
���������	�
����
���
������ ������
��������! "
����$#%�&�'�&��()
*(+��,��!-.,�/0����12�43

5�687:9<;>=@?A64B C8=�DFEG=H9�C+=@IJ6�?
K*L"MON�PRQTSULWVHQYX[Z�\�X]S<MO^�QTL"P2N�VO_�`�V�ZaX�PTSUN[QcbdX]Vfe
g"bdL"VOgWLhN�VO_ji&V�k]blVOLWL"PRblVOk

m�VObon]L"PRpTboQ�q�X�Z�r�slX]PRbl_@N�t�u�N�blVOLWpRn:blsdslL[t�rwvyx{z�|�}�}
~ NF�TN[blV8tOpTN��OVObA�[�*g"blpRL���^�����L"_O^

;>=�EF?A6����HD��*=O�aE�=yB�;>=@�.�:�<���:�.���"�{�
K*L"M@N�P�QcS<L"V{QYX�Z���N[_Ob�N[QTblX]V���V�g"X]sdX]k�q

m�VObon]L"PRpTboQ�q�X�Z�r�slX]PRbl_@N�t�u�N�blVOLWpRn:blsdslL[t�rwvyx{z�|�}�}
~ M@N�soQ�NF�RPWt�_�L"S<MOpTL�q)�[�*^��8��LW_O^

�2���R�� �¡F¢��
£¥¤§¦©¨ª¦�«�¬G­R¤h®	¯F¤¥¯ª¤�°F±	²´³A®µ²·¶¥¸F±µ¹W¸[¹"³A¤Tº�»G¬�¼�°ª¨F½¿¾ À�Áw®	¹U¸ª¦�±A®	²�®	²�¹W¨j¦�À�ÂÃ¸F¯ª¦�¨"®µ¹�Ä�²´¨"®µ¹�¯F¹�ÄÅ¹W½�¤�¨ª¤�¹�°[³

¶�°F»�¹�²·ºF³RÆ>£0¤�³µ¯F¹�Ç�®	¯ª¦�®J®µ¯F¤�È�ÂÊÉW¤�±Ë³A²´¹�¨�¹©ÌO®µ¯ª²´³J¯F¤�°F±	²·³a®	²´¶w½W¤�¨F¤R±	¦©®µ¤R³�®µ¯F¤&ÄÅ²´¨F²´Ä�°FÄ!¨G°FÄ�»�¤�±�¹©ÌO±µ¤T¶�®	¦�¨F½�«´¤R³
Ç�¯F¤�¨¥¸ª¦©±µ®µ²�®µ²´¹�¨F²´¨F½*È©Â.¨F¹�¨FÍ�º�¤R½�¤R¨F¤�±Ë¦�®	¤&¸F¯ª¦�¨W®	¹�ÄÎ³RÆwÏJ¹�Ç>¤RÉ�¤R±RÐª®µ¯F²·³&È©ÂyÉ�¤R±	³µ²�¹W¨hº�¹G¤R³µ¨HÑ ®�½W¤�¨F¤R±	¦©®µ¤�¹W¸�®µ²´ÄÎ¦©«
¸ª¦©±µ®µ²�®µ²´¹�¨ª³Y¹©Ì�º�¤�½W¤�¨F¤R±	¦©®µ¤�È©ÂÒ¸F¯ª¦©¨"®	¹�ÄÎ³�ÆfÓÔ¨ÕÌo¦�¶�®TÐ+®µ¯F¤�¯ª¤�°F±	²´³A®µ²·¶*ÄÎ¦c¬<½W¤�¨F¤R±	¦©®µ¤*ÄÅ¹�±	¤�®	¯ª¦©¨�À0®	²�ÄÅ¤T³Y¦�³
ÄÅ¦�¨G¬2±	¤R¶�®Ë¦©¨F½W«�¤T³�¦�³�²·³�¨F¤T¶�¤T³µ³	¦©±	¬�Æ×Ö8¯F¤�À�ÂØ¯F¤R°F±	²´³A®µ²·¶w¹©Ì�¾ À©Á
º�¹G¤R³µ¨HÑ ®J½�¤R¨F¤�±Ë¦�®	¤w¹�¸�®	²�ÄÎ¦©«:¸ª¦©±µ®µ²�®µ²´¹�¨F²´¨F½"³8¹©Ì×À�Â
³A²´ÄÅ¸F«�¤2¸F¯ª¦©¨"®	¹�ÄÎ³&¤R²�®	¯F¤�±TÆ*£¥¤2³µ¯F¹�Ç.®µ¯[¦�®�³µ«�²·¶�²´¨F½�¸ª¦�±A®	²�®	²�¹W¨ª³&¹�Ì�À�ÂÙ³µ²´Ä�¸ª«�¤Y¸ª¯ª¦©¨"®µ¹WÄÎ³&¦©±	¤Î¹�¸�®	²�ÄÎ¦�«dÆ¥Ú�°F±
¦©¨ª¦�«�¬�³µ²´³�³A°ª½�½�¤T³a®Ë³
¦�¨F¤RÇÛ¯F¤�°ª±µ²·³a®	²´¶)ÌÜ¹�±@ÀWÂU¸ª¯ª¦©¨"®µ¹WÄÎ³�Æ�Ö8¯F²´³O¯ª¤�°F±	²´³A®µ²·¶>½�¤�¨ª¤�±Ë¦�®µ¤Tº�¹�¨ª¤�Íl®µ¯F²´±	º�¦�³
ÄÎ¦©¨G¬&¶�°F»�¹�²·ºF³
Ç�¯F¤�¨¥°ª³A¤Tº*®µ¹�¸ª¦©±µ®µ²�®µ²´¹�¨¥¦2À�Â%Ý+Ö+ÍÔ³µ¶R¦©¨�¸F¯[¦©¨"®µ¹WÄÞ¦�¨ªº�¦�»[¹W°�®�¹W¨F¤�ÍlÌÜ¹�°F±µ®µ¯¥¦�³�ÄÅ¦�¨G¬�¶�°F»[¹W²´ºª³�¹W¨�±Ë¦©¨ªº�¹WÄÅ«�¬
½�¤�¨ª¤�±Ë¦�®µ¤Tº�ÀWÂß¸F¯ª¦�¨W®	¹�ÄÎ³�¦�³8¸ª±µ¹�º�°ª¶�¤Rº�»G¬Î®µ¯ª¤�¯F¤�°F±	²·³a®	²´¶�¹©Ì�¾ ÀcÁlÆ

