gÕtv�Htv�s�ÃhkpTni�T��| ¨²´ ÁÌtk��|�nipNlN�ugxwmyél�wF� rs|v��rs|vpu�1�Ahkhkgxwmy.tk�s�.� z�Ú hv�1��ws���
�µl�|vgxpNjmhJrml�|5l�q���tk��|5hJl�|v�ahk�1tì�¦gx|v|vlN�ug½l�wm���~lTwm�)|5lT�sgxp;h�gxt�e ý lThkgih�����|k|vpT|Etk�s|v��hk�spNni���T|k�Ah�g½�ujmlTn;|5lµtvgxp^���1t5� ¨ ��lTwm�
tk�m��w�tv�s��h�pNnx�N��|�g½h}h�t5l�|ktk��� ¨ ^a�m���ug½h�rmnilUe.��lTw ý ��q�lT�s��Ë#gxtk�épT|�Ë#gxtk�mpTjut}ÁÂjsnin Ó _�ÙÚ pN|}lTnÕtv��|vwmlµtvgx�N��nie
� jmh�t#tk�s��Á¦lN�1���1nijmh�tk��|vh#lT|k��hk�spµË#wÔjFh�giwsy�|vlTwm�upNq �1pTnipT|5h ¨

þ?ÿ ¢î ¹u³�¢¥§¢³�¨ãÞu©�î\â?¥Hà^£ª³�¨�«�¥H¨æ£X¨XÜ ©�¢¦�îÝ¥§ÜÝ¬�ß¬X¥N±\/·"¥NàN©�ß¬X¥§³�²T£ª¤¥i¤?¹&«�³�£X¤¥H¬ªÜÝ¬�³�²Tâ?¥H¨ã¹�¬ªÞu©�îÝî"£ª¨ãÜ ©�¢¦�îÝ¥H¬[º
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Hier. Higer Order Vector Radioisty, Constant E
Hier. Higher Order Vector Radiosity, Linear E
Hier. Higher Order Vector Radiosity, Quadratic E
Hier. Higher Order Vector Radiosity, Cubic E

Solution leaf elements, Scene 5, Relative Error Threshold 1e-5

ÚJgxyNjs|v� ��» þ Æ �AlµÁî��nx��q���w;tvh}�ujs|vgxwmyÃhkpTnijutkgipTw ¨ ´ ÁÌtk��|�tk�s�)�m|5h�t�gÕtv��|5lµtvgxpNwmh��7tv�s��wdjsq ý ��|�p�Áãni��lµÁR��ni��q���w;tvh
ý ���1pNq���h#�1pNwmh�tvl�w;t ¨ ¿ p�q�pT|v�ws��Ë�ni��lU�N��hal�|v���1|v��lµtv���ÔË#�s��wÐ|v�l�mwm��q���w;t#��wm�mh ¨

´ ninÑpTÁEtv�s��rsg½�ºtkjm|k�AhaËR��|k�}rs|vpd�sjm�1�A�ÔË#gxtk�mpTjut#tvpTws��q�l�rsrmgxwsy ¨

§,+½Ø�+¦� ¯ ·E±�¶�£J²�±d£J¶ ²A¤T±d�J±
�¹w ± ¥E³7£	 µ±.�eõ g½hãh��mpµË#w�tv�s�#q)jFh���jsq hv�1��ws�#h�pNnx�N����Ë#gÕtv����|v|kpN|Jtk�s|v��hk�spTn½��Y�[�\�`C�;�1pTwFh�t5l�w;tã|vlN�ugipNhkgÕt�e�lTwm�
nigxws�Al�|gx|v|vlN�ug½l�wm��� ý lThkgih ¨ ^a�s|v�����dgi��Ë¼h�lT|k��rm|k�Ah���wNtv��� þRÁ¦lT������nxjmh�tk��|vh¼Ë#gÕtv�spTjut}|vlN�ugipNhkgÕt�e��F�ugxÿ7jFh�� Ó _�ÙÚ
l�wF�ÃÁÂjsnxn Ó _¼ÙÚ ¨ ðé����l�wÐq�l�¾N��h�pNq��)Û;jml�nigÕt5lµtvgx�N��|k��q�lT|k¾uh�þ$tk�s�Ä�1nijmh�tk��|��;gi��Ë hk�spµË¼haq�pT|v��|k���mws��qÄ��w;t
ÁÂpT|~�sgiyT�s��|îgi|k|5lT�sgilTwm�1�¼yN|vlN�ugi��w;tvh��Ttv�s��|5lT�sgxp;h�gxt�e��dgi��Ë �mlNhRhkq�pdp�tk�Ôl�wm��|v��lTnxg½h�tkg½�¼h��FlT�upµË¼hãtkpTyN�1tv�s��|~Ë#gÕtv�
�1pNnxpN| ý ni���A�ugxwmy ¨ ^a�s��ÁÂjmnxn Ó _¼ÙÚC�dgi��Ë lT�s�mh¼q�pT|v��|k�Al�nigihkq'tkp�tv�s�)hv�1��wm���7yTgi�;giwsy�l�|v��lTnxg½h�tkg½�}ÁÂ����nigiwsy�ÁÂpN|
tk�m��hk�sgxwdeÐq�lµtv��|vgilTnih�ËR�Ä�5�spNhk��ÁÂpT|�tk�s��h�tvlµtvjs��h ¨ fgx��Ëa`��s��r7��wm�u��w;t}�1pNnxpN| ý ni���A�ugiwsy{g½h��mgxyN�snxeÐwspTtkg½�1�Al ý ni�
pTw Ó jm�s�u�Fl� harF�A�u��h�tvlTn ¨

