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¡O¢�£o¤¦¥¦£o§5¨�©�ª�«g¬ ­¯®±°�²�³¦´µ¥�¶
¶·£o¤�®±°¸¢�¹]£o§O¢�º±»Q¨�®i²½¼ ºi¬ ºi¾i«i³�¿;ÀTÁ±Â½ÃMÂ
Ä ®iÅ¸ºi§�Æ�®±°�¹�¨�ºO®i²�³¦¨�®i²½¼ ºi¬ ºi¾i«s¨�£`Å¸£`®±°�Ç�¥}È
®±É1³ Ä ¨�Ê¯À;Ë¦¼ ¬Ì²½¼ §¦¾s¶
Í §¦¼ Îi£o°�Å¸¼ ¢Ï«sº±»QÐ�ºi°¸¢�¥�¿;®±°�ºi¬ ¼ §�®l®w¢Ñ¿b¥�®±¤�£o¬
Ò�¼ ¬ ¬
¿b¥�®±¤�£o¬
Ò�¼ ¬ ¬e³�Ðu¿~ÓOÁ±Â±ÔiÔwÕ¸Á±Â½ÃMÂ
Ö Ô¦Ã`ÔO×;ÔiØiØwÕ ÔiØiÔOÂ
®M«g¬ ­¯®±°�²�Ù·Ë¦§�Ç±© £`²½Ë
Ú�Û �i���w�|�
Ü ¥¦¼ÌÅ1­;ºi°�Ý·­¯®iÅ1Å¸Ë¦¤¦¤�ºi°¸¢�£`²u¼ §�¤�®±°¸¢1Ég«uÐ�ÊÏÒ�Õ Ðu¿bÊ�Õ ´bÞ¦Ã`ª�ß½ÁwÔiàOÓ½³{Ð�ÊÏÒ�Õ Ðu¿bÊ�Õ ¨�Þ¦Ãw¿;ª·ØgÁwà¦ÃMÓ½³o® Ä ¼ÌÇ{°�ºOÅ¸º±»�¢1£`áOË¦¼ ¤¦¹]£o§O¢
®±§�²�Å¸º±»�¢Ï­¯®±°�£
®M­¯®±°�²�³`®±§�Ê §O¢�£o¬O£`áOË¦¼ ¤¦¹]£o§O¢Q®M­¯®±°�²�³`®±§�²u°�£`Å¸£`®±°�Ç�¥·»âË¦§�²¦Å1»â°�ºi¹~¢�¥¦£;¶·£o¤�®±°¸¢�¹]£o§O¢
º±»�¨�®i²½¼ ºi¬ ºi¾i«·®w¢ Í Ðu¿·©M´Qºi°¸¢�¼ ºi§�Å�º±»g¢�¥¦¼ÌÅ
Å¸º±»�¢Ï­¯®±°�£
¥�®MÎi£�É�£o£o§�¬ ¼ÌÇ{£o§�Å¸£`²5¢�º�¡gË¦°�¾i¼ÌÇo®±¬QÐ·®MÎg¼ ¾O®w¢�¼ ºi§ Ü £`Ç�¥¦§¦ºi¬ ºi¾i¼ £`Åo³ Ä £`²g¢�°�ºi§¦¼ÌÇ Ö Ä ¼ §¦§1© ³ Ä ¼ §¦§1© ×ã®±§�²5¢�º�¨·Ó Ü £`Ç�¥¦§¦ºi¬ ºi¾i¼ £`Åo³�Ê §�Ç±© Ö È1ºOÅ
ª�¬ ¢�ºOÅo³�¿;ªÑ×|©
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N�OQPRPHS�TVUXW�YHTVZ [>\][�^/TVOQP�Y_P_\8TVP_UV` Z \QP_a�[�^/TVbQcQbQ` W�U�[>cedfP_YHTVa�Z \BT�g�[hW�\Qi)TVOQUVP_PRiQZ jhP_\QaVZ [>\�W�`�Z jEW�k>P_a�Z a�Wml�W�UfT�[�^"jEW�\8nEY_` Z \QZ YoW�`�Z jEW�k>PRW�\�W�` neaVZ a�TXW�aVp�aoq
r \QPsY_[>jhjh[>\]W�lQlQUV[8W�YXO6TV[hTVbQcQbQ` W�Uft�[>cedfP_YHT�Y_P_\8TVP_UV` Z \QPsPHS�TVUXW�YHTVZ [>\3Z a�c�W�aVP_i6[>\6Z \8TVP_\QaVZ T�n]UVZ iQk>P�TVUXW_u8P_UVaXW�`�q�v�\]TVOQZ a�l�W�lMP_U�g�PsPHu>W�` b�WKTVPsTVOQPsPHw P_YHTVaR[�^
Z \QZ TVZ W�` Z xoWKTVZ [>\�y�\Q[>Z aVP>yQW�\QiEaVZ \Qk>bQ` W�UVZ TVZ P_a;[>\EZ \8TVP_\QaVZ T�nhUVZ iQk>P�TVUXW_u8P_UVaXW�` W�\QiElQUVP_aVP_\8T�jmbQ` TVZ t�aVYoW�` P�OQP_bQUVZ afTVZ Y_a�W�\QiE[>leTVZ jEW�` t�aVYoW�` P�jhPoW�aVbQUVP_a"TVO�WKT�jhZ \QZ jhZ x_P
TVOQP_aVP)PHw P_YHTVaoq�z][>\8TVP6{�W�UV` [6PHSelMP_UVZ jhP_\8TVambQaVZ \Qk6aVZ jmbQ` WKTVP_i|W�\Qi|Y_` Z \QZ YoW�`�i�WKTXW3W�UVPBbQaVP_i.TV[3}�b�W�\8TVZ ^ n|OQ[og2TVOQP_aVP|~Viene\�W�jhZ YHt�aVYoW�` P_�6P_\QO�W�\QY_P_jhP_\8TVa
W�iQiQUVP_aVasY_` Z \QZ YoW�`"\QP_P_iQamUVP_k8W�UViQZ \Qk)aVlMP_P_i�y"W�Y_Y_bQUXW�YHn8y;W�\Qi.W�beTV[>jEWKTVZ [>\�qBv�\.l�W�UfTVZ Y_bQ` W�Uoy*g�PhaVOQ[og�TVO�WKTmiene\�W�jhZ YHt�aVYoW�` P�UVZ iQk>PmTVUXW_u8P_UVaXW�`;Z a�Z \QaVP_\QaVZ TVZ u8P
TV[]Z TVaRZ \QZ TVZ W�`"l�W�UXW�jhPHTVP_U�aVPHTfTVZ \Qk>aoy�[>lMP_UXWKTVP_a�g�Z TVO�` Z TfTV` PhW�iQiQZ TVZ [>\�W�`;Y_[>jhlQbeTXWKTVZ [>\�W�`�[ou8P_UVOQPoW�i�y�TVUXW�YXp�asY_P_\8TVP_UV` Z \QP_aRg�Z TVO�aVbQcet�u8[oSeP_`�W�Y_Y_bQUXW�YHn8y/l�W�aVaVP_a
cQUXW�\QYXO�lM[>Z \8TVaoy"W�\Qi�O�W�\QiQ` P_amaVZ k>\QZ ��YoW�\8TmZ jEW�k>P�\Q[>Z aVP>qB��PBW�` aV[]Z ` ` bQafTVUXWKTVP�TVOQPEYoW�l�W�cQZ ` Z TVZ P_as[�^�TVOQPEjhPHTVOQ[�i�^ [>U�jhP_iQZ YoW�`�W�lQlQ` Z YoWKTVZ [>\QasZ \8u8[>` ueZ \Qk3W
u>W�UVZ PHT�nB[�^/TVbQcQbQ` W�U�afTVUVbQYHTVbQUVP_a�Z \BY_` Z \QZ YoW�`*i�WKTXWs^ UV[>j-iQZ w P_UVP_\8T�[>UVk8W�\Qaoy�l�WKTVZ P_\8TVaoyMW�\Qi]Z jEW�k>Z \Qksjh[�i�W�` Z TVZ P_aoq
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Ä ®±§g«5Å¸Ë¦°�¾i¼ÌÇo®±¬
®±§�²5¼ §O¢�£o°�Îi£o§O¢�¼ ºi§�®±¬
°�®i²½¼ ºi¬ ºi¾i«s¢�®iÅ¸Ý½Å·¼ §gÎiºi¬ Îi£xÎg¼ÌÅ¸Ë�®±¬ ¼ �o¼ §¦¾}®±§�²IáOË�®±§O¢�¼ »â«g¼ §¦¾8Îi£`Å�Å¸£o¬ÌÅo³�É¦°�ºi§�Ç�¥¦¼e³�É�ºw­;£o¬ÌÅo³�²½Ë�Ç|¢�Åo³
ºi°x§¦£o°�Îi£`Å�¼ §�¢Ï­;ºI®±§�²ã¢�¥¦°�£o£8²½¼ ¹]£o§�Å¸¼ ºi§�®±¬µ¹]£`²½¼ÌÇo®±¬;²¦®w¢�®¦© Ü ¥¦£`Å¸£8®±§�²ãº±¢�¥¦£o°l®±§�®w¢�ºi¹]¼ÌÇ]ºiÉ��Ï£`Ç|¢�Åx®±°�£]¢�Ë¦É¦Ë¦¬Ì®±°`³
¼e© £i© ³
¢�¥¦£o«ã¥�®MÎi£
§¦£`®±°�¬ «CÇ{¼ °�Ç{Ë¦¬Ì®±°]Ç{°�ºOÅ�ÅÏÕ Å¸£`Ç|¢�¼ ºi§�Ål®±§�²qÅ¸¹]ºgº±¢�¥¦¬ «CÎw®±°�«g¼ §¦¾�­�¼Ì²g¢�¥�ÅB®±§�²q¤�ºOÅ�Å¸¼ É¦¬ «�»âºi¬ ¬ ºw­ ¢�ºi°¸¢�Ë¦ºiË�Ål¤�®w¢�¥�ÅB®±§�²qÉ¦°�®±§�Ç�¥1©&¿b¬ ¼ §¦¼ÌÇo®±¬
®±¤¦¤¦¬ ¼ÌÇo®w¢�¼ ºi§�ÅÑ¼ §gÎiºi¬ Îg¼ §¦¾s¢�Ë¦É¦Ë¦¬Ì®±°x®±§�®w¢�ºi¹�«5¼ §ã¹B®±¾i§¦£{¢�¼ÌÇ�°�£`Å¸ºi§�®±§�Ç{£l®±§¦¾i¼ ºi¾i°�®±¹ Ö Ä ¨�ªÑ×|³��gÕ�°�®M«5Ç{ºi¹]¤¦Ë½¢�£`²I¢�ºi¹]ºi¾i°�®±¤¦¥g« Ö ¿ Ü ×|³
®±§�²	�i¶CË¦¬ ¢�°�®iÅ¸ºiË¦§�²�²¦®w¢�®�¼ §�Ç{¬ Ë�²½£;Å¸¥gË¦§O¢
¬ £o§¦¾±¢�¥�Å¸¤�£`Ç{¼ 
�Ço®w¢�¼ ºi§1³`Îg¼ °¸¢�Ë�®±¬OÇ{ºi¬ ºi§¦ºOÅ�Ç{ºi¤g«���¼ ¾i¥O¢¸Õ�¤�®w¢�¥�Ç{ºi§O¢�°�ºi¬e³o£o¹�É�ºi¬ ¼ �`®w¢�¼ ºi§�¤¦¬Ì®±§¦§¦¼ §¦¾�³
ÅÏ¢�£o§¦ºOÅ¸¼ÌÅ
²½£{¢�£`Ç|¢�¼ ºi§1³M°�®i²½¼Ì®w¢�¼ ºi§u¢�¥¦£o°�®±¤g«·¢�°�£`®w¢�¹]£o§O¢