à<á[â@ã�ä
åWæ+ç�è�éGêÞë:ì:í�îªï�ðFñòë
íGó�ï�ôõï�ôõðFîHôoî{ö{÷{ø�ù{úOðFôÜûHü�÷]ì{ý©ù{ó�ôoü�ï�ôÜøGþ

ÿ ���������
	���
��������

��� ð���í�îHûÛï�ì{ó�ý�ý��AûHôÜñ�ý©îHü�ôõðFîHí��Oë
ìHí�îªï�ðFñhü���íGó�ýYð��lï�ý©îÛë:íGó�ï�ôõï�ôõðFî{ý©û ôÜî[ï�ðhì{ðFñ�ð�ö�ý©î{ý�ðFùHü&ó�ý©øcï�í�î{ö��õý©ü�í�îHûÛø�ù{úOðFôÜûHü©÷
ó�ý©ü�ë�ý©øcï�ô���ý��! �÷{ü�ð�í�üwï�ð�ü�ôÜñ�ë"�Üô!�# *í��Üö�ð�ó�ôõï�ìHñ�ü�ï�ìHíGï�ð�ëOý�ó�íGï�ýÎðFî§ï�ìHý�ë
ìHí�îªï�ðFñ%$ &�')(�$+*,'aþ.-{ð�ó&ý�/{í�ñ�ë0�Üý�÷]ôoî¥óRí�ûHôÜíGï�ôõðFî
ï�ó�ý©íGï�ñ�ý©îªïÅë0�Üí�î:îHôÜî{ö{÷{ï�ì{ý�ë:íGï�ôõý©î[ï�ôoü�û{ý©ü�øcóRôõúOý©ûÛú1 Ûí¥éGê ë
ìHí�îªï�ðFñ2$ &{÷@é,'aþ � ì:ôÜü�éGê ë
ìHí�îªï�ðFñ ôÜü�øcðFñ�ëOðFü�ý©ûUð��
ùHî:ôõï�ø�ù{úOý©ü43,��ð5/�ý��oü�÷ � ì{ý�ó�ý*ûHô)6Oý�ó�ý©î[ï7��ð�/]ý��ÜüÎñ�í� �ìHí���ý�û:ô)6�ý�ó�ý©îªïÅû{ý©îHü�ôÜï8 :9�ü�ð{÷@ï�ìHý�ë
ìHí�îªï�ðFñ�ôoü�í§øcð����õý©øcï�ôÜðFîÕð��
ì{ý�ï�ý�ó�ð�ö�ý©î{ý�ðFùHü7��ð�/]ý��Üü4;RþYê�ðFü�ý�øcðFñ�ë
ù{ï�íGï�ôõðFîÕôÜü�û{ðFî{ý<��ôÜíhó�í� Uï�ó�í�ø�ôÜî{ö§í�îHûUï�ì{ý*û{ðFü�ý*øcðFñ�ë:ù{ï�íGï�ôõðFîÕí��õö�ð�óRôõï�ìHñ�ü
ó�ý�=�ùHôõó�ý�ï�ìHýYøcðFñ�ë:ù{ï�íGï�ôõðFîÛð��>ï�ì{ýÎóRí�ûHôõð��õð�öFôÜø�í��@û:ôÜü�ï�í�îHøcýÅúOý�ï � ý�ý©îÛï�ì{ýÎý©î:û§ë�ðFôoîªï�üwð��+ï�ì{ýÎó�í5 �þ � ì{ýÅó�í�û:ôõð��õð�öFôÜø�í��
ûHôoü�ï�í�îHøcý�÷ � ì:ôÜø�ì ôÜüwï�ìHý?>JùHø@�oôÜû{ý©í�î ûHôÜü�ï�í�îHøcý � ý©ôÜöFìªï�ý©û<úA 0ï�ì{ý2û{ý©î:ü�ôõï8 �÷
ñ�í� §úOýÎð�úHï�í�ôÜî{ý©ûÛúA 0ï�ó�í�ø�ôÜî{ö�ï�ìHýYë:íGï�ì
ð��>ï�ì{ýÅó�í� B�dó�ðFñ ðFîHý���ð5/�ý��×ï�ð�ï�ì{ýÎî{ý�/�ï�í�îHû§íGö�ö�ó�ý�öFíGï�ôoî{ö�ï�ì{ýÎû{ý©îHü�ôõï8 A� � ý©ôÜöFìªï�ý©ûC>�ùHø@�ÜôÜû{ý©í�î0ûHôÜü�ï�í�îHøcý�þEDF��í�ü�ï�ý�ó
� í� �ï�ðYøcðFñ�ë:ù{ï�ý�ï�ì:ôÜü8ûHôÜü�ï�í�îHøcý�ôÜü8ï�ðÎï�óRí�øcý�ï�ì{ý�ë:íGï�ì*ð��:ï�ìHý�ó�í� �ý�/]í�ñhôÜîHôÜî{ö�ðFî��! �ë�ðFôoîªï�ü8íGï � ìHôoø�ì�ï�ì{ý�ó�í5 �ñ�ð,��ý©ü
GIHKJ,LNMPOKQSRUT�O�V4MWMYX[Z,Z�Q4RY\U]_^�`[L+abZ�VSRY\_`,c@de\UJ[]gf�VS\UL+Qha[V4ikjlL+c,R8VSRYdmQSn"o�]_^,L+pIL+a[]qX,a�^5]rRPs4R8VSa�\tj1o7uhvhvhw4x�y#u4z5{
|U} Z[J�VSa@\UQh~�L+MWV�J[]r\U]�RUQhsh]ra[]IQ4X[M�RU]Ipr\8VSa[shi+]EQ4RWpIX,c�QhLN^l{