§,+½Ø�+½® ¶ ´s²A¥¦²�¤T¡7¶Ö�$´u µ¥¦²A¡F�
^Ep�jswm�u��|vh�tvlTwm�Ð�spµË �ugÕÿ=��|v��w;t ý lThk��h¼lTrsrs|vpUbdgiq�lµtv�tv�s�)hvl�q���gi|k|5lT�ug½l�wF�1� �m��n½���7ËR��hkpTni�T�A�Ôtk�s��q�jmhk��jsq
hv�1��wm��¾T����rsgiwsyÄtk�s��hvl�q���tvlT|kyN�1t#rs|v����gihkgxpNwÃlTwm�Ãjmhkgxwsy��sgÕÿ=��|v��w;t¼gi|k|5lT�ug½l�wF�1� ý lThk��h ¨ ^a�s��|v��hkjsnxtvh~ÁÂpT|�1pTws`
h�tvl�w;t��Fnigxwm��l�|��FÛ;jmlN�u|5lµtkg½��lTwm�.�1j ý gi� ý lThk��h¼lT|k��h��spµË#w.giwU± ¥	³F£E µ± �uÏ ¨ ^a�m��|k��nil�tkgi�T����|k|vpT|atv�s|v��hk�spTn½�Ðgih
Y�[�\�`�lTwm�.tv�s�)|5lT�sgxp;h�gxt�e ý lThkgih�gih}�1pNwmh�t5l�w;t�ÁÂpN|lTnxnJgxq�lTyT��h ¨ ^a�m���1pN|k|v��hkr7pTwm�ugiwsy{��nxjFh�tv��|5h�l�|v�)hk�spµË#w�giw
± ¥E³7£E U± �Tö ¨

Í{´m¢E¥c¡F²A¥Â��� ¨ ^a�s� ��pTwmh�tvlTwNtÔgx|v|vlN�ug½l�wm���Ãq�lT¾T��h�tk�s���1pT|v|v��hkrFpNwm�ugiwsy rsgi�1tkjs|v� lTrsrF�Al�|5l�wm��� ý nipd�5¾de�� ý �1`
��lTjmhk��pTwsnie�pTws���N���1tkpT|�gx|v|5lT�ug½l�wm����hklTq�rsnx�{rF��|��1nijmh�tk��|�ËalTh�jFh��A� l�wm��ÁÂpN|)tv�s�{n½lT�5¾ép�Á¼giw;tk��|vr7pTn½lµtkgipTw ¨
�;tv|kpNwsy��ugihv�1pNw;tkgiw;jmgÕtvgx�Ah#l�|v��dg½h ý gini��pTwÃ��h�g½h��$l ý �upNq���wÐl�wm�Ônx��yNh ¨
Æ giws�Al�|}gx|v|vlN�ug½l�wm���)yTgi�T�Ah¼tv�s���1pN|k|v���1t}hk�mlT�ugiwsyÃpTwé��h�g½h��~l ý �upNqÄ��wélTwm��ni��y;h�� Ë#�sgini��tv�s��h��mlN�upµËñpNw�tk�m�
Ëal�nin ý ���sgxwF�Ô�¹yN��lÄg½h#h�tvgxnin ý nipu�5¾;e ¨
^a�s��Û;jmlN�u|vl�tkg½� ý lThkgih#hkq�p;pTtk�mha�¹yN��l��¦hah��FlT�upµË ¨
^a�s����j ý g½� ý lThkgih#�upd�Ahawsp�t�hk�spµË�h�tk|vpTwmyÄ�ugxÿ=��|v��wm����haË#�s��wÐ��pTq�rmlT|k�A��tkp�Û;jmlN�u|5lµtkg½� ¨