¤¦¬Ì®±§¦§¦¼ §¦¾�³w®±§�² Ä ¨�ª�
¯²½¼ ¾i¼ ¢�®±¬OÅ¸Ë¦É½¢�°�®iÇ|¢�¼ ºi§x®±§¦¾i¼ ºi¾i°�®±¹'°�£o¾i¼ÌÅÏ¢�°�®w¢�¼ ºi§Ñ»âºi°
¼ §O¢�°�®wÕ
ºi¤�£o°�®w¢�¼ Îi£;¾iË¦¼Ì²¦®±§�Ç{£i©
Ê §�¢�¥¦¼ÌÅW¤�®±¤�£o°Q­;£¯¤¦°�£`Å¸£o§O¢µ®·»[®iÅÏ¢µ®±§�²l®iÇoÇ{Ë¦°�®w¢�£;¹]£{¢�¥¦º½²�»âºi°W¹]º½²½£o¬ ¼ §¦¾Ñ¢�¥¦£�Ç{£o§O¢�£o°�¬ ¼ §¦£`ÅQº±»�¢�Ë¦É¦Ë¦¬Ì®±°µ®±§�®w¢�ºi¹�«
Å¸ºl¢�¥�®w¢·Ç{ºi¹]¤¦Ë½¢�£o°¸Õ�É�®iÅ¸£`²s¹]£{¢�¥¦º½²¦Å�Ço®±§}É�£�¹]ºi°�£u£`®iÅ¸¼ ¬ «8²½£oÎi£o¬ ºi¤�£`²s¢�ºB®iÅ�Å¸¼ÌÅÏ¢�Ç{¬ ¼ §¦¼ÌÇ{¼Ì®±§�Å¯­�¼ ¢�¥�¢�¥¦£`Å¸£Ñ¢�®iÅ¸Ý½Åo©
� £5É�£o¾i¼ §&Ég«�²½¼ÌÅ�Ç{Ë�Å�Å¸¼ §¦¾ ®ã¾i£o§¦£o°�®±¬�¹]£{¢�¥¦º½²q»âºi°B¼ §O¢�£o§�Å¸¼ ¢Ï«OÕ�°�¼Ì²½¾i£}¢�°�®MÎi£o°�Å�®±¬b»âºi°sÇ{£o§O¢�£o°�¬ ¼ §¦£5£��g¢�°�®iÇ|¢�¼ ºi§1© � £�¢�¥¦£o§7¤¦°�£`Å¸£o§O¢
²½«g§�®±¹]¼ÌÇ|Õ Å�Ço®±¬ £B£o§¦¥�®±§�Ç{£o¹]£o§O¢�Åu¢�¥�®w¢�¼ ¹]¤¦°�ºwÎi£]¢�¥¦£s¥�®±§�²½¬ ¼ §¦¾Iº±»�§¦ºi¼ÌÅ¸£s®±§�²�¬ º½Ço®±¬bÅ¸¼ §¦¾iË¦¬Ì®±°�¼ ¢�¼ £`Å Ö £i© ¾�© ³
É¦°�®±§�Ç�¥¦¤�ºi¼ §O¢�Å�×Ñ­�¥¦¼ ¬ £8²½£{Õ
Ç{°�£`®iÅ¸¼ §¦¾�¢�¥¦£¯¹]£{¢�¥¦º½²�� ÅWÅ¸£o§�Å¸¼ ¢�¼ Îg¼ ¢Ï«u¢�ºu¼ ¢�ÅQ¼ §¦¼ ¢�¼Ì®±¬½¤�®±°�®±¹]£{¢�£o°
Îw®±¬ Ë¦£`Åo© � £¯¥�®MÎi£b»âºiË¦§�²x¢�¥¦£`Å¸£;¹]º½²½¼ 
�Ço®w¢�¼ ºi§�Å
¢�ºuÉ�£¯£`Å�Å¸£o§O¢�¼Ì®±¬O»âºi°
¢�¥¦£
°�ºiË½¢�¼ §¦£·¹]º½²½£o¬ ¼ §¦¾�º±»
Ç{£o§O¢�£o°�¬ ¼ §¦£`Åb¼ §8Ç{¬ ¼ §¦¼ÌÇo®±¬�¼ ¹B®±¾i£`Åo© � £uÅ¸Ë¦¤¦¤�ºi°¸¢b¢�¥¦£`Å¸£ÑÇ{ºi§�Ç{¬ Ë�Å¸¼ ºi§�ÅµÉg«]¤¦°�£`Å¸£o§O¢�¼ §¦¾x°�£`Å¸Ë¦¬ ¢�Åµ»â°�ºi¹ Ä ºi§O¢�£u¿;®±°�¬ º
£��½¤�£o°�¼ ¹]£o§O¢�Å¯¢�¥�®w¢ÑÇ{ºi¹]¤�®±°�£·¢�¥¦£���²½£{»[®±Ë¦¬ ¢��]°�¼Ì²½¾i£Ñ¢�°�®MÎi£o°�Å�®±¬�¹]£{¢�¥¦º½²�­�¼ ¢�¥�ºiË¦°���²½«g§�®±¹]¼ÌÇ|Õ Å�Ço®±¬ £���¹]£{¢�¥¦º½²}Ë�Å¸¼ §¦¾sÅ¸¼ ¹�Ë¦¬Ì®w¢�£`²�®±§�²
Ä ¨�ª ²¦®w¢�®¦© � £x®±¬ÌÅ¸ºl¤¦°�ºwÎg¼Ì²½£u¼ ¬ ¬ Ë�ÅÏ¢�°�®w¢�¼ ºi§�Å¯º±»
¢�¥¦£x®±¤¦¤¦¬ ¼ÌÇo®w¢�¼ ºi§}º±»
¢�¥¦£x²½«g§�®±¹]¼ÌÇ|Õ Å�Ço®±¬ £u¹]£{¢�¥¦º½²8¢�ºsÇ{¬ ¼ §¦¼ÌÇo®±¬1²¦®w¢�®�»â°�ºi¹#²½¼ ��£o°�£o§O¢
ºi°�¾O®±§�Åo³�¤�®w¢�¼ £o§O¢�Åo³�®±§�²I¹]º½²¦®±¬ ¼ ¢�¼ £`Åo© � £]Å¸¥¦ºw­�¢�¥�®w¢Ñ¢�¥¦£]²½«g§�®±¹]¼ÌÇ|Õ Å�Ço®±¬ £x¹]£{¢�¥¦º½²�Ço®±§I£��g¢�°�®iÇ|¢�¢�¥¦£]Ç{£o§O¢�£o°�¬ ¼ §¦£`Å·º±»W¢�¥¦£]®sÎw®±°�¼ £{¢Ï«
º±»
¢�Ë¦É¦Ë¦¬Ì®±°�ºiÉ��Ï£`Ç|¢�Å¯º½ÇoÇ{Ë¦°�°�¼ §¦¾l¼ §�¥¦£`®i² Ä ¨�ªx³¦¬ Ë¦§¦¾8¿ Ü ³¦¬ ¼ Îi£o°Ñ¿ Ü ³¦®±§�²}¬ ¼ Îi£o°��i¶�Ë¦¬ ¢�°�®iÅ¸ºiË¦§�²}²¦®w¢�®¦©
�	� Ú �����{� �;�|�
Ê�¢�¼ÌÅÑºiË¦°u¤¦¥¦¼ ¬ ºOÅ¸ºi¤¦¥g«}¢�¥�®w¢xÇ{£o§O¢�£o°�¬ ¼ §¦£l£��g¢�°�®iÇ|¢�¼ ºi§�Å¸¥¦ºiË¦¬Ì²IÉ�£B®±§�¼ §O¢�£o¾i°�®±¬
¤�®±°¸¢uº±»µ¢�Ë¦É¦Ë¦¬Ì®±°�ºiÉ��Ï£`Ç|¢u¹]º½²½£o¬ ¼ §¦¾�©]¿bºi¹]¤�®±°�£`²�¢�º
£`²½¾i£�¼Ì²½£o§O¢�¼ 
�Ço®w¢�¼ ºi§I­�¥¦¼ÌÇ�¥�¼ÌÅ·¾i£o§¦£o°�®±¬ ¬ «}¤�£o°¸»âºi°�¹]£`²5Ë�Å¸¼ §¦¾}Å¸¹B®±¬ ¬ Õ Å�Ço®±¬ £x¹]£`®iÅ¸Ë¦°�£`Åo³�Ç{£o§O¢�£o°�¬ ¼ §¦£�¼Ì²½£o§O¢�¼ 
�Ço®w¢�¼ ºi§ãÇo®±§IÉ�£l¤�£o°¸»âºi°�¹]£`²
Ég«�¼ §O¢�£o¾i°�®w¢�¼ §¦¾sºwÎi£o°Ñ®B¬Ì®±°�¾i£x£��g¢�£o§O¢uº±»b®B¢�Ë¦É¦Ë¦¬Ì®±°ÑºiÉ��Ï£`Ç|¢u®±§�²�¢�¥¦£o°�£{»âºi°�£x¹B®M«�É�£�¬ £`Å�ÅÑÅ¸£o§�Å¸¼ ¢�¼ Îi£x¢�º8¼ ¹B®±¾i£�§¦ºi¼ÌÅ¸£�� Ã`Ø���©! Ñ¼ Îi£o§�®
Ç{£o§O¢�£o°�¬ ¼ §¦£i³
Å¸Ë¦É�Å¸£`áOË¦£o§O¢u¤¦°�º½Ç{£`Å�Å¸¼ §¦¾�Å¸Ë�Ç�¥ã®iÅÑÉ�ºiË¦§�²¦®±°�«I²½£{¢�£`Ç|¢�¼ ºi§�Ço®±§ãÉ�£BÅÏ¢�®±É¦¼ ¬ ¼ �o£`²�Ég«5¤¦°�ºwÎg¼Ì²½¼ §¦¾�®}Å¸¤�®w¢�¼Ì®±¬Q¤¦°�¼ ºi°Ñ¢�º�°�£`Å¸ºi¬ Îi£
É�ºiË¦§�²¦®±°�«l®±¹�É¦¼ ¾iË¦¼ ¢�¼ £`Åo© � £�¥�®MÎi£�®±¬ÌÅ¸ºÑ»âºiË¦§�²l¢�¥¦£·Ç{£o§O¢�£o°�¬ ¼ §¦£"� ÅW¾i£oºi¹]£{¢�°�«�¢�ºx¤¦°�ºwÎg¼Ì²½£�®±§]£��¦Ç{£o¬ ¬ £o§O¢bÉ�®iÅ¸¼ÌÅ
»âºi°µ¹�Ë¦¬ ¢�¼ Õ�¹]º½²¦®±¬�¼ ¹B®±¾i£
°�£o¾i¼ÌÅÏ¢�°�®w¢�¼ ºi§#� Ó���³$� ����©
Ê §}¢�¥¦¼ÌÅ�¤�®±¤�£o°`³½­;£u£��½¤¦¬ ºi°�£·¢�¥¦£�°�ºi¬ £`Å;º±»Q¼ §¦¼ ¢�¼Ì®±¬ ¼ �`®w¢�¼ ºi§1³½§¦ºi¼ÌÅ¸£i³¦Å¸¼ §¦¾iË¦¬Ì®±°�¼ ¢�¼ £`Åo³½®±§�²�Å�Ço®±¬ £Ñ¼ §�°�¼Ì²½¾i£{Õ�É�®iÅ¸£`²s¹]£{¢�¥¦º½²¦Å¯»âºi°¯¢�Ë¦É¦Ë¦¬Ì®±°¸Õ
ºiÉ��Ï£`Ç|¢}Ç{£o§O¢�£o°�¬ ¼ §¦£5£��g¢�°�®iÇ|¢�¼ ºi§1©�¨�¼Ì²½¾i£I¹]£{¢�¥¦º½²¦Åsºi¤�£o°�®w¢�£�Ég«&Ç{ºi§�Å¸¼Ì²½£o°�¼ §¦¾ ®±§'Ð�Õ ²½¼ ¹]£o§�Å¸¼ ºi§�®±¬�¼ ¹B®±¾i£�¢�º É�£�®CÅ¸Ë¦°¸»[®iÇ{£�¼ §'®±§
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� d�d�h anOSWFZ&a PRV]s-L/dfK�O=a gfOJ}eV�PFqDh K�\]kRKJP?j�a YNW?kRKJV�PRanL/KDW?VX\!O=KSV6Z&KSM&h a V�KBZ&PRM/Z&^�P6L/a Z�T(OSW?V!mfKD^XL/K�\(Z&P[L/dfK�O=a j+T<W?h Z&KSM&VXWFZ&a QRKJYNW?d�d�a V�k6L�j+M&PRY
PRm�o-K�O�Z%M�WR\]a ^XLAZ&P L&OSW?h KRi]m�^]Z%qBK'IXW�QRK0j+PR^�VX\UL/^XO�I:Z&^�V�a V�kN^�V�V�K�O=K�L&L&W?M&TRb
�`K�K�L�Z&a YNWFZ&K'Z&I�K�h P]OSW?h;M�WR\]a ^XLBP?j�Z&I�K'Z&^�mfK�meT gXVX\]a V�kNW!h P]OSW?h;YNWFl]a Y(^�Y�P?j�W<Y!K�\]anW?h V�K�L&LBj+^�VXO�Z&a PRVtWFZ%�f�/b