�



�ló�ðFñ í���ð�/]ý��8ð���ðFî{ý*û{ý©îHü�ôÜï8 §ï�ð0íB��ð�/]ý��+ð���í¥û:ô)6�ý�ó�ý©îªï�û{ý©îHü�ôõï� �þ � ðB��í�ø�ô��Üôõï�íGï�ý�ï�ìHôÜüb�ÜíGï�ï�ý�ób��í�ü�ï�ý�óÅó�í5 Ûï�ó�í�øcý�÷��)ô
í�îHû��.ô ���ÜôÜí�ñ�ü�ðFî ëHó�ð�ëOðFü�ý2í0øcð����õý©øcï�ôÜðFîÛð���éGê øcðFîA��ý�/�ü�ìHíGëOý©ü&ï�ìHíGïÅñ�í� úOý�ùHü�ý©ûÛï�ð0ë:íGó�ï�ôÜï�ôõðFî<í0éGê ë:ìHí�î[ï�ðFñ
ôÜî[ï�ð§í¥øcð����Üý©øcï�ôõðFî<ð���ì{ðFñ�ð�ö�ý©î{ý�ðFùHüÅü�ì:íGë�ý©ü©þ���ð � ý@��ý�ó�÷×ï�ì{ý�ûHý©øcðFñ�ëOðFü�ôõï�ôõðFî�ôÜü&ï�ð§úOý�ûHðFî{ý�ñ�í�î�ùHí����� �þ��FùHîHö $ é['
ëHó�ð�ë�ðFü�ý©üÎí�î�í�ù{ï�ðFñ�íGï�ôÜøhû{ý©øcðFñ�ëOðFü�ôõï�ôõðFîÕôÜî[ï�ðÛø�ù{úOðFôÜûHü�ï�ìHíGï�ìHí���ý�ï�ìHý�ü�í�ñ�ý�û{ý©îHü�ôõï8 �9�ôÔþ ý�þõ÷)ôÜî[ï�ðÛì{ðFñ�ð�ö�ý©îHý�ðFùHü
ø�ù{úOðFôÜû:ü4;Rþ���ý�ùHü�ý
	Gê��
�
� 9ÔéGê��
����;�í�üÅí�î<íGúHúHó�ý@��ôÜíGï�ôÜðFî �lð�ó�ï�ì{ý�	Gê 9ÔéGê
;�ë:ìHí�î[ï�ðFñ ë:íGó�ï�ôõï�ôõðFîHôÜîHö�ë:ó�ð�ú0�õý©ñ þ
�Ëî�	Gê��
��� 9ÔéGê��
����; � ý � ôÜü�ì*ï�ðYë:íGó�ï�ôõï�ôõðFî�íYî{ðFî �Aì{ðFñ�ð�ö�ý©î{ý�ðFùHü�	Gê 9ÔéGê
;8ë:ì:í�îªï�ðFñ ôÜîªï�ðYí2ñ�ôÜîHôÜñ�ùHñÞî�ùHñ2úOý�ó
ð���ì{ðFñ�ð�ö�ý©îHý�ðFùHü&ó�ý©øcï�í�îHö��õý©ü 9�ø�ù{úOðFôÜû:ü4;Rþ

� ì{ý�ó�ý�öFôÜðFî�ë:íGó�ï�ôõï�ôÜðFîHôÜî{ö§ëHó�ð�ú"�õý©ñ�ôÜüYø@�õðFü�ý��! Uó�ý��ÜíGï�ý©û�ï�ð<ï�ìHý�ë:ìHí�î[ï�ðFñ'ë:íGó�ï�ôÜï�ôõðFîHôÜî{ö§ëHó�ð�ú0�õý©ñ þ��Ëî�ï�ì{ý�	Gê
9ÔéGê
;8ó�ý�öFôõðFî�ë:íGó�ï�ôÜï�ôõðFîHôÜî{ö�ëHó�ð�ú"�õý©ñ ÷ � ý&íGó�ý&öFô!��ý©î�í2øcðFîHî{ý©øcï�ý©ûhøcð�� �õý©øcï�ôõðFî�ð��Oì{ðFñ�ð�ö�ý©î{ý�ðFù:ü�ë:ô)/]ý��Üüe9#��ð5/�ý��Üüh;�í�îHû
íGó�ý2ï�ð�ë:íGó�ï�ôõï�ôÜðFî§ï�ì{ý©ü�ý2ôÜî[ï�ð�í�ñ�ôoîHôÜñ�ùHñ î�ùHñ�úOý�ó�ð��+ó�ý©øcï�í�î{ö��õý©ü 9�ø�ùHú�ðFôoûHü4;Rþ