¬s�



ÚJgxyNjs|v� �µ¿ þ.�.jmhk��jmq hv�1��wm� ¨ ^a�s�Ðq)jmhk��jmq g½h��ugihkrsn½lUeT�A�Hjmhkgiwsy |vlTwm�upTq �1pTnipT|5h)Á¦lT�1����nxjFh�tv��|5h��ÂtkpNr^�I�
�ugxÿ7jFh�� Ó _¼ÙÚ pNwsnie¾�c�1��wNtv��|I�îlTwm��ÁÂjsnin Ó _¼ÙÚ � ý p�t�tvpTqº� ¨ ��oRpTwmh�tvlTwNta|5lT�ugipNhkgÕt�e��Tnigxwm��l�|~gi|k|5lT�ug½l�wF�1���N��|v|kpN|
tk�m|k�Ah��spNni� ë Y�[�\!`l�

¬N¬



ÚJgxyNjs|v� ��È þ�oRpNq�rml�|vgihkpTw�p�Á¼�ugxÿ=��|v��w;t ý lThk��h ¨ ^EpTr ni�1ÁÌtAþ��1pNwmh�tvl�w;t�gi|k|5lT�sgilTwm�1� ý lThkg½h��EtkpNr�|vgiyT�;t�þ�nigiws��lT|
gi|k|5lT�ug½l�wF�1� ý lNh�g½h�� ý p�tktkpTq ni�1ÁÌtAþ�ÛNjFlT�u|5lµtvgi��gi|v|vlN�ugilTwm�1� ý lThkgih�� ý pTt�tkpNq |kgiyT�;t�þ���j ý g½� ý lNh�g½h ¨ �MoRpTwFh�t5l�w;t
|5lT�ugipNhkgÕt�e��d��|v|kpN|Rtv�s|v��hk�spTn½� ë Y�[ \�` �s�ugxÿ=jmh�� Ó _¼Ù}ÚPpTwsnie��

^a�s��p�tk�m��|¼�dg½h�g ý ni���ug½hk��pTw;tkgiwdjsgxtkgi��h �¦��h�g½h��ã�5�s����¾ÔlTwm�.�¹yT�Al��ch#q�pTjutv�^�#Ë#ginxnJ�ug½hklTrsrF�Al�|Ë#gÕtv�.tk�s�Äh�q�lTnxni��h�t
tk�m|k�Ah��spNni� �¦hk��� ý ��nipµËN� ¨

×�Î¦£J²��A±; U²\+ ^a�s���1nijmh�tv��|5h¼hk�spµË#wÐgxwÐtv�s��rsg½�ºtvjs|k�Ah¼pTÁ$ÚJgiyTjs|v� ��� �dg½h�jFl�nig;i����spµË�tv�s��|v�l�mwm��|¼r7��|kÁÂpT|vq�h
Ë#gxtk�P�sgÕÿ=��|v��w;t ý lThk��h ¨ oRpTwmh�tvlTw;t)gx|v|5lT�ug½l�wm����p ý �dgxpNjmhknxe�yT��ws��|5lµtv��h�q�l�wde hkq�lTnxn~�1nijmh�tk��|5h���rml�|ktkg½�1jsn½l�|vnie
�dgihkg ý nx��pNwÔtv�s��Ëal�nin=Á¦lT�1giwsyÄtk�m����l�q���|vl ¨
Æ giws�Al�|)lTwm� Û;jmlT�u|5lµtvgi� ý lThk��h�|v���ujF�1��tv�s�{wdjsq ý ��|)p�ÁaÁ¦lN�1�{��nxjmh�tk��|vh ý jutÄwsp�t�lNh�wspTtkg½�1�Al ý nieélNh�tk�m�

�1j ý gi� ý lThkgih#�upd�Ah ¨

§,+½Ø�+i§ � U µ¡m ���·	 µ±d²�·E¡7Î¦¢J²�¤N¡F¶]�J´u µ¥c²�¡7�
�¹wHpN|v�s��|�tkp�jswm�u��|vh�tvlTwm� tv�s� ý ���mlU�dgxpNjs|�pTÁ�pTjm|�q��1tv�spu�HË#gxtk�C|v��hkrF�A�ºtÄtkpétk�s�Ð�u��hkgi|k�A� rs|v����gihkgxpNwo��Ë~�
�1pNq�rml�|v�îtv�s�#|v��hkjsnÕt5hJÁÂpT|$tv�s�¼hklTq��ahv�1��ws�aË#gÕtv���ugÕÿ=��|v��w;t�|v��n½lµtkgi�T�~��|v|vpT|Jtk�s|v��hk�spNni�sh ¨ ^a�m�#gxq�l�yN��h��Âpµ�N��|5l�nin
hv�1��wm�alTwm� Ó jF�s�u�ml��¦h��u��tvl�gin��$�1pT|v|v��hkrFpNwm�ugiwsy¼tvp�tk�s|v��hk�spTn½�shÀY�[�\�aC_�Y�[�\�`C_�Y�[�\�]#l�|v�ahk�spµË#w�gxw ± ¥E³7£E U±�®�ø ¨
Æ pdpN¾;giwsy{l�t�tv�s�)pµ�N��|5l�ninÑ�dgx��Ë p ý t5l�giws���.Ë#gxtk��tk�s��h�q�lTnxni��h�t¼tk�m|k�Ah��spNni��ËR�)�sp{wspTtwspTtkg½�1� ý gxy kFlUË¼h�þ~ÁÂpN|
�1bslTqÄrmnx�}tk�m� Ó jF�s�u�ml��¦h#hk�mlT�upµË�l�wm�Ô�¹yT�Al��¦hRÁ¦lN�1���u��wmp�tk���mgxyN�ÃÛ;jmlTnxgxt�e{l�rmrF�Al�|5l�wm��� ¨
^a�s��q����sgxjsq!rs|v����gihkgxpNwÃtk�s|v��hk�spTn½�Ô�mlTh¼��pNlT|vhk��|#hk�mlT�upµË¼h ¨ Ùgihv�1pNw;tkgiw;jmgÕtvgx�Ah¼l�rsr7��lT|#pTwÐ�¹yT�Al��ch#l�wm�Ã��hkgih��
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ÚJgxyNjs|v� ��� þ�oRpTq�rmlT|kg½h�pNw)pTÁ �sgÕÿ=��|v��w;t ý lNh��Ahì�¦��nxjmh�tk��|vhîh��spµË#w�� ¨ ^	pNrÄni�1ÁÌtAþJ��pTwmh�tvlTw;tãgx|v|vlN�ug½l�wm��� ý lThkgih��µtkpNr
|vgxyN�NtAþ#nxgiws�Al�|}gx|v|vlN�ug½l�wm��� ý lThkg½h�� ý p�t�tvpTq ni�1ÁÌtAþÛ;jmlT�s|vl�tkg½��gx|v|5lT�ug½l�wm��� ý lNh�g½h�� ý p�tktkpTq |vgiyT�;t�þ¼��j ý g½� ý lNh�g½h ¨
�MoRpNwmh�tvl�w;t#|5lT�ugipNhkgÕt�e��d��|v|kpN|Rtv�s|v��hk�spTn½� ë Y�[ \�` �

¬ �



Á¦lT��� ¨
^a�s��nipµË~��h�t{rs|v���1g½hkgxpNwPtv�s|v��hk�spTn½� yT��ws��|5lµtv��h�rsg½�ºtvjs|k�Ah�Ë#gxtk��yN��ws��|vlTn��1p;l�|5h��.lTrsrF�Al�|5l�wm���.Ë#gÕtv� ý nipu�5¾;e
hk�mlT�upµË¼h ¨N´ wsp�tv�s��|}�dgihkg ý nx��h�edq�rutvpTq p�ÁãnipµË rs|v���1g½hkgxpNw��1pTq�rsjstvlµtvgxpNw�g½h¼tv�s�Ä�ml�|v¾Ô|vgxyN�;th�g½�u�Äp�Áã�¹yN��l��ch
Á¦lT�����F|k�A�1��gi�dgxwmy�gxwm�sgx|v���1t�nxgiyT�;t�pNwsnie7þîtk�s��nilT|kyN�}tk�s|v��hk�spTn½�Ðq�l�¾N��hatv�s��|v���ujm�����Ðr7pµËR��|��1pNq�gxwsy�ÁÂ|vpTq'tk�m�
Ëal�ninih~tvpµË~lT|v�shR�¹yT�AlÄgxwd�dgihkg ý nx�}tvp�tk�s��|v�l�mws��| ¨
Æ pdpN¾;giwsy�lµtÄtk�s��i�pdpTq��A� Ó jm�s�u�Fl giwS± ¥	³F£E µ±�® � �ãË~�ÔwspTtkg½�1�Ðl�wPpµ�T��|5l�ninîyNpdpd�Hl�rsr7��lT|vlTwm�1�{ÁÂpT|Ä�sgxyN�
rs|v����gihkgxpNw��T��|vhkgipTwo�;Ë#�sginx�tk�s�}q����ugijsqÒlTwm��nipµË rs|v����gihkgxpNw�|v���T�Al�n7h�pNqÄ�}wspTtkg½�1��l ý ni�hk�mlT�ugiwsy kFlUË¼h ý ��nipµË
tk�m��ws���5¾!�upTwÔtk�m���ml�wm�mh¼l�wm�ÔpTwÔtk�m��yNl�|vq���w;t#�1pµ�T��|kgiwsy�tk�s��|vgiyT�;tatk�sgiyT� ¨