� ����W?M&kRYNWFle�0�C�p�+�f�/�S�� � �e�/�]�/� �"�6�

w0^�M0Y!K�\]anW?h V�K�L&LDj+^�VXO�Z&a PRV`�p��� �D^XL/K�L0W?V_WR\�W?d]Z&a QRK[O=PRVeQRPRh ^]Z&a PRVU}RKSM&V�KShGj+PRM&Y!K�\UmeTtWNM&a V�k P?j�mfPR^�VX\�W?M&T:PRdfKSM�WFZ&PRM�L%O=KSV6Z&KSM&K�\
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Z&M�W�QRKSM�L&W?h�z LAP?Z&I�KSMDa V�a Z&anW?hGdXW?M�W?Y!K=Z&KSM�i]L&OSW?h K � 3 i�anLDa h h ^XL�Z&M�WFZ&K�\�V�K=leZ�b



�V�

�/Z kQq��eqR� aV` Z Y_P � S�t�ueaft�xRWKT�n 
 � $ ��W�` [>\QksTVOQP�Y_P_\8TVP_U�[�^*TVOQP�TVbQcMP�Z \hTVOQPRaVZ jmbQ` WKTVP_ihi�WKTXWsg�Z TVOhTVOQUVP_P�iQZ w P_UVP_\8T�` PHu8P_` a�[�^^��W�bQaVaVZ W�\B\Q[>Z aVP�W�iQiQP_i�q ��[>Z aVP
afTXW�\Qi�W�UVi]iQPHueZ WKTVZ [>\QaRW�UVP �������	� ��� 
 m $ey ��� � ����� ����� 
 �+$ey�W�\Qi ����� ����� ��� 

	�$eq�N�OQPRTVbQcMP�	 a�\Q[>Z aVPHt�^ UVP_P>y�Y_UV[>aVaft�aVP_YHTVZ [>\�W�`�Z \8TVP_\QaVZ T�n)lQUV[���` P�Z a�aVOQ[og�\
Z \7�/Z kQq � q

30 35 40 45 50 55 60 65 70

25

30

35

40

45

50

55

z

x

Ideal      
σ’ = 1
σ’ = 2
σ’ = 4

�/Z kQq � q ��u8P_UXW�k>PBS�t�Y_[�[>UViQZ \�WKTVP)^ [>U�PoW�YXO+xHt�Y_[�[>UViQZ \�WKTVP)^ [>U � $�$3Y_P_\8TVP_UV` Z \QP)PHS�TVUXW�YHTVZ [>\QaBWKT�TVOQUVP_P)iQZ w P_UVP_\8TEaVYoW�` P_aoq ��W�UVk>P_UhaVYoW�` P_a�afTVUXW�Z k>O8TVP_\+TVOQP
Y_P_\8TVP_UV` Z \QP_a�WKT�Y_bQUfu8P_a � x 
 ��� W�\Qi)x 

� � ��W�\Qi]W�UVP�WKw P_YHTVP_i]c8nB\QP_Z k>O�cM[>UVZ \Qkh[>cedfP_YHTVa�aVbQYXO]W�a�cQUXW�\QYXOQP_a � x 
 � $ �Xq

� � Ú ���w� �������¦�nmQ�|���e�[���w�1���w�����B�{� �{� k � �`�Ì�|��� ���
ª·Å]¹]£o§O¢�¼ ºi§¦£`²q¼ §7¡g£`Ç|¢�¼ ºi§�Ê¸Ê¸Ê�Õ ÀÑ³;Å�Ço®±¬ £}¼ÌÅl¢�¥¦£5Ç{°�¼ ¢�¼ÌÇo®±¬¯¤�®±°�®±¹]£{¢�£o°lº±»Ñ°�¼Ì²½¾i£8¢�°�®MÎi£o°�Å�®±¬e© )·§¦£�®iÅ¸¤�£`Ç|¢Bº±»Ñ¼ ¢�Å]¼ ¹]¤�ºi°¸¢�®±§�Ç{£}¼ÌÅ
­;£o¬ ¬
¼ ¬ ¬ Ë�ÅÏ¢�°�®w¢�£`²�¼ §IÆ
¼ ¾�©·Ág© Ü ¥¦¼ÌÅ�¤¦¬ º±¢·­¯®iÅ¯»âºi°�¹]£`²�Ë�Å¸¼ §¦¾B¢�¥¦£�²½£{»[®±Ë¦¬ ¢Ñ¼ ¹]¤¦¬ £o¹]£o§O¢�®w¢�¼ ºi§I®±§�²}¢�¥¦£)' � Ó±ÞB²¦®w¢�®BÉg«�®MÎi£o°�®±¾i¼ §¦¾�¢�¥¦£
�gÕ Ç{ºgºi°�²½¼ §�®w¢�£�»âºi°u£`®iÇ�¥#�{Õ Ç{ºgºi°�²½¼ §�®w¢�£�»âºi°xÂ±ÞiÞ8°�®±§�²½ºi¹ £��g¢�°�®iÇ|¢�¼ ºi§�ÅÑ¤�£o°¸»âºi°�¹]£`²ã®w¢�£`®iÇ�¥ ���WÎw®±¬ Ë¦£i© � £sÇ{ºi§�Ç{¬ Ë�²½£l¢�¥�®w¢xË�Å¸¼ §¦¾�®
¬Ì®±°�¾i£o°¯Å�Ço®±¬ £uÅÏ¢�°�®±¼ ¾i¥O¢�£o§�Åµ¢�¥¦£�Ç{Ë¦°�Îi£`Å;¼ §�®lÇ{£o§O¢�£o°�¬ ¼ §¦£u®±§�²8¼ §�Ç{°�£`®iÅ¸£`Åµ¢�¥¦£u¼ §���Ë¦£o§�Ç{£uº±»
§¦£o¼ ¾i¥gÉ�ºi°�¼ §¦¾lºiÉ��Ï£`Ç|¢�Å Ö ®w¢¯¢�¥¦£uÉ¦°�®±§�Ç�¥¦¤�ºi¼ §O¢
¢�¥¦£�¤¦°�£`Å¸£o§�Ç{£xº±»W¢Ï­;ºB¢�Ë¦É�£`ÅuÇo®±Ë�Å¸£`Å¯¢�¥¦£ ��� � ß}Ç{£o§O¢�£o°�¬ ¼ §¦£�¢�º8É�£l²½£���£`Ç|¢�£`²�×|©ÑÐ�£��g¢Ñ­;£�£oÎw®±¬ Ë�®w¢�£�¢�¥¦£�¼ §���Ë¦£o§�Ç{£�º±»bÅ�Ço®±¬ £xºi§5¢�¥¦£
Å¸¤�£o£`²}º±»
£`®iÇ�¥}¹]£{¢�¥¦º½²�©



� �

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Initial Scale Estimate (σ‘)

S
ec

on
ds

 to
 tr

av
er

se
 2

0 
vo

xe
ls

Default 
Enhanced

��� ���������G��
���
-�n$���� �G1����S,�
������ ���J#D
-�����S�6. �;��� #D
5���B���C$�@=
�����
 �
���B1?��� �=�������

��A@=�/2�
�� ���;���X$A,�
��=��
���� � ��
9@�$���� 
��;� ����# ��� �9��� ��� �B��
�,��������5��
�1?
������ ���D���
����
E��,/$�� 
�����
���� 2 �+$&2�� ���C���G��
�� ���F$�#D� ,5� ��,/$�� 
�#D
-�����S�6. �;��� #D
9� �G,�������� �"��
��=��� ���
��� ���B��
���1�� ��
���� 	R
���
��=��� ��� ��� $��6��,/$�� 
9@�$�� ��
��/�


��
��� #�#��

HJI�K[L/dfKSK�\�LDP?j5Z&I�K[\]K=j"W?^�h Z0W?VX\U\]TeVXW?Y!anO�s-L&OSW?h K4a Y!d�h KSY!KSV6Z�WFZ&a PRVXLDqBKSM&K'�6^XW?V6Z&a gXK�\:a V:Z&KSM&YNLJP?j�W�QRKSM�W?kRK0Ve^�Y(mfKSMDP?j�L/K�O=PRVX\�L
Z&P_Z&M�W�QRKSM�L/K8���R�tM&an\]kRK:dfPRa V6Z�L:�"W?d�d�M&P�l]a YNWFZ&KSh T�v?�8QRP�l]KShnL[kRa QRKSV�� � ��b vR��b��DK�L/^�h Z�L!W?M&K�kRa QRKSV�a V u�a kXb ��b|HJI�K�L/KUW�QRKSM�W?kRK�L
qBKSM&KUOSW?hnO=^�hnWFZ&K�\�meT|dfKSM/j+PRM&Y!a V�k|v?�R�_K=leZ&M�WRO�Z&a PRVXL[j+PRM!K�WRO�I�Y!K=Z&I�P]\ WFZNK�WRO�I � 3 ^XL/a V�k`Z&I�K �X�'v?�_\�WFZ�W�b HJI�K�L/K:K=leZ&M�WRO�Z&a PRVXL
qBKSM&K<dfKSM/j+PRM&Y!K�\8PRV`W��0KSh hEO=PRY!d�^]Z&KSM'M&^�V�V�a V�k �tanO=M&P6L/P?j Z4� a VX\]PFq%L[v?�R�R�NqDa Z&I�Wt����� �tI����9KSV6Z&a ^�Y £/£/£4d�M&P]O=K�L&L/PRM4W?VX\���v �
Y!KSk6W?meT6Z&K�LJP?j�Y!KSY!PRM&TRb
HJqBP!O=PRVXO=h ^XL/a PRVXLBW?M&K0a VX\]anOSWFZ&K�\�meT u�a kXb���b�u�a M�L�Z�i�WRLEZ&I�K�L&OSW?h K4^XL/K�\Nj+PRMBg�l]K�\es-L&OSW?h K%Z&M�W�QRKSM�L&W?hXa VXO=M&K�WRL/K�LSiRZ&I�K'\]TeVXW?Y!anO�s-L&OSW?h K

KSV�IXW?VXO=KSY!KSV6Z�L(WRO�Z&^XW?h h T_M&K�\]^XO=K K=leZ&M�WRO�Z&a PRV`Z&a Y!K�meT`^XL/a V�k_L/YNW?h h KSM(L&OSW?h K Y!K�WRL/^�M&KSY!KSV6Z�L�qDI�KSV�W?d�d�M&PRd�M&anWFZ&KRbtceK�O=PRVX\;i9mfP?Z&I
Y!K=Z&I�P]\�LJW?M&K%j"WRL�Z�b��tP6L�ZBa Y!dfPRM/Z�W?V6Z&h TRi6Z&I�K'\]TeVXW?Y!anO�s-L&OSW?h K%Y!K=Z&I�P]\�M&K��6^�a M&K�L�����b ���[L/K�O=PRVX\�LEZ&P[j+PRh h PFq�W<v?�[QRP�l]KShXK=leZ&KSV6ZJP?jGZ&I�K
O=KSV6Z&KSM&h a V�KNP?jDWt��b � Z&P��Xb �UQRP�l]KSh9M�WR\]a ^XL'Z&^�mfKRb��4a QRKSV`Z&I�K d�M&KSQFW?h KSVXO=K!P?jD��b ��Z&P_v�QRP�l]KSh�M�WR\]a ^XL'QRK�L&L/KShnLN���=s��tY!Y�\]anW?Y!K=Z&KSM��
a V a V6Z&M�WRO=M�W?V�anW?h���� � a YNW?kRK�L8���=l;�=l;�UY!Y
QRP�l]KSh%L/a �SK���iJa Z�anL �6^�a Z&K8K�WRL/T|Z&P�d�M&P]O=K�L&LNW?Vxa V6Z&M�WRO=M�W?V�anW?h���� � \�WFZ�WRL/K=Z a V ���
Y!a Ve^]Z&K�LSbEHJI�K0dfP?Z&KSV6Z&anW?h�a VXO=M&K�WRL/K%a V:L/dfKSK�\NP?¢�KSM&K�\NmeT<Z&I�K'\]TeVXW?Y!anO�s-L&OSW?h K0Y!K=Z&I�P]\ mfK�O=PRY!K�LAKSQRKSV Y!PRM&K%Y!K�W?V�a V�k?j+^�h�qDI�KSV Z&I�K
a Y!d�M&PFQRKSY!KSV6Z�LBa VtWROSO=^�M�WRO=T W?VX\:W?^]Z&PRYNWFZ&a PRVUWF¢�PRM�\]K�\�meT a Z�LDKSV�IXW?VXO=KSY!KSV6Z�LDW?M&K�O=PRVXL/an\]KSM&K�\;b