� ì{ý�	Gê ó�ý�öFôÜðFîjë
íGó�ï�ôõï�ôõðFîHôoî{öÛëHó�ð�ú"�õý©ñ 9�	Gê�������;R÷�ìHí�ü�úOý�ý©î:=�ùHôõï�ý � ý�����ü�ï�ùHûHôõý©û $�	]÷���÷��['aþ -{ð�ó�ý�/{í�ñ�ë0�õý�÷
� ì[ï�ü�ù��]ô?$��['ÅìHí�ühü�ì{ð � î ï�ìHíGï0ï�ì{ý<ñ�ôÜî:ôÜñ�ù:ñ î[ùHñ�úOý�óhð��Yî{ðFî �að5��ý�óS�ÜíGë:ë:ôÜî{ö�ó�ý©øcï�í�îHö��õý©ü§ôÜîØï�ì{ý�ü�ð��Üù{ï�ôõðFîÊï�ð¿í
	Gê������ÊôÜü�� �!	
"$#&%�'(% � ÷ � ì{ý�ó�ý��ÕôÜü�ï�ì{ý�î�ùHñ�úOý�ó�ð��P��ý�ó�ï�ôÜøcý©ü�ôÜî¥ï�ì{ýÅó�ý�öFôõðFî@÷�#§ôÜü�ï�ì{ýÅî[ùHñ�úOý�ó�ð��>ì{ð��õý©ü�÷{í�îHû
'*ôÜüJï�ì{ý�ñ�í[/{ôÜñ�ùHñÒî�ùHñ�úOý�óJð��×ôÜîHûHý�ë�ý©î:û{ý©îªï�ûHý�ö�ý©î{ý�ó�íGï�ýÅø�ì{ð�ó�û:ü�9lï�ì{ý©ü�ý�ï�ý�ó�ñhü�íGó�ý�û{ý*)
î{ý©û¥ôÜî,+]ý©øcï�ôõðFî¥é�;Rþ-�Ëñ�í�ô
í�îHû D�ü�í�îHð $�	['>û{ý@��ý��Üð�ë<í�î/. 90�214365��õð�ö
�t;�ï�ôÜñ�ý2í��õö�ð�ó�ôõï�ì:ñ �dð�ó�	Gê(���
�+÷
í�î:û87�í�ì:íGó�í�îHû9+{í�ìHîHôE$��,'>û{ý@��ý��Üð�ëUí�î
. 90��";: �õð�ö-:k;R÷ � ì{ý�ó�ý<:ÕôÜüÅï�ì{ý�î�ùHñ�úOý�óÎð�� ��ý�ó�ï�ôoø�í��JôÜîA��ý�ó�ü�ôõðFî:ü�÷@ï�ôÜñ�ý�í��õö�ð�óRôõï�ìHñ �lð�ó
	Gê����
�!ôÜîHü�ï�í�îHøcý©üÅï�ìHíGï
ìHí5��ý�îHð�ì{ð��õý©ü©þ=��ù0í�îHû�+]í�ìHîHôt$+*,'�û{ý@��ý��Üð�ë0í��õö�ð�óRôõï�ìHñ�ü.�dð�ó�ï�ì{ý�ø�í�ü�ý � ìHý©î � ý�íGó�ý�ï�ð&)
î:ûhí2ñhôÜîHôÜñ�ùHñ4î�ùHñ2úOý�ó
ð��e9lëOðFü�ü�ôõú"�! �ð5��ý�óS�oíGëHë:ôÜî{öA;�ó�ý©øcï�í�î{ö��õý©ü&ï�ð¥øcð5��ý�óÅï�ì{ýÎó�ý�öFôõðFî×þJéGê(���
�.ôÜü>�]î{ð � î ï�ð�úOý?7��E�AìHíGó�û $ � 'aþ

�FùHîHöB$ é['�ì:í�ü�ëHó�ð�ëOðFü�ý©û¥í2ì{ý©ùHó�ôÜü�ï�ôÜøwï�ð�ë:íGó�ï�ôÜï�ôõðFî�í�éGêÙë:ìHí�î[ï�ðFñ ôoîªï�ð�í2ñ�ôÜî:ôÜñ�ù:ñ4î[ùHñ�úOý�ó�ð��×ì{ðFñ�ð�ö�ý©îHý�ðFùHü
ø�ù{úOðFôÜû:ü�þ@�ËîÊï�ì:ôÜü�ë:íGëOý�ó©÷ � ýUí�îHí��� BA�ý�ï�ìHôÜü�ìHý©ù{ó�ôÜü�ï�ôoøGþC+]ë�ý©ø�ôD)
ø�í����! �÷ � ýÕü�ì{ð � ï�ìHíGï0ï�ì{ý/	Gê ��ý�ó�ü�ôõðFî ð��Îï�ìHôÜü
ì{ý©ùHó�ôÜü�ï�ôÜø�ôoü2ð�ëHï�ôoñ�í��E�lð�ó�	Gê î{ðFîk�AûHý�ö�ý©î{ý�ó�íGï�ý0ë:ìHí�î[ï�ðFñ�ü�þ 9E+]ý©øcï�ôõðFî¿é�;R÷�í�î:ûfï�ì{ý éGê ��ý�óRü�ôõðFî¿ôÜü2î{ðFî �að�ëHï�ôÜñ�í��
ý@��ý©î:�dð�ó*ü�ôÜñ�ë0�õý�éGê ë:ì:í�îªï�ðFñ�ü 9E+�ý©øcï�ôõðFî:&A;Rþ��.ìHý©î�ï�ì{ý0ì{ý©ù{ó�ôÜü�ï�ôÜø�ôÜüYùHü�ý©û�ðFî¿û{ý�ö�ý©î{ý�ó�íGï�ý�	Gêòë:ìHí�î[ï�ðFñ�ü�÷8ôõï
ñ�í5 ¥ë:ó�ð�û:ùHøcý�ë
íGó�ï�ôõï�ôõðFîHü�ï�ìHíGï&ì:í���ý2ñ�ð�ó�ý�ï�ì:í�î§ï�ì{ó�ý�ýÎï�ôÜñ�ý©ü�í�ü�ñ�í�îl ¥ó�ý©øcï�í�î{ö��õý©ü�í�ü&ôÜüwî{ý©øcý©ü�ü�íGóS �þ
� ì{ý©î ùHü�ý©û
ðFî<ö�ý©î{ý�ó�í��>éGêÒë:ìHí�î[ï�ðFñ�ü�÷Hï�ìHý�î�ùHñ2úOý�ó&ð���ø�ù{úOðFôÜû:üwëHó�ð]ûHùHøcý©û ú1 §ï�ì{ý�ì{ý©ùHó�ôÜü�ï�ôÜø�ð��e$ é['8ñ�í� §úOýYï�ì{ý�ü�=[ù:íGó�ýB9lð�ó
ñ�ð�ó�ý,;�ð��>ï�ìHý2ñ�ôÜîHôoñ�ùHñ î�ùHñ�ú�ý�ó�ð��8ø�ù{úOðFôÜûHüwî{ý�ý©ûHý©û ï�ðhë:íGó�ï�ôõï�ôõðFî§ï�ì{ýÎë:ì:í�îªï�ðFñ þ