§,+½Ø�+xÖ ×�¡7¶Ö�$´u µ¥¦²A¡F�H·�¥¦��·5×7¡FÎc£E¶ ±Ð¤NÎ¦£J²��A±N µ¥c�µ³
Ó ��hkgi�s��hãÛ;jmlTwNtvgÕt5lµtvgx�N�a�sgÕÿ=��|v��wm����h ý �1t�Ë~����w�pTjs|�q���tk�spu��l�wF���NpTnijsq��¼�1nijmh�tk��|vgiwsy�ËR�#Ëal�w;tk�A��tkp��1pNq�rml�|v�
tk�m��gi|¼�dgihkjml�n �ugxÿ=��|v��wm��� ¨
Æ pdpN¾;giwsyÐlµt ± ¥E³7£	 µ±P®7® � ý p�tktkpTqº�tv�s� ý nxpu�5¾de.wml�tkjs|v��p�Áî�NpTnijsq�����nxjFh�tv��|v��� hv��lTnilT||5lT�sgxp;h�gxt�e�h�pNnxjstkgipTw
g½h����dgi�s��w;t ¨PÀ lT�5�C�TpNnxjsq��Ð�1nijmh�tk��|��mlNhÄpTwsnie pTwm�ÃlNhkhkpu�1g½lµtk�A� |5lT�ugipNhkgÕt�e �µlTnxjs���îni��lN�ugxwmy tvp tv�s�ÐË#|kpNwsy
�spNqÄpNyT��ws��pNjmh�h��FlT�ugiwsy p�Á�tv�s�.tk|vg½l�wsyNnx�Ah��1pTw;t5l�giws���Cgiw tk�s� ��nxjFh�tv��| ¨ ^a�s�é�ugx|v���1tkgipTwmlTn¼wml�tkjs|v�.p�Á�tk�m�
gi|k|5lT�ug½l�wF�1��q�l�r ��pTq�rsjutv��� ý e Á¦lN�1�{��nxjFh�tv��|)�mgx��|vlT|v�5�sg½��lTn��T�A�ºtkpN|�|5lT�ugipNhkgÕt�eé��wml ý ni��h�tv�s�Ô��pT|v|k�A�ºt�hv�1��wm�
|v��wm�u��|kgiwsyÄË#gÕtv�spTjst#tk�s��ws�����Ãp�Á$lD�mwmlTn yNlµtv�s��|��slThaÚJgiyTjs|v� ¬T¬ �ÌtvpTr^�ahk�spµË¼h ¨

� � �)�Ôâ Ð1áÃ�	ä1���Ã�

ð��)�mlU�N��h��spµË#w.���dgi�u��wm�1��tk�ml�t�pTjs|�sgi��|5l�|5�5�sgi��l�n �sgiyT�m��|�pN|v�s��|¼|5lT�ugipNhkgxt�e{q��1tv�spu�.jmhkgxwsy{�T���1tkpN|¼gx|v|5lT�ugx`
l�wF�1��tkpNyT��tk�s��|�Ë#gÕtv� Á¦lT�����1nijmh�tv��|5h�yTgi�T�Ah��1pN|k|v���1t�|v��hkjsnxtvh�Ë#gxtk�mgxw yNp;pu�étkgiq�� ý pTjswm�mh�Ë#�s��w rs|kpu����hvh�giwsy
�sgiyT�snie�tv��hvh���nxn½lµtv���Ãhk����ws�Ah ¨