� �
� ��� �w��� �nmµ�w�|� � ���|���{�|� �B�{���[� Û �|���
l Ú � � Û � �w� ��� �l�w� �
Ü º�áOË�®±§O¢�¼ »â«�¢�¥¦£}®iÇoÇ{Ë¦°�®iÇ{«ã®±§�² ®±Ë½¢�ºi¹B®w¢�¼ ºi§ Ço®±¤�®±É¦¼ ¬ ¼ ¢�¼ £`Åxº±»�¢�¥¦£8²½£{»[®±Ë¦¬ ¢]®±§�² ²½«g§�®±¹]¼ÌÇ|Õ Å�Ço®±¬ £B¹]£{¢�¥¦º½²¦Åo³ Ä ºi§O¢�£�¿;®±°�¬ º5£��gÕ
¤�£o°�¼ ¹]£o§O¢�Åu­;£o°�£]Ç{ºi§�²½Ë�Ç|¢�£`²ãË�Å¸¼ §¦¾8¢�¥¦£sÅ¸¼ ¹�Ë¦¬Ì®w¢�£`²ã²¦®w¢�®¦©]Æ¦ºi°u£`®iÇ�¥�¹]£{¢�¥¦º½²�³QÓ±ÞiÞ8°�®±§�²½ºi¹ ÅÏ¢�®±°¸¢�¼ §¦¾}¤�ºi¼ §O¢�Å 	��W­;£o°�£l£oÎw®±¬ Ë�®w¢�£`²
Ë�Å¸¼ §¦¾B¢�¥¦°�£o£x¼ §¦¼ ¢�¼Ì®±¬QÅ�Ço®±¬ £�Îw®±¬ Ë¦£`Å Ö ��� � Ãi© Þ¦³�Ó½© Þ¦³�®±§�²�ß�© ÞO×�®±§�²}¢�¥¦°�£o£�²½¼ ��£o°�£o§O¢Ñ¬ £oÎi£o¬ÌÅ�º±»W¼ ¹B®±¾i£x§¦ºi¼ÌÅ¸£ Ö ' � Ó±Þ¦³�ßOÞ¦³�®±§�²5àiÞO×|©�¶·Ë¦£
¢�º}Ë�Å¸¼ §¦¾s¢�¥¦¼ÌÅuÉ¦°�ºO®i²�°�®±§¦¾i£�º±»b¼ §¦¼ ¢�¼Ì®±¬WÅ�Ço®±¬ £`Åo³�Ç{£o§O¢�£o°�¬ ¼ §¦£l£��g¢�°�®iÇ|¢�¼ ºi§�Å�­;£o°�£�¼ §¦¼ ¢�¼Ì®w¢�£`²�­�¼ ¢�¥ � � � ß � Þ8®w¢�Å¸£o£`²I¤�ºi¼ §O¢�Å·­�¥¦£o°�£�¢�¥¦£
¢�Ë¦É�£"� Å�°�®i²½¼ Ë�Å¯­¯®iÅ¯®iÇ|¢�Ë�®±¬ ¬ «8Þ¦© Â½³g¢�¥¦£o°�£oÉg«sºwÎi£o°�£`ÅÏ¢�¼ ¹B®w¢�¼ §¦¾x¢�¥¦£x®iÇ|¢�Ë�®±¬�°�®i²½¼ Ë�Å¯Ég«8®�»[®iÇ|¢�ºi°�º±»Q£o¼ ¾i¥O¢`©µ¡g¼ ¹]¼ ¬Ì®±°�¬ «i³¦Ç{£o§O¢�£o°�¬ ¼ §¦£`Å¯­;£o°�£
Å¸ºiË¦¾i¥O¢�­�¥¦£o°�£Ñ¢�¥¦£u¢�Ë¦É�£"� Å�°�®i²½¼ Ë�Å¯­¯®iÅ;ß�© Þ¦³½É¦Ë½¢�¼ §�ÅÏ¢�£`®i²�����­¯®iÅ�Å¸£{¢¯¢�º5Ãi© Þ¦©
¡g¼ ��¹]£`®iÅ¸Ë¦°�£`Å�­;£o°�£�¹B®i²½£�ºi§5£`®iÇ�¥�£��g¢�°�®iÇ|¢�£`²�Ç{£o§O¢�£o°�¬ ¼ §¦£�²½Ë¦°�¼ §¦¾]¢�¥¦£ Ä ºi§O¢�£]¿;®±°�¬ º]°�Ë¦§�Åo© Ü ¥¦£*
�°�ÅÏ¢�»âºiË¦°·º±»
¢�¥¦£`Å¸£x¹]£`®iÅ¸Ë¦°�£`Å
áOË�®±§O¢�¼ »â«}¢�¥¦£l®iÇoÇ{Ë¦°�®iÇ{«8º±»µ£`®iÇ�¥5¹]£{¢�¥¦º½²�© Ü ¥¦£�¬Ì®iÅÏ¢·¢Ï­;ºs¹]£`®iÅ¸Ë¦°�£`Å�áOË�®±§O¢�¼ »â«�¥¦ºw­T­;£o¬ ¬
¢�¥¦£�¹]£{¢�¥¦º½²¦ÅÑÇo®±§IÉ�£l®±Ë½¢�ºi¹B®w¢�£`²�© Ü ¥¦£
¹]£`®iÅ¸Ë¦°�£`Å¯®±°�£
Ãi© � �w�{���:lO���;�|���w� 'bÄ £`®±§�²½¼ÌÅÏ¢�®±§�Ç{£�É�£{¢Ï­;£o£o§�®l¤�ºi¼ §O¢�ºi§8¢�¥¦£�£��g¢�°�®iÇ|¢�£`²8°�¼Ì²½¾i£�®±§�²8¼ ¢�Å�Ç{¬ ºOÅ¸£`ÅÏ¢�¼Ì²½£`®±¬1Ç{£o§O¢�£o°�¬ ¼ §¦£�¤�ºi¼ §O¢`©
Ó½© � ���i� � Û � �;�|���w� 'QÄ ®��½¼ ¹�Ë¦¹%²½¼ÌÅÏ¢�®±§�Ç{£¯É�£{¢Ï­;£o£o§]£`®iÇ�¥l¤�ºi¼ §O¢µºi§l¢�¥¦£�£��g¢�°�®iÇ|¢�£`²�°�¼Ì²½¾i£�®±§�²x¢�¥¦£·Ç{¬ ºOÅ¸£`ÅÏ¢W¼Ì²½£`®±¬¦Ç{£o§O¢�£o°�¬ ¼ §¦£�¤�ºi¼ §O¢`©
�¦© ���{�����{���·� �x���w�����[���}��� �g����� �
	�� ���g�{� ' ´Q£o°�Ç{£o§O¢Ñº±»µ¤�ºi¼ §O¢�ÅÑºi§5¢�¥¦£]£��g¢�°�®iÇ|¢�£`²5°�¼Ì²½¾i£x­�¼ ¢�¥¦¼ §�Þ¦© ÂBÎiº��½£o¬
º±»µ¢�¥¦£o¼ °uÇ{¬ ºOÅ¸£`ÅÏ¢Ñ¼Ì²½£`®±¬
Ç{£o§O¢�£o°�¬ ¼ §¦£u¤�ºi¼ §O¢`©
ß�© ���{�����{���]� �s���w�����[�
�}��� �g����� � ���g�{� ' ´Q£o°�Ç{£o§O¢]º±»u¤�ºi¼ §O¢�Å]ºi§q¢�¥¦£5£��g¢�°�®iÇ|¢�£`²q°�¼Ì²½¾i£}­�¼ ¢�¥¦¼ §�Ã�Îiº��½£o¬¯º±»·¢�¥¦£o¼ °8Ç{¬ ºOÅ¸£`ÅÏ¢]¼Ì²½£`®±¬
Ç{£o§O¢�£o°�¬ ¼ §¦£u¤�ºi¼ §O¢`©
Â½© � �w�{���:lO�����{�����{�����
�{�
l±� ��' ´Q£o°�Ç{£o§O¢�º±»Q¤�ºi¼ §O¢�Å�¼ §}¢�¥¦£�£��g¢�°�®iÇ|¢�£`²8°�¼Ì²½¾i£i© � �g¢�°�®iÇ|¢�¼ ºi§}Ë�Å¸¼ §¦¾B®]§¦ºi¼ÌÅ¸£{Õe»â°�£o£u¼ ¹B®±¾i£u¤¦°�º½²½Ë�Ç{£`²}àiÞiÞ
¤�ºi¼ §O¢�Åo³�Å¸º]¢�¥¦¼ÌÅ·§gË¦¹�É�£o°�¼ÌÅ�°�£o¤�ºi°¸¢�£`²�®iÅ�®±§5¤�£o°�Ç{£o§O¢�®±¾i£uºiË½¢·º±»µàiÞiÞ¦© Ü ¥¦¼ÌÅ�§gË¦¹�É�£o°·¼ÌÅ�ÅÏ¢�°�ºi§¦¾i¬ «}Ç{ºi°�°�£o¬Ì®w¢�£`²8­�¼ ¢�¥�¢�¥¦£x¤�£o°�Ç{£o§O¢·º±»
É¦°�®±§�Ç�¥½Õ�¤�ºi¼ §O¢�Å¯Ç{°�ºOÅ�Å¸£`² Ö ¹]£`®iÅ¸Ë¦°�£�ØO×|©
Ø¦© ���{�����{���b� � �����w��� � � ���w�����[�jmQ���M���o���(' ´Q£o°�Ç{£o§O¢bº±»�¢�¥¦£uÓ±ÞiÞ�£��g¢�°�®iÇ|¢�¼ ºi§�ÅW¢�¥�®w¢¯Å¸¤�®±§¦§¦£`²]¢�¥¦£ �{Õ ²½¼ ¹]£o§�Å¸¼ ºi§B»â°�ºi¹�Å¸¬ ¼ÌÇ{£·ß½Á·¢�ºlÅ¸¬ ¼ÌÇ{£Â � �B¢�¥¦£`Å¸£xÅ¸¬ ¼ÌÇ{£`Å¯É�ºiË¦§�²8¢�¥¦£�É¦°�®±§�Ç�¥¦¤�ºi¼ §O¢`©
� £¯Ço®±¬ÌÇ{Ë¦¬Ì®w¢�£`²u¢�¥¦£¯®MÎi£o°�®±¾i£µ®±§�²�ÅÏ¢�®±§�²¦®±°�²x²½£oÎg¼Ì®w¢�¼ ºi§�Å�»âºi°
¢�¥¦£ 
�°�ÅÏ¢ 
�Îi£bº±»¦¢�¥¦£`Å¸£;¹]£`®iÅ¸Ë¦°�£`Å1ºwÎi£o°1¢�¥¦£�Ó±ÞiÞ�°�Ë¦§�Å1»âºi°
£`®iÇ�¥�¢�¥¦°�£o£{Õ�­¯®M«
Ç{ºi¹�É¦¼ §�®w¢�¼ ºi§ ' '�³¦¹]£{¢�¥¦º½²�³ ���e© Ü ¥¦£xÅ¸¼ �g¢�¥}¹]£`®iÅ¸Ë¦°�£u¼ÌÅ�®BÇ{ºiË¦§O¢�ºwÎi£o°¯£`®iÇ�¥}Å¸£{¢�º±»µÓ±ÞiÞ�°�Ë¦§�Åo©W¨�£`Å¸Ë¦¬ ¢�Å�®±°�£u¾i¼ Îi£o§8¼ §5Æ
¼ ¾OÅo©µÔwÕ�ÃiÃi©
¶�© Ã ¶·¼ÌÅ�Ç{Ë�Å�Å¸¼ ºi§}º±»Qª·ÇoÇ{Ë¦°�®iÇ{«
Ü ºxÇ{ºi¹]¤�®±°�£;¢�¥¦£·®iÇoÇ{Ë¦°�®iÇ{«�º±»�¢�¥¦£�²½¼ ��£o°�£o§O¢b¹]£{¢�¥¦º½²¦Åo³i­;£¯¢�£`ÅÏ¢�£`²l¢�¥¦£·Ð�Ë¦¬ ¬�Ò�«g¤�º±¢�¥¦£`Å¸¼ÌÅQ¢�¥�®w¢W¢�¥¦£o°�£�­¯®iÅQ§¦ºx²½¼ ��£o°�£o§�Ç{£�É�£{¢Ï­;£o£o§
¢�¥¦£]¹]£`®±§�¤�£o°¸»âºi°�¹B®±§�Ç{£�º±»b¢�¥¦£B²½£{»[®±Ë¦¬ ¢�®±§�²I¢�¥¦£]²½«g§�®±¹]¼ÌÇ|Õ Å�Ço®±¬ £�¼ ¹]¤¦¬ £o¹]£o§O¢�®w¢�¼ ºi§�Åo©�È1£oÎi£o¬ÌÅÑº±»;Å¸¼ ¾i§¦¼ 
�Ço®±§�Ç{£]´�� � � Ö ��� � � ×·­;£o°�£Ço®±¬ÌÇ{Ë¦¬Ì®w¢�£`²�©�¶·¼ ��£o°�£o§�Ç{£`ÅlÉ�£{¢Ï­;£o£o§C¹]£`®±§�Å�­;£o°�£}Ç{ºi§�Å¸¼Ì²½£o°�£`²CÅ¸¼ ¾i§¦¼ 
�Ço®±§O¢�¼ »Ñ´�� � � Ö © × � Þ¦© Þ¦Ãi© � £�®±¬ÌÅ¸º�Ço®±¬ÌÇ{Ë¦¬Ì®w¢�£`²�¢�¥¦£}¹]¼ §¦¼ ¹�Ë¦¹²½¼ ��£o°�£o§�Ç{£�É�£{¢Ï­;£o£o§�¢�¥¦£�¹]£`®±§�Å�¢�¥�®w¢uÇo®±§5É�£l²½£{¢�£`Ç|¢�£`²5­�¼ ¢�¥�®B¤�ºw­;£o°�º±»bÞ¦© ÔiÔB®±§�²5®8Å¸¼ ¾i§¦¼ 
�Ço®±§�Ç{£�¬ £oÎi£o¬
º±»bÞ¦© Þ¦Ã Ö ¼e© £i© ³ ����� ��� � � � �{�®±§�² ��� � � � �{� ×1Ë�Å¸¼ §¦¾Ñ¤�ºgºi¬ £`²x£`ÅÏ¢�¼ ¹B®w¢�£`²xÎw®±°�¼Ì®±§�Ç{£b®w¢Q£`®iÇ�¥x¬ £oÎi£o¬gº±»¦¼ ¹B®±¾i£b§¦ºi¼ÌÅ¸£!� Ówß ��³�� Ø���©�oµ®±°�¼Ì®±§�Ç{£`Å1­;£o°�£b¤�ºgºi¬ £`²x­�¼ ¢�¥¦¼ §�£`®iÇ�¥�¬ £oÎi£o¬º±»µ¼ ¹B®±¾i£x§¦ºi¼ÌÅ¸£�Å¸¼ §�Ç{£�¤�£o°¸»âºi°�¹B®±§�Ç{£xÎw®±°�¼ £`²�¹]ºi°�£�®iÅ·®B»âË¦§�Ç|¢�¼ ºi§Iº±»µ¼ ¹B®±¾i£x§¦ºi¼ÌÅ¸£�¢�¥�®±§�®iÅ·®B»âË¦§�Ç|¢�¼ ºi§Iº±»µ¹]£{¢�¥¦º½²Iºi°·Å¸£o£`²gÕ Å�Ço®±¬ £i©
¨�£`Å¸Ë¦¬ ¢�Å�®±°�£Ñ¾i¼ Îi£o§}¼ § Ü ®±É¦¬ £uÊ¸Ê|©
Ü ¥¦£o°�£]®±°�£�¢�¥¦°�£o£]¾i£o§¦£o°�®±¬QÇ{ºi§�Ç{¬ Ë�Å¸¼ ºi§�Å·¢�¥�®w¢xÇo®±§�É�£B²½°�®M­�§I»â°�ºi¹ ¢�¥¦£`Å¸£]£��½¤�£o°�¼ ¹]£o§O¢�Åo©lÆ
¼ °�ÅÏ¢`³1É�º±¢�¥ã¹]£{¢�¥¦º½²¦Å�®±°�£l£��g¢�°�£o¹]£o¬ «
®iÇoÇ{Ë¦°�®w¢�£i©lÆ¦ºi°Ñ¢�¥¦£ ' � Ó±Þ}®±§�²I¢�¥¦£ ' � ßOÞ}²¦®w¢�®¦³1®MÎi£o°�®±¾i£x£o°�°�ºi°Ñ­¯®iÅÑ¬ £`Å�ÅÑ¢�¥�®w¢�ºi§¦£lÎiº��½£o¬e³�¹B®��½¼ ¹�Ë¦¹ £o°�°�ºi°Ñ­¯®iÅu®±É�ºiË½¢u¢Ï­;º
Îiº��½£o¬ÌÅo³�®±É�ºiË½¢uÔiÞ	��º±»W¢�¥¦£�£��g¢�°�®iÇ|¢�£`²�¤�ºi¼ §O¢�Å·­;£o°�£x­�¼ ¢�¥¦¼ §�ºi§¦£�Îiº��½£o¬1º±»W¢�¥¦£l¼Ì²½£`®±¬e³�®±§�²�»âºi°·¢�¥¦£�' � Ó±Þs²¦®w¢�®sºi§�®MÎi£o°�®±¾i£uºwÎi£o°
ÔiÞ	��º±»
¢�¥¦£�¼Ì²½£`®±¬
Ç{£o§O¢�£o°�¬ ¼ §¦£�­¯®iÅ;¢�°�®MÎi£o°�Å¸£`²sÉg«s¢�¥¦£�²½«g§�®±¹]¼ÌÇ|Õ Å�Ço®±¬ £u¹]£{¢�¥¦º½² Ö ¼ ¢ÑÇ{ºi§�Å¸¼ÌÅÏ¢�£o§O¢�¬ «}Ç{°�ºOÅ�Å¸£`²s¢�¥¦£x²½¼ �sÇ{Ë¦¬ ¢`³�¼ §¦§¦£o°¸Õ Å�Ço®±¬ £
É¦°�®±§�Ç�¥}¤�ºi¼ §O¢�§¦£`®±°�¬ «sÔiÞ	�%º±»
¢�¥¦£u¢�¼ ¹]£M×|© Ü ­;º�³g»âºi°�£oÎi£o°�«B¹]£`®iÅ¸Ë¦°�£Ñ£��¦Ç{£o¤½¢�¹B®��½¼ ¹�Ë¦¹�£o°�°�ºi°b¢�¥¦£x²½«g§�®±¹]¼ÌÇ|Õ Å�Ço®±¬ £·£o§¦¥�®±§�Ç{£o¹]£o§O¢�Å