� ù{óÅí�îHí��! ]ü�ôÜü�ð����ªùHî{ö�F ü $ é['�ì{ý©ù{ó�ôoü�ï�ôÜø?�Üý©í�ûHü�ï�ð§í§î{ý � ì{ý©ùHó�ôÜü�ï�ôÜø 9E+�ý©øcï�ôõðFî$��;R÷ � ì:ôÜø�ì�ðFîÕí����+ï�ý©ü�ïÅë:ìHí�î[ï�ðFñ�ü
ó�ý©ü�ù��õï�ý©û ôÜî ��íGóe�lý � ý�ó�ø�ù{úOðFôÜûHü�ï�ìHí�îÛûHôoû8�FùHî{ö�F ü $ é,'>ì{ý©ù{ó�ôoü�ï�ôÜø�9E+�ý©øcï�ôõðFî *�;Rþ

G H ��I
J4�LK �4��M��P�4I-N

O áBP�Q=RTSURläVQXWZY ë:ô)/]ý���[T\^]8_a`b[0c�\ede_f]!g4h�i�jakl\ehm\n[poqh*\^]rgsh?tu]!gs]!v0vDhev
cEk8c0j�hxw y�]r`Vomz{ys]}|Bh*\*~^Y ��ð5/�ý���[T\^]8_a`b[0c
� _f��h�i�jakl\}h�\�[�oqhn\�]rgsh&t�]!g6]rvTv�h*v>cEk�c0juh�|�y��l���!yE��]!`Vo�|�y��xtVvD]!`{h*\*~/��] � j�tV[�|ah*v �b�lk�|Bh*v�[�\^juk!�mk4�Bhe`{h4k!_a\8]!`Vo9ja]!\

	



]8`Vk!`fy `{hE�B]rcp[0�!hm[T`bc h �Bheg^oBh*`�\n[0cp��]l\�\*k � [p]�c h4o9i�[0c0j�[pcE~�Y ���������
	 ë:ì:í�îªï�ðFñ [T\m] � krvTv�h � cp[pk!` k���tV[D|Bhev \ � �!k}|Bhev \ 	
c0ja]�c(oqh�
-`{h*\�]8g4h � cE]!`B�rv�h � � _b�4k![�o 	 ~���` ����������������������	 �>i�h�]!g4h,cEk^tu]!g*cp[0cp[�k!`;c0juh?tV[D|Bhev \ � �lk}|ah*v \ 	 k���] ���

�����
	 tbja]r`bcEk!� [0`bcEkm]���[0`f[0�<_u� `f_u���Lheg�k���jak!�mk4�ah*`{hLk!_a\?gsh � cE]!`B��vDh*\ � � _b�4kr[pol\ 	 ��i�juhegsh&c0juh�t{[�|ah*v \ � �!k}|Bhev \ 	 [0`
hL] � j/jak!�mk4�ah*`{hLk!_a\mgsh � cE]!`B��vDh � � _b�4kr[po 	 ja]r�!h�c0juhm\*]!��h,oqh*`f\�[pcp�r~�YÒøcðFñ�ë�ðFîHý©îªï�k��^]^tbja]r`bcEk!� [T\�]��m]}|�[T�m]!v

� k!`f`{h � c h4o � k!v0vDh � cp[�k!` k���tV[D|Bhev \��b�lk�|Bh*v \
c0ja]�c
ju]!�!h<c0juh&\e]!��h^oqhe`�\�[pcp��~

O áBP�Q=RTSURläVQ��XY ó�ý�öFôõðFî;[T\�] � k!`f` h � c hLo � k!v0vDh � cp[�k!`;k���t{[�|ah*v \ �b�!k}|Bhev \�c0ju]rc�ju]!�!h,c0juh�\e]!��h�oqh*`f\�[pcp�r~�� juhxt{[�|�y
hev \��b�lk}|ah*v \�c0ju]rc � kr��t{g�[T\eh<]�g4hE��[pk!`�oqh�

`{h?c0juh&ôÜî[ï�ý�ó�ôõð�ó&k���c0juh�g4hE��[pkr`V~�� juh�g4h*�m]![0`f[0`B�?tV[�|ah*v \ �b�!k}|Bhev \xoqh�
-`{h&c0juh
ý�/]ï�ý�ó�ôõð�ó�k��<c0juh^gsh �r[�k!`V~���`9	 �"!$#%# � é �"!$#%# 	 � i�h�]!g4hmcEk�tu]!g*cp[0cp[�k!` c0juh�[0`bc h*gn[�k!g�tV[�|ah*v \ � �lk}|ah*v \ 	 k��^c0juh ���

�����
	 gsh �r[�k!` [T`VcEk,]���[0`f[T��_u� `b_a����h*g
k��&gsh � cE]!`B��vDh*\ � � _b�4k![�ol\ 	 ~