ð�����l�w.hkjsq�q�lT|kgji��tk�m��lT�u�µl�w;t5l�yT�Ah~p�Á$pTjs|aq��1tv�spu� þ

K É gi��|5l�|5�5�sgi��l�ns�N���1tkpT|R|vlN�ugipNhkgÕt�e ý ��t�tk��|a�1bursnipTgxtvhîtk�s�}�ugx|v���1tkgipTwmlTnmwml�tkjs|v��pTÁ tk�s�}yTnip ý l�nmgininxjsq�giwmlµtvgxpNw
rs|kp ý ni��q¾�	lThvhkpd��gil�tkgiwsy.lÐ�ugih�tk|vg ý jutkgipTw pTÁ~�N���ºtvpT|�gi|k|5lT�ug½l�wF�1�ÄtkpÃtk�m��p ý�� �A�ºt5h�Ë#�sgxni��|v�l�mwsgiwsyÐtv�s��q
jsw;tkgin���pTwd�T��|kyN��wm��� ¨ ^a�s��wdjsq ý ��|Ðp�Á���ws��|kyNePtv|vlTwmh�ÁÂ��|5h���tk�s� |vjswswsgiwsy tvgxq�� l�wF� tk�m��q���qÄpN|ke
|k�AÛNjmgx|v��q���w;t5hÄlT|k�Ðgiwm�u��rF��wm�u��w;t�pNwPtv�s�.yT��pTq��1tv|kg½�Ã�1pTq�rsni�1bugxt�eHpTÁ�tk�m�.gxwsrmjutÔhv�1��wm���~Ë#�s��wCtk�m�
hk����ws��g½h#h�j�m���gx��wNtvnxe{tk�Ahkhk��ninil�tk�A� ¨

K ^a�s��p ý�� ���1tvhãgiw�tv�s�hv�1��ws�lTwm��tv�s��gi|k|5lT�sgilTwm�1�¼�ug½h�tk|vg ý jstkgipTwÔlT|k��|k��rs|k�Ah���w;tk���Ä�sgi��|5l�|5�5�sg½��lTnxnie��Nq�lT¾;`
gxwsy�r7pNhvh�g ý ni���ujs|vgxwsy�tv�s��hkpTnijutkgipTwÃrs|vpd����hvh~tk�s���5�mpTg½�1��p�ÁJtk�s��q�p;h�t¼�1pNwd�T��wmgx��wNt#ni���N��n p�Á��u��tvl�gin ÁÂpN|
tk�s�Ä��ws��|kyNeÔ��bs�5�ml�wsyN��h ¨ ^a�m�ÄhkpTnijutkgipTw nx���T��n$pTÁR�u�1t5l�ginJh�tk|vpTwmyTnieÐ�s��r7��wm�sh}pNw�tk�m����|k|vpT|�tk�s|v��hk�spTn½�
l�wm�.hknxgiyT�;tvnxeÐ�u��r7��wF�sh}pTwÐtk�m���5�sp;h���w ý lThkgih��7nx�AlT�ugiwsy�tvp{yTpdpu���myNjs|k�Ah�þRÁÂpT|gxwFh�t5l�wm�����7gxw�pNjs|hkgiq�`
rsnx�Ah�tatv��h�t#hv�1��ws���;tv�s��|vl�tkgip�pTÁEgiwsrsjutatk|vg½l�wsyNnx�Ahîtvp�h�pNnxjutvgxpNw{ni��lU�N��hRgih#l ý pNjut ¬T» tvp � Ë#gxtk�Ãq����ugijsq
rs|k�A�1g½h�gipTwÔ��|v|kpN|~tk�s|v��hk�spTn½�Ãl�wm�ÃÛ;jmlT�u|5lµtvgi�gi|k|5lT�ug½l�wF�1� ý lThkgih ¨

K ´ yNpdpd�Ô|5l�wsyN�}pTÁEyNnxp;hkhke Ó _¼ÙÚFh¼��lTw ý ��hkgxq�jsnil�tk�A� ¨
K ¿ pJ�mwml�n�y;lµtv�s��|�g½hwm�����s��� tkp.�ug½h�rsn½lUe��1pN|k|v���1tknie.h��mlN�u��� ��wd�dgx|vpTwmqÄ��w;tvh�� ý �AlT��lTjmhk��pTÁîtk�m���sgx|v���1`
tkgipTwmlTn wmlµtvjs|k��pTÁE�T�A�ºtvpT|#gi|k|5lT�ug½l�wF�1� ¨