� �

0 1 2 3 4 5
0

0.5

1

1.5

2

Initial Scale Estimate (σ’)

A
ve

ra
ge

 E
rr

or
 (

vo
xe

ls
)

Default      
Dynamic−Scale

0 1 2 3 4 5
0

1

2

3

4

Initial Scale Estimate (σ’)

M
ax

im
um

 E
rr

or
 (

vo
xe

ls
)

0 1 2 3 4 5
0

50

100

Initial Scale Estimate (σ’)

%
 P

oi
nt

s 
W

ith
in

 0
.5

 V
ox

el

0 1 2 3 4 5
0

50

100

Initial Scale Estimate (σ’)

%
 W

ith
in

 1
.0

 V
ox

el

0 1 2 3 4 5
0

50

100

Initial Scale Estimate (σ’)

A
ve

ra
ge

 L
en

gt
h 

(%
)

0 1 2 3 4 5
0

50

100

Initial Scale Estimate (σ’)%
 T

im
es

 B
ra

nc
hp

oi
nt

 C
ro

ss
ed

�/Z kQq !eq+z]PoW�\Qa�W�\Qi)afTXW�\Qi�W�UVi]iQPHueZ WKTVZ [>\Qa�[�^�TVOQPRaVZ S)z][>\8TVPs{�W�UV` [mjhPoW�aVbQUVP_a�^ [>U�TVOQP � 
 m $�Z jEW�k>P � �/Z kQq �<���Xq

0 1 2 3 4 5
0

0.5

1

1.5

2

Initial Scale Estimate (σ’)

A
ve

ra
ge

 E
rr

or
 (

vo
xe

ls
)

Default      
Dynamic−Scale

0 1 2 3 4 5
0

1

2

3

4

Initial Scale Estimate (σ’)

M
ax

im
um

 E
rr

or
 (

vo
xe

ls
)

0 1 2 3 4 5
0

50

100

Initial Scale Estimate (σ’)

%
 P

oi
nt

s 
W

ith
in

 0
.5

 V
ox

el

0 1 2 3 4 5
0

50

100

Initial Scale Estimate (σ’)

%
 W

ith
in

 1
.0

 V
ox

el

0 1 2 3 4 5
0

50

100

Initial Scale Estimate (σ’)

A
ve

ra
ge

 L
en

gt
h 

(%
)

0 1 2 3 4 5
0

50

100

Initial Scale Estimate (σ’)%
 T

im
es

 B
ra

nc
hp

oi
nt

 C
ro

ss
ed

�/Z kQq a $eq z]PoW�\Qa�W�\Qi]afTXW�\Qi�W�UVi)iQPHueZ WKTVZ [>\Qa�[�^�TVOQP�aVZ SBz][>\8TVPs{�W�UV` [mjhPoW�aVbQUVP_a�^ [>U�TVOQP � 
 �+$mZ jEW�k>P � �/Z kQq �����Xq



� �

0 1 2 3 4 5
0

1

2

3

4

Initial Scale Estimate (σ’)

A
ve

ra
ge

 E
rr

or
 (

vo
xe

ls
)

Default      
Dynamic−Scale

0 1 2 3 4 5
0

5

10

15

Initial Scale Estimate (σ’)

M
ax

im
um

 E
rr

or
 (

vo
xe

ls
)

0 1 2 3 4 5
0

50

100

Initial Scale Estimate (σ’)

%
 P

oi
nt

s 
W

ith
in

 0
.5

 V
ox

el

0 1 2 3 4 5
0

50

100

Initial Scale Estimate (σ’)

%
 W

ith
in

 1
.0

 V
ox

el

0 1 2 3 4 5
0

50

100

Initial Scale Estimate (σ’)

A
ve

ra
ge

 L
en

gt
h 

(%
)

0 1 2 3 4 5
0

50

100

Initial Scale Estimate (σ’)%
 T

im
es

 B
ra

nc
hp

oi
nt

 C
ro

ss
ed

�/Z kQq a|a q z]PoW�\Qa�W�\Qi)afTXW�\Qi�W�UVi]iQPHueZ WKTVZ [>\Qa�[�^/TVOQPRaVZ SBz][>\8TVPm{�W�UV` [mjhPoW�aVbQUVP_a�^ [>U�TVOQP � 