�	î:ü�ï�í�îHøcý©ü�ð��?	Gê����
� í�îHûÊéGê������Òñ�í5 júOý û{ó�í � îßúA ¿ý©ôõï�ì{ý�ó�ü�ìHí�ûHôÜî{ö�ï�ì{ýÛôÜî[ï�ý�ó�ôõð�ó*ë:ô!/�ý��Üüh3,��ð�/]ý��Üü�í�ü�ôÜî
-8ôõöFù{ó�ý � 9�íl;e9�ôÜî*ï�ìHôoü�ø�í�ü�ý�÷[ý�/]ï�ý�ó�ôõð�óJë:ô)/]ý��Üü�íGó�ý&ùHîHü�ìHí�û{ý©û";)ð�ó�ú1 �ü�ìHí�ûHôÜîHö�ï�ì{ý�ý�/�ï�ý�ó�ôÜð�ó�ë:ô)/]ý��Üü�í�ü�ôÜî -8ôõöFùHó�ý � 9lú�;Rþ
�Ëîfï�ìHý©ü�ý0ûHó�í � ôoî{öFü�÷8ôÜîHûHô!�]ôÜûHù:í��>ë
ô)/�ý��oü 9#��ð�/]ý��Üü4;�íGó�ý§î{ð�ï*ü�ì{ð � î'&�ó�íGï�ì{ý�ó�ï�ì{ý0ú�ðFù:îHûHíGó�ôõý©üYð���ôÜî[ï�ý�ó�ôõð�óh3Wý�/]ï�ý�ó�ôõð�ó
ó�ý�öFôÜðFîHüÎíGó�ý�û{ó�í � î�í�ü
�Üôoî{ý©ü�ð�óÎý©û{ö�ý©üB9#��í�øcý©ü4;�ï�ìHíGïYíGó�ý�ë:íGó�í����õý��+ï�ð ï�ì{ý^w0��í�îHû�zA�Aí[/�ý©ü 90wVzl��÷ z)(���÷2w*(��aë"�Üí�î{ý©ü4;Rþ
� ìHý©ü�ýÎó�ý�öFôõðFîHü�íGó�ýmg4h � cp[0v [T`{hL]!g&g4hE��[pkr`�\Rþ

O áBP�Q=RTSURläVQ,+ Y%ì{ð��õý�[T\�] � k!`f`{h � c h4o^\eh}c-k��?hL|�c heg�[�k!g
tV[�|ah*v \ �b�!k}|Bhev \?c0ja]rc-[�\x�4k!_u`VoqhLo��e�<[0`bc heg�[�k!g
tV[�|ah*v \ �b�!k}|Bhev \
k!` ]!vTv=\n[poqh*\*~.--[D�r_ug4h0/ � ] 	 \Ljakri�\ ��� jakrvDh*\ � i�/�]!`Vo8i � ]!g4h^jak!v�hn\ 	 ��]!`Vo"--[D�r_ug4h�/ � � 	 \Ljak!i�\�] ��� juk!vDh � c0j�h
\�ja]�oqhLo � _b�4kr[po�[T\x]�jakrvDh 	 ~

1

2 3

4
5

6 7

89

10
11

12
13

14

15

16

17

18

19

20

r1

w1

r5

r2 r3 w2 r4

holes

1 V32'465 RU]Is4L+Qha

Interior

v
Convex edge

Concave
edge

totally convex vertexv’

totally concave vertex

l
270

h

1 c72Kz65 RU]IshL+Qha

-+ôÜöFù{ó�ý � 8 >E/]í�ñ�ë"�õý&	Gê4í�îHû<éGê4ì{ð��Üý©ü

D�î�ôÜîHü�ï�í�îHøcýJð��b	Gê��
����9ÔéGê(���
� ;)ñhí� ÎúOý�ü�ð�����ý©û2ú1 Yû{ý©øcðFñ�ëOðFü�ôÜîHö�í&ë:ì:í�îªï�ðFñ!ôÜî[ï�ð�ôõï�ü+ùHîHô�=�ù{ý�øcðFñ�ëOðFî{ý©î[ï�ü
9�î{ð�ï�ý�ï�ìHíGï&ý©í�øRìUøcðFñ�ëOðFî{ý©î[ï�û{ý*)�î{ý©ü&í�ó�ý�öFôÜðFî";wí�îHûÛü�ð��!��ôoî{ö�ï�ì{ý
	Gê������ 9ÔéGê����
��;&û{ý*)
î{ý©ûÛúA §ý©í�ø�ì<ð��8ï�ì{ý©ü�ý

é



øcðFñ�ëOðFî{ý©î[ï�ü�þ
��ý©îHøcý�÷b	Gê��
��� ñ�í5 §ú�ýÎü�ð�����ý©û§ð�ëHï�ôÜñ�í����� hùHü�ôÜîHö�ï�ì{ý&	Gê����
� í��Üö�ð�ó�ôõï�ìHñ�ü�ð���$�	]÷b��÷b�,'aþ.-HùHó�ï�ì{ý�ó©÷
�ló�ðFñòï�ì{ýÎë:ó�ð[ð��+ð��e$ � 'a÷:ôõï��lð����õð � ü�ï�ìHíGï�éGê����
� ôoü�7��E�AìHíGó�û@þ

�FùHîHö�F üB$ é['wì{ý©ù{ó�ôÜü�ï�ôÜø 9 � ; �lð�ó�éGê(���
�Þë:íGó�ï�ôõï�ôõðFîHüÎï�ìHýhë:ìHí�î[ï�ðFñ$ôÜîªï�ð�ø�ù{úOðFôÜûHüYôoî�ï � ðÕü�ï�ý�ë:ür([ôÜî:ôõï�ôÜí���ø�ù{úOðFôÜû
øcðFîHü�ï�ó�ùHøcï�ôõðFîÛí�î:ûÛø�ù{úOðFôÜû0ö�ó�ð � ôÜî{ö{þ