K ^a�s���T�A�ºtkpN|#gx|v|5lT�ug½l�wm����q�lTrmh#pNjutkrsjst ý e{pTjm|¼l�niyTpT|vgxtk�sqÒlT|k���AlThkgxnie�giq�rsnx��q���w;tk�A�ÐpTwÐ|k�A�1��wNt¼rm|kpT`
yT|5l�q�q�l ý ni��z ©R� h¼lTnxnipµË#gxwmyÄl�Á¦lTh�t¼|v��wm�u��|kgiwsyÄp�Á$yTnipNhvh�e���wd�;gi|vpTwsq���w;t5h ¨

�¹wÃtk�s��ÁÂpNnxnipµË#giwsy�Ë~���u�1t5l�gin tk�m��l ý pµ�T��lT�u�µl�w;t5l�yT�Ah ¨

�¼æ�å ¯ 2ªï ï
z}gi�T��w l.hv�1��ws��|k��rs|v��hk��w;tk�A�élNh�lÐ�sgi��|5l�|5�5�;e p�Á~Á¦lT�1����nxjFh�tv��|5h��	tk�s��tvgxq���r7��|kÁÂpT|vq�l�wm����p�Á#pTjs|�hkpTni�T��|�gih
giwm�u��r7��wF�u��w;tRpNw�gxwmrsjut~hv�1��ws����pTq�rsni�1bugÕt�e��NË#�m��w�tk�m��yT��pTq��1tv|kg½�#�u��tvl�gin½hîl�|v�/�mwm��|ãtv�ml�w�tv�s��gininxjsq�giwmlµtvgxpNw
�u��tvl�gin½h ¨ ^a�s�étvlT|kyN�1tÃrs|k�A�1g½h�gipTw �FlThÐlHh�tk|vpTwsyPgxw�kmjs��wF�1��pTw�tv�s��|kjswmwsgxwmyHtvgxq��TþClHhkgxq�jsn½lµtkgipTw�Ë#gÕtv�
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ÚJgxyNjs|v� ¬�� þ$oRpTq�rmlT|kg½hkpTw�p�Á	�ugxÿ=��|v��w;tR��|k|vpT|$tv�s|k�Ah��mpTn½�shN����T��|5l�ninmhv�1��ws��� ¨JÀ |k|vpT|�tv�s|v��hk�spTn½�sh�þ.Y�[ \�a �ÂtkpNr^�I�
Y�[�\�`G�¦����w;tk|v���l��Y�[�\^] � ý p�tktkpTqº� ¨îÆ giws��lT|agx|v|vlN�ug½l�wm���ËalThajmhk���{ÁÂpT|¼lTnxnÑtk�s��rsg½�ºtvjs|v��h ¨

¬T»



ÚJgxyNjs|v� ¬u� þ{oRpTq�rml�|vg½h�pNw�pTÁ��ugxÿ7��|k��wNtÄ��|v|kpN|�tv�s|k�Ah��mpTn½�sh � Ó jF�s�u�ml¥ hÄ�u�1t5l�gin�� ¨éÀ |k|vpT|)tk�s|v��hk�spTn½�sh�þ¾Y�[�\!a
�Âni�1ÁÌtI�I�µY�[�\!`G�¦�1��w;tk|v���I��Y�[�\�]G�¦|kgiyT�;tI� ¨ãÆ giws�Al�|agx|v|5lT�ug½l�wm���ËalThajFh��A��ÁÂpN|¼l�nin tk�s��rsg½�ºtvjs|v��h ¨

¬;¿



ÚJgxyNjs|v� ¬N¬ þJf�g½h�jmlTn �1pTq�rmlT|kg½hkpTw ¨ ^	pNrÑþ$�sgx��|vlT|v�5�mgi��l�nm�mgxyN�s��|apT|5�u��|R�N���ºtvpT|R|vlN�ugxp;h�gxt�e �¦��pTwmh�tvlTwNta|5lT�ugipNhkgÕt�e��
nigxws�Al�|#gi|k|5lT�sgilTwm�1���;��|k|vpT|Rtk�m|k�Ah��spNni� ë Y�[�\!`l� ¨ãÓ p�tktkpNqÃþ��NpTnijsq����1nijmh�tv��|vgxwmy¾�chklTq��tv�s|v��hk�spTn½�¥� ¨