	�$�Z jEW�k>P � �/Z kQq �8{��Xq

¶·£`Ç{°�£`®iÅ¸£Ñ¼ § ¶·£`Ç{°�£`®iÅ¸£Ñ¼ § Ê §�Ç{°�£`®iÅ¸£Ñ¼ § Ê §�Ç{°�£`®iÅ¸£Ñ¼ § Ê §�Ç{°�£`®iÅ¸£u¼ §
' ª�Îi£o°�®±¾i£ �µ°�°�ºi° Ä ®��½¼ ¹�Ë¦¹ �µ°�°�ºi° ��­�¼ ¢�¥¦¼ §IÞ¦© ÂxÎiº��½£o¬ ��­�¼ ¢�¥¦¼ § Ãi© Þ�Îiº��½£o¬ � È1£o§¦¾±¢�¥
Ó±Þ Þ¦© Ã`ÞiÔiØ Õ Þ¦© ÞgÁwÞOÂ�� ß�© ß½ÁiÁ�� Ø¦© àgÁgÃ ÃwÁg© àgÁ��
ßOÞ Þ¦© ÃiÃ`Øià Õ Þ¦© ÞiÞ±ß ��� Ø¦© Ó±Øià Ø¦© Ã`àOÓ�� ÃwÁg© Ô"�ià��
àiÞ Õ Þ¦© Ó½Ã`à±ß Õ�Ãi© ÁwÔ±ßOà �¦© �"�iÔ ß�© �OÂ½Ã�� ÃMÂ½© Â±Ô"���

N���� �
� vfv

����� �������	��
��	�
� ����
 �"��� ����� � ��� 
 � ��� ��� � � � ��
 ����
��	� � ��
 ��� A8.�.1;<(:Hj.5*�(:& ��� M�� .�CF, 25, *�(#91E�J B5(:&1C�, 91H1, 68?:25(72541?:2�2541(7H5G�91?�J , 68egCI68?1;<(

(:9141?19�68(8J (:912)C�, J A:&).5*�(:H�(+>�25&)?16825, .19@?16568E1&)?16:G^M %�9��U, 91H1, 68?:25(8C�2541(#6841?19�D�(3-K?�CPCF2�?:25, CF25, 68?1;<;FGjCF, D�91, 0+, 68?19127-P, 254������ ��QFM T���Y)M Y)_:M

¼ ¹]¤¦°�ºwÎi£`²l¤�£o°¸»âºi°�¹B®±§�Ç{£�®w¢b£oÎi£o°�«�§¦ºi¼ÌÅ¸£�¬ £oÎi£o¬e© Ü ¥¦£·ºi§¦£�£��¦Ç{£o¤½¢�¼ ºi§B¼ÌÅb®w¢ ' � àiÞ &±¢�¥¦£Ñ®MÎi£o°�®±¾i£;£o°�°�ºi°µ¼ §�Ç{°�£`®iÅ¸£`²lÉ¦Ë½¢b¢�¥�®w¢b¼ §�Ç{°�£`®iÅ¸£
­¯®iÅx§¦º±¢]ÅÏ¢�®w¢�¼ÌÅÏ¢�¼ÌÇo®±¬ ¬ «�Å¸¼ ¾i§¦¼ 
�Ço®±§O¢`© Ü ¥¦°�£o£i³
¢�¥¦£}²½«g§�®±¹]¼ÌÇ|Õ Å�Ço®±¬ £s¹]£{¢�¥¦º½²C²½¼Ì² ¤¦°�º½²½Ë�Ç{£s¥¦¼ ¾i¥¦£o°l¹B®��½¼ ¹�Ë¦¹ £o°�°�ºi°�Åo© Ü ¥¦¼ÌÅx¼ÌÅ�§¦º±¢
Å¸Ë¦°�¤¦°�¼ÌÅ¸¼ §¦¾�©
Ê�¢;¼ÌÅµ²½Ë¦£�¢�º�¢�¥¦£·®i²¦²½¼ ¢�¼ ºi§�®±¬¦¤¦¬ ¼Ì®±É¦¼ ¬ ¼ ¢Ï«l¤¦°�ºwÎg¼Ì²½£`²lÉg«lÅ¸£`®±°�Ç�¥¦¼ §¦¾Ñ»âºi°;®±§]ºi¤½¢�¼ ¹B®±¬�Å�Ço®±¬ £�®±§�²]²½Ë¦£�¢�º�¢�¥¦£�Ë�Å¸£�º±»�°�£`Ç{ºwÎi£o°�«
¥¦£oË¦°�¼ÌÅÏ¢�¼ÌÇoÅ�¢�¥�®w¢�¼ §�Ç{°�£`®iÅ¸£]¢�¥¦£8¬ ¼ Ýi£o¬ ¼ ¥¦ºgº½²�º±»¯¢�®±Ýg¼ §¦¾�®}»[®±¬ÌÅ¸£8ÅÏ¢�£o¤Cºi§�Ç{£s®�¢�°�®MÎi£o°�Å�®±¬W¹]¼ÌÅÏ¢�®±Ýi£o§¦¬ «�¾iºg£`Å�ºiË½¢�Å¸¼Ì²½£sº±»·®}¢�Ë¦É�£i© Ü ¥¦£
¼ §�Ç{°�£`®iÅ¸£�¼ §5¹B®��½¼ ¹�Ë¦¹�£o°�°�ºi°`³½¥¦ºw­;£oÎi£o°`³½¼ÌÅ�£��g¢�°�£o¹]£o¬ «}Å¸¹B®±¬ ¬�Õ;­�¥¦£o§IÅÏ¢�®w¢�¼ÌÅÏ¢�¼ÌÇo®±¬ ¬ «}Å¸¼ ¾i§¦¼ 
�Ço®±§O¢`³½¢�¥¦£x¼ §�Ç{°�£`®iÅ¸£�¼ §�¹B®��½¼ ¹�Ë¦¹#£o°�°�ºi°
¼ÌÅ�¬ £`Å�Å;¢�¥�®±§�Þ¦© ÞgÁgÃi©
Ä ºOÅÏ¢xÅ¸Ë¦°�¤¦°�¼ÌÅ¸¼ §¦¾}®±É�ºiË½¢Ñ¢�¥¦£`Å¸£]°�£`Å¸Ë¦¬ ¢�ÅÑ¼ÌÅÑ¢�¥¦£BÅ¸Ë�ÇoÇ{£`Å�ÅÑº±»b°�¼Ì²½¾i£�¢�°�®MÎi£o°�Å�®±¬
ºi§I¢�¥¦£]£��g¢�°�®iÇ|¢�¼ ºi§�º±»¯®s¢�Ë¦É�£l»â°�ºi¹ ¢�¥¦£]£��g¢�°�£o¹]£o¬ «
§¦ºi¼ÌÅ¸« ' � àiÞ ²¦®w¢�®¦© ª�Îi£o°�®±¾i£5Ç{£o§O¢�£o°�¬ ¼ §¦£I¤�ºi¼ §O¢8£o°�°�ºi°s­¯®iÅs®±É�ºiË½¢8ºi§¦£IÎiº��½£o¬�­�¼ ¢�¥~®±¤¦¤¦°�º��½¼ ¹B®w¢�£o¬ «&ÁwÞ	�*º±»u¢�¥¦£�£��g¢�°�®iÇ|¢�£`²



�|�

�/Z kQq a¸m q �����	��
7� aV` Z Y_Ph[�^�TVOQP � 

	�$6i�WKTXW6Z asaVOQ[og�\�q3N�OQPhTVbQcMPBZ as\Q[�T�W�lQlMPoW�UXW�\8Toq � � ����� ��
]W]UXW�\QiQ[>jh` n3YXOQ[>aVP_\|iene\�W�jhZ YHt�aVYoW�` PBz][>\8TVP){�W�UV` [
PHS�TVUXW�YHTVZ [>\�iQZ i3PHS�TVUXW�YHTRTVOQPmTVbQcMP�l�W�aVaVZ \QkETVOQUVb6TVOQPmaV` Z Y_P��]Z TVa�Z \8TVP_UVaVP_YHTVZ [>\3g�Z TVO6TVOQP�aV` Z Y_PmZ a�[ou8P_UV` W�Z i�q ��� ������
sN�OQP�PHS�TVUXW�YHTVP_i3TVbQcMP�Z a�aVOQ[og�\
g�Z TVO�UVP_aVlMP_YHT�TV[)TVOQPhZ iQPoW�`"TVbQcMP � aVOQ[og�\.Z \3g�Z UVPH^ UXW�jhP ��TV[]Z ` ` bQafTVUXWKTVPm` [�YoWKTVZ [>\QamW�\Qi.UVP_` WKTVZ u8P�jEW�k>\QZ TVbQUVP�[�^�P_UVUV[>UVaRUVP_lM[>UfTVP_i�qEN�OQZ aRTVbQcMPhPHu8P_\
l�W�aVaVP_iBTVOQP�cQUXW�\QYXO)lM[>Z \8Toq;N�OQZ a�PHS�TVUXW�YHTVZ [>\
	 a�jEWKSEP_UVUV[>U�g�W�a a q � u8[oSeP_`/WKT�TVOQPR` [og�P_U�Y_bQUfu8P>q

´�� � � Ö © ×�»âºi° ´�� � � Ö © ×x»âºi° ´�� � � Ö © ×�»âºi° ´�� � � Ö © ×�»âºi° ´�� � � Ö © ×�»âºi°Ä £{¢�¥¦º½² ª�Îi£o°�®±¾i£ �µ°�°�ºi° Ä ®��½¼ ¹�Ë¦¹ �µ°�°�ºi° ��­�¼ ¢�¥¦¼ §5Þ¦© Â�Îiº��½£o¬ ��­�¼ ¢�¥¦¼ § Ãi© Þ�Îiº��½£o¬ � È1£o§¦¾±¢�¥
¶·£{»[®±Ë¦¬ ¢ Þ¦© ÞiÞiØgÁ � Ãi© ÁM£{Õ�Ã�� � Þ¦© ÞgÁwÞiØ Þ¦© ÞiÞOÓiÂ�� Ãi© Ão£{Õ Þià��
�µ§¦¥�®±§�Ç{£`² Þ¦© Ã`Þ¦Ã`Ø Þ¦© ÞgÁMß � Þ¦© ÃiÃ`Þ±ß Þ¦© Þ"�iÔgÁ Þ¦© ÞiàgÁiÁ

N���� �
�+vfvfv

� ����� � � ��� �����	����� ��
���� � � � ��� � � �	� ����� �	��� ��� � � �
�	� ��
 � � ����
��	� � ��� �������	��
��	�
� ����
 �"� ��� �(��� � ����
 ��� 
 � ���	� � ����� � �������
	 .1&@(:?1684�, J A:;<, J (:912�?:25, .19

2541(�CF, D�91, 0+, 68?19�68(7.10=2541(#6841?19�D�(=, 9@A:(:&)0+.1&1J ?19�68(=B5(:28-P(:(:9 ��� 
 m�� ��� 
 a ?191H@B5(:28-P(:(:9 ��� 
 � � ����
 m 0+.1&�?1;<; � MK%�9��U, 91H1, 68?:25(8C
?@CF2�?:25, CF25, 68?1;<;FGRCF, D�91, 0+, 68?1912#(:0+0+(8682#-P, 254������ ��QFM T���Y)M Y)_:M�
�?�CF(#.10=?)E12).�J ?:25, .19�, C�, 91H1, 68?:25(:H@, 07J (:?�CFE1&)(8C�?1&)(79�.12�CF2�?:25, CF25, 68?1;<;FG