�Uá��>ålRlçeSlR�� W��a_u`B��� \
	 ��� juh*_ugn[�\*cp[ � ~

/�~�
}Q RTSUR����������JäVRlæ���ä{Q)ç}S�å����rSURlä{Q ��`�c0jq[T\�\nc h�t$c0juh(�r[0�!he`8juh}c h*gsk4�Bhe`{h4kr_B\�tbja]!`bcEkr� [T\
t�]!gncp[pcp[�k!`{h4o,[0`bcEk�]
\ehec�k�� � jak!�mk4�ah*`{hLk!_a\ 	 � _b�4k![�ol\*~��/h?\*cE]!g*c�i�[pc0j/h4] � j��lk}|ah*v oBh�
-`f[0`B��] � _b�Lk![poq~�� juh*`��2tu]![0gL\<k��&]�o��e] � he`bc

� _b�4k![�ol\�c0ja]rc�ju]!�!h�c0juh�\*]!��h,\n[D�Uh8]!`{o oqhe`�\�[pcp�$]!g4h � k!���*[0`{h4o�~ � jq[T\
tu]![0g�i�[T\eh � k!���e[T`f[0`B� k���]�o��e] � he`bc

� _b�4k![�ol\ � k!`bcp[0`f_bhn\<_a`Vcp[Tv2`{k,�^krgsh � k!���*[0`f[0`B��[T\>tukl\�\�[E�*v�h}~�� juh
\}h4]!g � j �ek!g � k!���e[T`V]B�*v�h�tu]![0gL\<[�\�o�k!`{h<[0`
c0juh��*krvTvDk!i�[0`B��i
]!��~ -
[0gL\*c�hL|q]!��[0`{h�]�o��e] � he`bc tu]![0gL\�k�� � _b�Lk![po!\
]!v�kr`B��c0juh�w y6]}|�[�\��
c0juh*` ]rv�k!`a��c0juh�zVys]}|�[�\��
c0juh*`$]!vDk!`B��c0juh (�ys]}|�[�\e~�� jq[�\&c0jBgsh�h*y�\ncE]}�ah^h4|q]r�<[0`V]rcp[�k!` [T\?gsh t�h4]rc hLo,_u`bcp[Tv `Vk�]qo��*] � h*`Vc � _b�4k![�ol\xc0ja]rc
ja]!�rh
c0juh9\*]r�mh/\�[���h ]!`{o oqh*`�\n[0cp� g4h*�m]![0`V~ � j�h � _b�4kr[pol\9gsh*\�_uv cp[0`B���ngsk!� c0jq[�\�\nc h�t ]rgsh � ]!v0vDhLo�ùHî{ý�/{í�ñ�ôÜî{ý©û
ø�ù{úOðFôÜûHü�~

� ~������JäVRlæ �0å"ä�ã�RpQ�! ��`$c0jq[�\
\nc h t c0juh�`b_a����h*g^k�� � _f�Lk![�ol\
[T\�oqh � g4h4]l\}h4o/�*��h4|qc h*`Vo![0`B��hL] � j�k��<c0j�h�_u`{h4|�y
]!��[T`{hLo � _f�Lk![�ol\�]l\,��_ � j ]l\xt�kl\L\n[��evDh�~ � juh � _b�4k![�ol\ �ngsk!�#"Vc h�t,/ ]!gsh9h4|B]!��[T`{hLo [0`;oqh � gshL]l\�[0`B� k!gsoqh*g
k��&�!k!v _u��h}~"� juh �e] � h*\<k��&c0j�h � _b�4kr[po8��h*[0`B�8h4|B]!��[T`{hLo8]!g4h<�mk!�!hLo8k!_�cpi
]!gsol�>[T`$oqh � g4h4]l\n[T`a��k!gsoqh*g^k����*] � h
]!gshL]l��cp[Tv0vV]��*] � h�i�[0c0j�o![ $(hegshe`bc=oBh*`�\n[0cp��k!g(]��*] � h�k���]!`8]!v g4h4]�o!��hL|q]!��[0`{h4o � _f�Lk![�o<krg�c0juh?�4kr_a`{o�]!gn��k���c0juh
tbja]!`bcEkr� [T\(g4h4] � juh4oq~%��juhe`�h4|qc h*`Vor[T`B��] �e] � h*�{tVgshe��[�k!_a\�v �m_u`{h4|B]!��[T` h4ol� � _f�Lk![�ol\?i�[0c0j�c0juh�\e]!��h&oBh*`�\n[0cp�
]!gsh
h*[pc0juh*g��n_av0v ��k!g
tu]!g*cp[�]!vTv ��]q�*\*k!g}�LhLom[0`bcEk�c0juh��rgsk!i�[T`a� � _b�Lk![poq~&��juh*`9]r`�_a` h4|q]r�<[0`{hLo � _b�Lk![po^[�\�t�]!gncpv �
]q�n\ek!ge��h4o
[0`bcEk&c0j�h
��g6k!i�[0`B� � _f�Lk![�ol� c0juh�gsh*\nc=k��>c0juh>_u`{hL|q]!��[0`{h4o � _f�Lk![�o?[T\�\ tVv [pc2[0`bcEk&`{h*i � _b�4k![�ol\�c0ja]rc=]!g4h
v�]q��h*v�h4o/]l\�_a` h4|q]r�<[0`{hLo � _f�Lk![�ol\*~^Y � _b�4k![�o8k!` � h,h4|q]r�<[0`{hLo9]!`{o��rgsk!i�` [�\()
îHí��oôDA�ý©û ]!`Vo�[�\<`Vkrc�\n_f�'�eh � c
cEk �n_ugnc0j�h*g � ja]!`B�ah}~)(=_b�4kr[po��rgsk!i�[0`B� � k!`bcp[0`f_bhn\x_u`bcp[0v2`Vk�_u`{h4|B]!��[T`{hLo � _b�4kr[pol\xg4h*�m]![0`V~