rs|v����gihkgxpNwÄtk��w�tkgiqÄ�Ah ý giyTyN��|ã|vjswmhRl ý pTjut ��� tkgiq���hînxpNwsyT��|��NË#gÕtv��l�wde ý lThkgih ¨ �jm|îl�rsrm|kp;lT�5�ÄgihãÁ¦lTh�tk��|îtk�mlTw
�TpNnxjmqÄ����nxjFh�tv��|vgxwsy�ÁÂpT|#tv�s�)�u�A�1pTjmrsnxgiwsy ý �1t�Ë~����w.nxgiyT�;tlTwm�ÃyT��pTq��1tv|keÃl�wm�ÃÁÂpN|#tk�s��|k�A�ujm�����Ã|k���mws��qÄ��w;t
�ujs�tkp�tk�m�}yN|k�Alµtv��|R�s��hv�1|vgxrutvgx�N��r7pµËR��|RpTÁ	�sgiyT�s��|RpN|v�s��| ý lThk��h ¨ ^a�m� ý ��h�t#rF��|�ÁÂpN|kq�giwsy ý lNh�g½hRgiha�1pNwmh�tvl�w;t��
ÁÂpTninipµËR�A� ý e�nxgiws�Al�|�lTwm� Û;jmlT�s|vl�tkg½� ¨ ^a�s�{��j ý g½� ý lNh�g½h�g½h�tv�s�{hknxpµË~��h�t ¨.� h�giwsy q��A�ugxjmq rm|k�A�1g½h�gipTwo�Etk�m�
q)jm��hkjsq'hv�1��ws��jmh��A�{giwÐpTjs|atv��h�tvhag½h¼hkpTni�T���{gxw.l ý pNjut �AÅT� h~Ë#gÕtv�.h�q�l�ninÑ�ugxÿ7��|k��wm�1��lTqÄpNwsyÄtk�s� ý lThk��h ¨
ð �s��w ËR�{�sgihvl ý ni���dgihkg ý gxnigxt�eéÛ;js��|vgi��hº�¦g ¨ � ¨ tk�m�{h��FlT�upµË¼h�lT|k��ÁÂjsninieégiyTwspN|k�A�¥�tk�m�{h�pNnxjstkgipTw gih)l ý pTjut �A�
tkgiq���h)Á¦lTh�tk��|��JË#gÕtv�HÛ;jmlT�s|vl�tkg½� ý lThkgih)rF��|�ÁÂpN|kq�giwsy ý ��h�tÄl�wF� Ë#gÕtv�Hl.n½l�|vyT� �Â|v��n½lµtvgx�N�����sgÕÿ=��|v��wm���{l�q�pNwsy
tk�m� ý lThk��h ¨ ^a�sg½h�g½h��ujs��tvpÐtk�s����js|k|v��w;t�giqÄrmnx��qÄ��w;tvlµtvgxpNw p�Á~tk�s�{hkpTni�T��|�� Ë#�m��|v���;g½hkg ý ginigÕt�e�hklTqÄrmnxgiwsyÐgih
�1pNjsrsni���{tkp�¾N��|vws��n=giwNtv��yN|vl�tkgipTw ¨

�¼æ	� ò -¼ïÑê¥ðió �uêe� -�í:Á5ïÑêmí
´ h�tk�s�#tvgxq�giwsyNhîh�jsyNyT�Ah�t��µtk�s��w;jmq ý ��|ãpTÁ7��ws��|vyTe�tv|vlTwmh�ÁÂ��|�g½h�gxwF�u��r7��wm�s��w;tîpTwÄtv�s�¼giwsrsjutîhv�1��ws�#yT��pTq��1tv|kg½�
�1pNq�rsnx��bugÕt�e ¨ ÚspN|�pTjs|�hv�1��ws�~lTwm�)tk�s|v��hk�spTn½�sh���Û;jmlT�u|5lµtvgi� ý lThkg½hJlTnxËalUeuh	r7��|kÁÂpT|vq�h ý �Ah�t���ÁÂpTninipµËR�A� ý e�nxgiws�Al�|��
�1j ý gi��lTwm�Ô��pTwmh�tvlTw;t ¨ ^a�s���1pNwmh�t5l�w;t ý lThkgih~rs|vpu�ujm����hal ý pTjut ¬T�:ô q�pT|v��tv|vlTwmh�ÁÂ��|5hîtv�ml�wÐÛ;jmlT�s|vl�tkg½� ý lNh�g½h ¨
^a�s�)�s��r7��wm�u��wm�1�)pTw.��|v|vpT|#tv�s|k�Ah��mpTn½�Ôg½h�h�tk|vpTwmy ¨/´ rs|v����gihkgipTwÃtk��wÐtkgiqÄ�Ah��mgxyN�s��|¼|v��Û;jsgi|v��hatv��w.tvgxq���h
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