CF, D�91, 0+, 68?19125;FG@H1(:A:(:91H1(:912@.19 ��� M

Ç{£o§O¢�£o°�¬ ¼ §¦£�¤�ºi¼ §O¢�Å·­�¼ ¢�¥¦¼ §�ºi§¦£�Îiº��½£o¬
º±»W¢�¥¦£l¼Ì²½£`®±¬QÇ{£o§O¢�£o°�¬ ¼ §¦£i© Ü ¥¦£lÉ¦°�®±§�Ç�¥5¤�ºi¼ §O¢u­¯®iÅ�¤�®iÅ�Å¸£`²�¬ £`Å�Å�¢�¥�®±§�¥�®±¬ »µº±»W¢�¥¦£�¢�¼ ¹]£i³�É¦Ë½¢
¹]ºOÅÏ¢¯£��g¢�°�®iÇ|¢�¼ ºi§�ÅbÇ{ºwÎi£o°�£`²l¢�¥¦£·»âË¦¬ ¬�£��g¢�£o§O¢¯º±»1¢�¥¦£ÑÉ¦°�®±§�Ç�¥sË¦¤�ºi§8­�¥¦¼ÌÇ�¥B¢�¥¦£o«]»â£o¬ ¬e©µª�§8£��¦®±¹]¤¦¬ £Ñ£��g¢�°�®iÇ|¢�¼ ºi§B¼ÌÅ¯Å¸¥¦ºw­�§s¼ §}Æ
¼ ¾�©¯ÃMÓ½©
¶�© Ó�¶·¼ÌÅ�Ç{Ë�Å�Å¸¼ ºi§}º±»Qª�Ë½¢�ºi¹B®w¢�¼ ºi§
Ü ¥¦£o°�£l®±°�£u¢Ï­;ºs¹]£`®iÅ¸Ë¦°�£`Å�º±»b®±Ë½¢�ºi¹B®w¢�¼ ºi§ ' ¢�¥¦£l¤�£o°�Ç{£o§O¢·º±»W¢�¼ ¹]£`Å�¢�¥¦£lÉ¦°�®±§�Ç�¥¦¤�ºi¼ §O¢·¼ÌÅ·Ç{°�ºOÅ�Å¸£`²5®±§�²}¢�¥¦£]²½£o¤�£o§�²½£o§�Ç{£�º±»µ£`®iÇ�¥
¹]£{¢�¥¦º½²]ºi§ ���e© Ü ¥¦£�§gË¦¹�É�£o°µº±»�É¦°�®±§�Ç�¥¦¤�ºi¼ §O¢µÇ{°�ºOÅ�Å¸¼ §¦¾OÅ
¤�£o°µ¹]£{¢�¥¦º½²l¼ÌÅµ²½£{¢�®±¼ ¬ £`²l¼ §l¢�¥¦£ 
�¾iË¦°�£`Åo© Ü ¥¦£ Ä ºi§O¢�£Ñ¿;®±°�¬ ºÑ£��½¤�£o°�¼ ¹]£o§O¢�Å
®±¬ÌÅ¸º5£o§�®±É¦¬ £`²�Ë�Å�¢�º5¢�£`ÅÏ¢x¢�¥¦£}Ð�Ë¦¬ ¬¯Ò�«g¤�º±¢�¥¦£`Å¸¼ÌÅ�¢�¥�®w¢x¢�¥¦£o°�£s¼ÌÅx§¦º�²½¼ ��£o°�£o§�Ç{£sÉ�£{¢Ï­;£o£o§�¢�¥¦£s¹]£`®iÅ¸Ë¦°�£`²�¹]£`®±§�Å�º±»�£`®iÇ�¥ ¹]£{¢�¥¦º½²
»âºi°�²½¼ ��£o°�£o§O¢����µÎw®±¬ Ë¦£`Å Ö Îw®±°�¼Ì®±§�Ç{£]¤�ºgºi¬ £`²�®iÇ{°�ºOÅ�Å
���b®±§�²ã¼ ¹B®±¾i£]§¦ºi¼ÌÅ¸£M×|©}È1£oÎi£o¬ÌÅuº±»�Å¸¼ ¾i§¦¼ 
�Ço®±§�Ç{£B®±§�²ã¤�ºw­;£o°�­;£o°�£sÇo®±¬ÌÇ{Ë¦¬Ì®w¢�£`²�©
¡g¼ ¾i§¦¼ 
�Ço®±§�Ç{£uº±»WÇ�¥�®±§¦¾i¼ §¦¾ ����»âºi°�£`®iÇ�¥}¹]£`®iÅ¸Ë¦°�£u¼ÌÅ¯°�£o¤�ºi°¸¢�£`²8¼ § Ü ®±É¦¬ £uÊ¸Ê¸Ê|©
Ü ¥¦£¯°�£`Å¸Ë¦¬ ¢�ÅQ®±°�£¯Ç{ºi§�Ç{¬ Ë�Å¸¼ Îi£ ' ¢�¥¦£�²½«g§�®±¹]¼ÌÇ|Õ Å�Ço®±¬ £b£o§¦¥�®±§�Ç{£o¹]£o§O¢�Å
»[®iÇ{¼ ¬ ¼ ¢�®w¢�£;¢�¥¦£�®±Ë½¢�ºi¹B®w¢�¼ ºi§�º±»�Ç{£o§O¢�£o°�¬ ¼ §¦£;£��g¢�°�®iÇ|¢�¼ ºi§�Îg¼Ì®·°�¼Ì²½¾i£
¢�°�®MÎi£o°�Å�®±¬e©sÐ�£`®±°�¬ «�ÔiÞ	� º±»;¢�¥¦£B¢�¼ ¹]£]»âºi°�¢�¥¦£ ' � Ó±Þ�²¦®w¢�®5®±§�²ãºwÎi£o°�Â±Þ	� º±»;¢�¥¦£B¢�¼ ¹]£]»âºi°�¢�¥¦£ ' � ßOÞ�²¦®w¢�®¦³
¢�¥¦£Bºi¤½¢�¼ ¹B®±¬ ¬ «
²½¼ �sÇ{Ë¦¬ ¢xÉ¦°�®±§�Ç�¥�¤�ºi¼ §O¢�¼ÌÅ�Ç{°�ºOÅ�Å¸£`²�© Ä ºi°�£l¼ ¹]¤�ºi°¸¢�®±§O¢�¬ «i³�¢�¥¦£s²½£{»[®±Ë¦¬ ¢�¼ ¹]¤¦¬ ¼ ¹]£o§O¢�®w¢�¼ ºi§�¼ÌÅ�ÅÏ¢�®w¢�¼ÌÅÏ¢�¼ÌÇo®±¬ ¬ «IÅ¸¼ ¾i§¦¼ 
�Ço®±§O¢�¬ «I²½£o¤�£o§�²½£o§O¢
ºi§8¢�¥¦£�Å¸£o£`²}Å�Ço®±¬ £·»âºi°¯§¦£`®±°�¬ «B£oÎi£o°�«B¹]£`®iÅ¸Ë¦°�£·º±»
¤�£o°¸»âºi°�¹B®±§�Ç{£i³½®±§�²s¢�¥¦£�²½«g§�®±¹]¼ÌÇ|Õ Å�Ço®±¬ £Ñ¹]£{¢�¥¦º½²}²½£o¹]ºi§�ÅÏ¢�°�®w¢�£`Å;§¦ºBÅÏ¢�®w¢�¼ÌÅÏ¢�¼ÌÇo®±¬ ¬ «
Å¸¼ ¾i§¦¼ 
�Ço®±§O¢�¤�£o°¸»âºi°�¹B®±§�Ç{£]²½£o¤�£o§�²½£o§�Ç{£Bºi§�¢�¥¦£sÅ¸£o£`²gÕ Å�Ço®±¬ £i© Ü ¥¦£BÅÏ¢�°�£o§¦¾±¢�¥ãº±»b¢�¥¦¼ÌÅxÇ{ºi§�Ç{¬ Ë�Å¸¼ ºi§ã¼ÌÅuºiÉgÎg¼ ºiË�Å·»â°�ºi¹ ¢�¥¦£B§¦£`®±°�¬ « ��®w¢



�K�

Tube
of

Interest

�/Z kQq a�� q r \QP�aV` Z Y_P�[�^*TVOQP�z6�O� Z jEW�k>P�Y_[>\8TXW�Z \QZ \QkmTVOQP�u8P_aVaVP_` t�[�^ t�Z \8TVP_UVP_afToq"N�OQP�u8P_aVaVP_`�l�W�aVaVP_a�cQUXW�\QYXO)lM[>Z \8TVaoy�W�\QiBZ TVa�g�Z ieTVOBZ a�\QPoW�U�TVOQPRZ \Q\QP_U�aVYoW�` P
[�^�TVOQP�i�WKTXWeq