D 	Gê ��ý�óRü�ôõðFî ð�����ý©ù{óRôÜü�ï�ôÜø � ñ�í5 .úOýÕð�úHï�í�ôÜîHý©û úA .ý��ÜôÜñ�ôoîHíGï�ôÜî{öjï�ì{ý � ð�óL�.û{ðFîHý�ôÜî.ðFî{ý�ð���ï�ì{ý�ï�ì{ó�ý�ý
ûHôoñ�ý©îHü�ôõðFî:ü�÷�ü�í� ûHôÜñ�ý©î:ü�ôõðFî�({þ

��ýÎùHü�ý�ï�ì{ýÅéGê ë:ìHí�î[ï�ðFñÃð��t-8ôõöFù{ó�ý(	 9�íl;�ï�ð�ô����Üù:ü�ï�ó�íGï�ý&ï�ì{ý � ð�ó4��ôoî{ö�ð��=�FùHî{ö�F ü�ì{ý©ù{óRôÜü�ï�ôÜøGþg-8ôõöFù{ó�ý?	 9lú�;JöFô!��ý©ü
í<	Gê ��ôÜý � ð��Oï�ì{ý�ë:ì:í�îªï�ðFñ þ � ìHý�	Gê �]ôõý � ôÜü�ð�ú:ï�í�ôÜî{ý©û�ú1 *ëHó�ð�*�ý©øcï�ôÜî{öYï�ìHý�éGê �]ôõý � ðFîhï�ð2ï�ì{ýe�ló�ðFî[ïE��í�øcý�ð��@ï�ì{ý
ë:ì:í�îªï�ðFñ þ � ì{ý�	GêF�]ôõý � ôÜüJùHü�ý©û��lð�ó�ý©í�ü�ý�ð��×û{ó�í � ôÜî{ö{þg-8ôõöFù{ó�ý©ü 	 9�ø5;U(�9löA;�ü�ì{ð � ï�ì{ý�ôÜîHôõï�ôoí��{ø�ù{úOðFôÜû�øcðFîHü�ï�óRùHøcï�ôõðFî
ü�ï�ý�ëfð����ªùHî{ö�F üYí��õö�ð�óRôõï�ìHñ þ�-8ôõöFù{ó�ý©ü2é 9�íl;Îí�îHû 9lú�;�ü�ìHð � ï�ì{ý�	Ûôõï�ý�ó�íGï�ôõðFîHüÅð��wü�ï�ý�ë 	 ð����ªùHî{ö�F üÎì{ý©ù{óRôÜü�ï�ôÜø�ï�ìHíGï
ï�í!��ý�ë0�Üí�øcýÎðFîÛðFùHó&ý�/]í�ñ�ë0�õý�þE-8ôõöFù{ó�ý2é 9�ø5;&ü�ì{ð � ü�ï�ì{ýYý©î:û ó�ý©ü�ù��Üï�ü�í�îHû -8ôõöFù{ó�ýYé 9�û";�ü�ì{ð � ü&ï�ì{ý2éGê �]ôõý � ð��8ï�ì{ý
ë:íGóRôõï�ôõï�ôõðFîHôoî{ö{þ

&



1 V 2Kz 5���J�VSa@\UQh~ RU]Is4LNQ4a 1 c 2'465���L+]rO

1 p 2���\U]IZ�� 1 ^�2���\U]IZ��

1 ] 2���\U]IZ�� 1 n 2��@\U]IZ��

A’

ZY

X

T

W

V

U

H’

B’ C’

D’ E’

F’

G’

I’

Result of the partitioning after part of HJ’s Algo, (Region Construction)

F

A

B

C

E

G

H I

J

K L

M N

O

P

Q
R

S

1 s 2	�@\U]IZ��

-8ôõöFù{ó�ý&	 8 +]ï�ý�ë � ð��-�FùHîHö�F ü�ì{ý©ù{ó�ôÜü�ï�ôÜø�



C’B’

A’

Z

W

Y

X

V

U

Region P merges with regions S and T

D’ E’

F’

G’

H’

I’

S

Extending the largest region at the end of last step − Region P.

L

A

B

C

E

F G

H I

J

K

M N

O

P

Q
R

T

1 V 2��@\U]IZ$4

U

V

W X

Y Z

A’

B’ C’

S

D’ E’

F’

G’

H’

I’

Extending the largest region at the end of last step.
The region PST merges with regions Q, R and U.

H

A

B

C

E

F G

I

J

K L

M N

O

P

Q
R

T

1 c 2���\U]IZ�4

Result after the end of region growing part of HJ’s Algorithm.
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Result of Algorithm proposed by Haejae
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Sub−region 2

Slice

p2

p1

k

adjacent to concave edge
Slice obtained by extending

k

Sub−region 1

p1

1 V32��W]Ipr\8VSa[s4X[iNVSRWMYi+L+pI]

Slice s

Concave edge

Concave edge c2

c1

Example of a slice through two concave edges in a non−simple region
This slice intersects several concave edges.
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p2

p1

k

p1

Slice segment

Slice segment obtained by extending
adjacent to concave edge k

-8ôõöFù{ó�ý � é 8 +k�ÜôÜøcýÎü�ý�öFñ�ý©îªï

Slice s1

r1

r2 r3

Example of a slice dividing region into 3 sub−regions

p1
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s4

s3

s2

s1

Slice segment

Slice segment

Slice segment

Slice segment
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v1

p2

e2
e3

p1

v2 v3

v4v5

v6

v7

v8 v9

v10v11

v12

e1

p3

p4

p5

p6

p7

p8

(v5, v4, v11, v10)

(v2, v3, v8, v9)

(v4, v3, v9, v10)
(v5, v6, v1, v2, v3, v4)

(v7, v8, v9, v10, v11, v12)

(v5, v6, v12, v11)

v13

v14

        = (4+4+4+4+4+4+6+6) = 36
SVP = V(p1)+V(p2)+V(p3)+V(p4)+V(p5)+V(p6)+ V(p7)+V(p8)

Slice segment s1(v6, v13, v14, v12)
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