®±¤¦¤�£`®±°�®±§�Ç{£Ñº±»
¢�¥¦£x²½«g§�®±¹]¼ÌÇ|Õ Å�Ço®±¬ £Ñ¹]£{¢�¥¦º½²�� Å�¤�£o°¸»âºi°�¹B®±§�Ç{£Ñ¼ §}¢�¥¦£!
�¾iË¦°�£`Åo©
¿b¬ £`®±°�¬ «i³g®±¬ ¬�º±»�¢�¥¦£uÅ¸¼ ¹�Ë¦¬Ì®w¢�£`²8²¦®w¢�®x£��½¤�£o°�¼ ¹]£o§O¢�Å;Å¸Ë¦¤¦¤�ºi°¸¢b¢�¥¦£ÑË�Å¸£Ñº±»�¢�¥¦£u²½«g§�®±¹]¼ÌÇ|Õ Å�Ço®±¬ £·¼ ¹]¤¦¬ ¼ ¹]£o§O¢�®w¢�¼ ºi§1© Ü ¥¦£Ñ§¦£��g¢¯Å¸£`Ç|¢�¼ ºi§
Îi£o°�¼ 
�£`Å;¢�¥�®w¢�²½«g§�®±¹]¼ÌÇ|Õ Å�Ço®±¬ £u¹]£{¢�¥¦º½²}¼ÌÅ�®±¬ÌÅ¸ºB®±¤¦¤¦¬ ¼ÌÇo®±É¦¬ £Ñ¢�ºBÇ{¬ ¼ §¦¼ÌÇo®±¬
²¦®w¢�®¦©
� ��� �w��� �nmµ�w�|� � ���|���{�|� �B�{��� Û �|���
l � k � �l�w� �
ª·Å�®	
�§�®±¬1£oÎw®±¬ Ë�®w¢�¼ ºi§8º±»
¢�¥¦£x²½«g§�®±¹]¼ÌÇ|Õ Å�Ço®±¬ £Ñ¼ ¹]¤¦¬ £o¹]£o§O¢�®w¢�¼ ºi§1³½­;£u¤�£o°¸»âºi°�¹]£`²}® Ä ºi§O¢�£�¿;®±°�¬ º]®±§�®±¬ «½Å¸¼ÌÅ;Ë�Å¸¼ §¦¾]Ç{¬ ¼ §¦¼ÌÇo®±¬ Ä ¨�ª
²¦®w¢�®¦© Ü ¥¦¼ÌÅW£��½¤�£o°�¼ ¹]£o§O¢W¼ ¬ ¬ Ë�ÅÏ¢�°�®w¢�£`Å
¢�¥¦£�Ç{ºi§�Å¸¼ÌÅÏ¢�£o§�Ç{«xº±»�¢�¥¦£�£��g¢�°�®iÇ|¢�¼ ºi§�Å Ö ¢�°�Ë½¢�¥]¼ÌÅW§¦º±¢µÝg§¦ºw­�§�×|©Q¡g¤�£`Ç{¼ 
�Ço®±¬ ¬ «i³O®uÅ¸¼ §¦¾i¬ £�Îi£`Å�Å¸£o¬ Ö Å¸£o£
Æ
¼ ¾�©�Ã��O×b­¯®iÅ¯£��g¢�°�®iÇ|¢�£`²8Ë�Å¸¼ §¦¾s®l¹B®±§gË�®±¬ ¬ «8Ç�¥¦ºOÅ¸£o§ 	���­�¼ ¢�¥���� � Ãi© Þ¦© Í Å¸¼ §¦¾]¢�¥�®w¢�°�£o¤¦°�£`Å¸£o§O¢�®w¢�¼ ºi§1³�Ã`ÞiÞ�°�®±§�²½ºi¹�ÅÏ¢�®±°¸¢�¼ §¦¾]¤�ºi¼ §O¢�Å
­;£o°�£uÇ�¥¦ºOÅ¸£o§8®±¬ ºi§¦¾l®]Ó±ÞxÎiº��½£o¬�£��g¢�£o§O¢�º±»1¢�¥�®w¢¯¢�Ë¦É�£�®±§�²s­�¼ ¢�¥¦¼ §8¢Ï­�¼ÌÇ{£Ñ¼ ¢�Å¯°�®i²½¼ Ë�Åo©Qª;¢�£`®iÇ�¥}ÅÏ¢�®±°¸¢�¼ §¦¾�¤�ºi¼ §O¢`³g¢�¥¦£u£��g¢�°�®iÇ|¢�¼ ºi§s­¯®iÅ
°�£o¤�£`®w¢�£`²�­�¼ ¢�¥5¢�¥¦°�£o£�²½¼ ��£o°�£o§O¢ ���
Îw®±¬ Ë¦£`Åo³�¼e© £i© ³ ��� � Ãi³�Ó½³�®±§�² �¦© Ü ¥¦£*��³ «�Ç{ºgºi°�²½¼ §�®w¢�£`Å�º±»Q¢�¥¦ºOÅ¸£ �iÞiÞ]£��g¢�°�®iÇ|¢�¼ ºi§�Å�®±°�£xÅ¸¥¦ºw­�§5¼ §
Æ
¼ ¾�©�Ãoß�©
Ü ¥¦£�²½«g§�®±¹]¼ÌÇ|Õ Å�Ço®±¬ £u¼ ¹]¤¦¬ £o¹]£o§O¢�®w¢�¼ ºi§5¤�£o°¸»âºi°�¹]£`²}£��g¢�°�£o¹]£o¬ «8­;£o¬ ¬1ºi§�¢�¥¦¼ÌÅ�¢�£`ÅÏ¢ÑÇo®iÅ¸£i© Ü ¥¦£�¹B®��½¼ ¹�Ë¦¹ ²½¼ÌÅÏ¢�®±§�Ç{£�É�£{¢Ï­;£o£o§I®±§g«
¢Ï­;º5Ç{¬ ºOÅ¸£`ÅÏ¢u¤�ºi¼ §O¢�Åuºi§�®±§g«5¢Ï­;º�º±»b¢�¥¦£��iÞiÞs£��g¢�°�®iÇ|¢�¼ ºi§�ÅÑ­¯®iÅ�Þ¦© ÃlÎiº��½£o¬e©]ª;¢u¢�¼ ¹]£`Åo³
É¦°�®±§�Ç�¥¦£`ÅÑ­;£o°�£]£��g¢�°�®iÇ|¢�£`²I¼ §�ÅÏ¢�£`®i²�º±»;¢�¥¦£
ºi°�¼ ¾i¼ §�®±¬�Ç{£o§O¢�£o°�¬ ¼ §¦£i© Ü ¥�®w¢�¼ÌÅ�§¦º±¢�®�»[®±¼ ¬ ¼ §¦¾]º±»
¢�¥¦£u£��g¢�°�®iÇ|¢�¼ ºi§}¤¦°�º½Ç{£`Å�Åo³O¢�¥¦£xÅÏ¢�®±°¸¢�¼ §¦¾l¤�ºi¼ §O¢�Å¯­¯®±°�°�®±§O¢�£`²]¢�¥¦£�£��g¢�°�®iÇ|¢�¼ ºi§8º±»
¢�¥¦ºOÅ¸£
É¦°�®±§�Ç�¥¦£`Åo© Ü ¥¦ºOÅ¸£sÉ¦°�®±§�Ç�¥½Õ�£��g¢�°�®iÇ|¢�¼ ºi§�Å�­;£o°�£s§¦º±¢�»[®iÇ|¢�ºi°�£`²�¼ §O¢�ºIºiË¦°l£o°�°�ºi°x£`ÅÏ¢�¼ ¹B®w¢�£`Åo© Ü ¥¦£o« ²½º�³W¥¦ºw­;£oÎi£o°`³Q²½£o¹]ºi§�ÅÏ¢�°�®w¢�£B¢�¥¦£
£o§¦¥�®±§�Ç{£`²}¹]£{¢�¥¦º½²�� Å�®±É¦¼ ¬ ¼ ¢Ï«s¢�ºBÇ{°�ºOÅ�Å;É¦°�®±§�Ç�¥¦¤�ºi¼ §O¢�Å¯¼ §�°�£`®±¬ Õ�­;ºi°�¬Ì²s²¦®w¢�®¦©
� �!� �i��� �[���w�e�[�w�¦�
Ê §q¢�¥¦¼ÌÅsÅ¸£`Ç|¢�¼ ºi§q­;£�¤¦°�£`Å¸£o§O¢l¢�¥¦£5®±¤¦¤¦¬ ¼ÌÇo®w¢�¼ ºi§�º±»Ñ²½«g§�®±¹]¼ÌÇ|Õ Å�Ço®±¬ £�Ç{£o§O¢�£o°�¬ ¼ §¦£}¹]º½²½£o¬ ¼ §¦¾ã¢�º#
�Îi£5²½¼ ��£o°�£o§O¢sÅ¸£{¢�Ålº±»u²¦®w¢�®¦© � £
²½£o¹]ºi§�ÅÏ¢�°�®w¢�£Ñ¢�¥¦£u¹]º½²½£o¬ ¼ §¦¾]º±»Q¬ Ë¦§¦¾]Îi£`Å�Å¸£o¬e³g°�¼ É�Åo³¦®±§�²8É¦°�ºi§�Ç�¥¦¼�»â°�ºi¹#¿ Ü ²¦®w¢�® &g¢�¥¦£u¹]º½²½£o¬ ¼ §¦¾B®±§�²}°�£o¾i¼ÌÅÏ¢�°�®w¢�¼ ºi§sº±»
¼ §O¢�°�®iÇ{°�®±§¦¼Ì®±¬
Îw®iÅ�Ç{Ë¦¬Ì®±°u»â°�ºi¹(¢Ï­;º Ä ¨�ª�²¦®w¢�®IÅ¸£{¢�Å+&W®±§�²ã¹]º½²½£o¬ ¼ §¦¾IÎi£`Å�Å¸£o¬ÌÅuº±»;¢�¥¦£s¬ ¼ Îi£o°x¼ §�¿ Ü ®±§�²�Ë¦¬ ¢�°�®iÅ¸ºiË¦§�²�²¦®w¢�®¦© Ü ¥¦£s²½«g§�®±¹]¼ÌÇ|Õ Å�Ço®±¬ £
¹]£{¢�¥¦º½²]®±§�²�¼ ¢�ÅW¤�®±°�®±¹]£{¢�£o°�Åo³±®iÅQ¤¦°�£`Å¸£o§O¢�£`²�¼ §�¢�¥¦¼ÌÅW¤�®±¤�£o°`³±­;£o°�£¯§¦º±¢W¹]º½²½¼ 
�£`²�¢�ºu¤¦°�º½Ç{£`Å�ÅW®±§g«�º±»�¢�¥¦£`Å¸£�²¦®w¢�®¦© Ü Ë¦É�£�­�¼Ì²g¢�¥�ÅW­;£o°�£
£`ÅÏ¢�¼ ¹B®w¢�£`²�®iÅ·¢�¥¦£sÅ�Ço®±¬ £l¢�¥�®w¢�¤¦°�º½²½Ë�Ç{£`²�¢�¥¦£]¬ º½Ço®±¬W¹B®��½¼ ¹�Ë¦¹ º±»¯¹]£`²½¼Ì®±¬ §¦£`Å�Å Ö �báOË1©BÔO×Ñ®w¢�£oÎi£o°�«5¤�ºi¼ §O¢�®±¬ ºi§¦¾}£`®iÇ�¥ã£��g¢�°�®iÇ|¢�£`²



� �

148 150 152 154 156 158 160 162 164 166
160

165

170

175

180

185

X

Y

��� ��� �����:	81�� ������������
�2�� �0,��S������� �F$&��
������f�����J� ���F$�#D� ,5� ��,/$�� 
�
-2S���C$�,-��� ���������f$A@=
�����
��]� �4$������G	8�F$&�C$���
-��� �
���J�C$�������# �"�C$��"��� ���D1?��� �=���9$����'$&�
������
�
���� 	R
���
��=���	�]@�$�� ��
�� � �
� 
��F$����'���
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�N�OQP_aVP�TVbQcQbQ` W�U�jh[�iQP_` a;[�^�WR` bQ\Qk 	 a;UVZ cQaoy8cQUV[>\QYXOQZ�yQW�\Qi�u8P_aVaVP_` a;g�P_UVP�PHS�TVUXW�YHTVP_iE^ UV[>j�\Q[>\et�Y_[>\8TVUXW�afT�{�NRq:� Y_[>\Q\QP_YHTVP_i)Y_[>jhlM[>\QP_\8T
jh[�iQP_` [�^�TVOQP�` bQ\Qk�iQPH��\QP_iBTVOQPRUVP_k>Z [>\B[�^/Z \8TVP_UVP_afT�^ UV[>j g�OQZ YXO)` bQ\Qk�t�u8P_aVaVP_`�aVP_P_iet�lM[>Z \8TVa�g�P_UVPRW�beTV[>jEWKTVZ YoW�` ` nBaVP_` P_YHTVP_i)c8nhTVOQUVP_aVOQ[>` iQZ \Qk ����P_YHTVZ [>\
v���t���q a �Xq ����������� ������
6N�OQP_aVPBu8P_aVaVP_` amUVP_lQUVP_aVP_\8TXWKTVZ [>\Qa�g�P_UVP)W�beTV[>jEWKTVZ YoW�` ` n�k>P_\QP_UXWKTVP_i+^ UV[>j aVP_P_iet�lM[>Z \8TVa�g�Z TVOQZ \�aVP_jhZ t�W�beTV[>jEWKTVZ YoW�` ` n�iQPH��\QP_i
cQUXW�Z \�P_\8u8P_` [>lMP_a�Z \�lQUVP�W�\QihlM[>afTft�[>lMP_UXWKTVZ u8P�z6�O� i�WKTXWeq"N�OQP�z6�O� i�WKTXWRg�P_UVP�W�` Z k>\QP_ihc8n�jEWKTVYXOQZ \Qk�TVOQP�Y_P_\8TVP_UV` Z \QP_a�[�^ TVOQP�TVbQcMP_a�Z \h[>\QP�Z jEW�k>P
g�Z TVO�TVOQP�i�WKTXWsZ \�TVOQP�[�TVOQP_U�Z jEW�k>P>qa��[>\et�UVZ k>Z ihiQPH^ [>UVjEWKTVZ [>\Qa�\QPoW�U�TVOQP�aVbQUVk>Z YoW�` aVZ TVP�W�UVP�aVP_P_\BW�a�u8P_aVaVP_` jhZ aft�W�` Z k>\QjhP_\8TVa;W�a�Z \QiQZ YoWKTVP_iBc8nEW�UVUV[og�aoq
�����������(�������	��
���aVZ \Qk�W�UfTVP_UVZ W�` t�lQO�W�aVP�Y_[>\8TVUXW�afT�{�NRyeTVOQPR` Z u8P_U�aVbQUf^�W�Y_PRO�W�a�cMP_P_\)iQP_` Z \QPoWKTVP_i � aVOQ[og�\]W�a�iQ[�TVa ��W�\Qi)bQaVZ \QksTVO�WKT�iQP_` Z \QPoWKTVZ [>\�y�lM[>UfTXW�`
W�\Qi6OQP_l�WKTVZ Ymu8P_aVaVP_` a�O�W_u8PmcMP_P_\.W�beTV[>jEWKTVZ YoW�` ` n]PHS�TVUXW�YHTVP_i�q������������(����� ������
 ��� bQ` TVUXW�aV[>bQ\Qi3i�WKTXWE[�^�WE` Z u8P_U�g�W�a�Z \8u8P_UfTVP_i6TV[BjEW�p>P�TVOQPsu8P_aVaVP_` a
W�lQlMPoW�U�cQUVZ k>O8TVP_U�TVO�W�\BTVOQP�c�W�YXp�k>UV[>bQ\Qi6W�\QiBTVOQP_\]aVP_P_iet�lM[>Z \8TVa�g�P_UVP�jEW�\�b�W�` ` nEaVlMP_Y_Z ��P_i)TV[�k>P_\QP_UXWKTVPRTVOQZ a�ueZ aVb�W�` Z xoWKTVZ [>\�q
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