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hte0usr`cKegf\mMjquOfMp�|Tw!jRfMr`~�w-fMhtu�w-¯t¯t�Tjqe\htcK�¸w;u�w-¯¨ht�Rmyw-fMp�|7e\pOfMjK®¹r-k«e\ht°'fMpspOc7|Kht�!htfyw-¯
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fMoKp�±!²Ue\oFw!®�p,r!kqfMoKp,®�pOmMe\r!c#hte�|KpafMpOmM~	htcqp�|�jqe\htcq�«fMoqp,e\oFw!®�pa¬�k_mMr`~�¬�e\ht¯toqr`jKpOf\fMp
w-®q®KmMr`w!uyo´¶Kn�oqhte�~	r'|Rps¯Fhte�e\ps�!~	psczfMp�|	h¨czfMr�mMht�`h¨|(��r'|'�	®Fw�m\fMe�w!cq|�w0|R�Rcqw!~	htu
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w-¯¨ht¼sps|���r'|R�#fMps~	®q¯¨w-fMpµhte�pO°R®q¯tr`hifMp�|�fMr0psegfMht~�w-fMpµfMoqpx±-²½~	r-fMhtr`c(®Fw-myw-~	pOfMpOmMe
r-k,fMoqp0®�pOmMe\r!cThtc>w-mM�Khtf\myw�m\�5®�r`e\pses¶I��e\h¨cK�(fMoKp@eMw-~	p#u�w-~	pOmyw	e\pOfMjq®Tw!cq|¾fMoqp
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Á oKh¨uyo	fMoqpµ~	r��`w-�q¯tp���r'|R��fMpO~	®q¯¨w-fMp«hte�·Kf�¶z��e\htcq�0w�~	r'|Khi·qp�|�b\Â�Ãw-¯¨�!r!mMhifMoq~
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uyoFw-h¨cKe�r!k�fMoqp;��r'|R�³~	r'|Kps¯Ä¶�n�oqp¾mMpOe\jq¯ifMhtcq�e\p�ÀzjqpOcqusp¾r-k�~	r!fMhtr!cU®Fw�myw!~	pO¬
fMpOmMe�kPr!mµfMoqp�w-m\fMhtusjK¯¨w-fMp�|;��r'|'�;~	r'|Rps¯^u�w!c;��p�jqe\p�|�kPr!m��`psegfMjRmMpxmMpsusr!�`cqhifMhtr`cI�
usr!czf\mMr`¯©r-k¢�'him\fMjFw!¯IuyoFw-myw-uOfMpOmMe«r!m«mMr!��r!fµ~�w!cKh¨®Kjq¯¨w-fMr-mMes¶

Å ÆqÇµÈ�É^Ê�Ë@Ì0Í©È^ÎMÊµÇ

Ï QÑÐOE!Ò-E-QqL@LON_Ó¾E¾E-Ó¾Ô^Õ´HRJaNPJ#ÕIHKJ@G©E-E!QÑÔIÖ�L	×RQÑLaÕ^E¾E�ØFLOÐOHKÒ�LaNP×RQ³×'Ù�ÕFÖ^Ó¸HRQ³G©×FW^Ú³JyÕ´H'Ô©E
H'QIW	Ó¾×RLaNP×RQ	ÔIHRÐOHRÓ;E-LaE!ÐOJªÙ¿ÐO×RÓÜÛFN}W�E-×qJyE`ÝKÖIE-QIÒ-E!J!Y-Þ�Ô^ÔIß_N}Ò-H'LaNP×RQ(HRÐaE`HRJ�HRÔ^Ô´E`H'Ð�N_Q	LOÕ^Exàxá
H'QIWUâIßPÓãÔ^ÐO×FW^ÖIÒ�LON_×KQUä�ÕIE-ÐOE5ÛFN_ÐaLaÖIHRß�HKÒ�La×KÐOJ�Õ´H�ÛRE¾La×³G´E>LOH'ÖIåRÕqL�La×³E�Ø�Õ^NPG^N¨L�ÕqÖIÓ¾HRQ
G´E!ÕIH�ÛFN_×KÖ^Ð�ßPN_VKE5ÕFÖ^Ó¸H'QæÙ�HRÒ-NPHRßµE-ØFÔIÐaE`JaJaN_×KQIJ�HRQIWæÕFÖ^Ó¸H'QçåRE`JMLOÖ^ÐOE!J!Y�Þ�Q^×RLaÕ^E!Ð�HRÐaE`H7×'Ù
H'Ô^Ô^ßPN}Ò-HzLON_×KQ�N}J5LOÕ^EÑÒ-×RQqLaÐO×Rß@×'Ù�ÐOE-Ó¾×'LOEÑJaÚFJyLaE!Ó¸J¸Ù¿ÐO×RÓèLaÕ^EUÔIHKJaJaN_ÛKE×RGIJaE-ÐOÛzHzLON_×KQé×'Ù
G´×�W�Ú½Ó;×RLaNP×RQIJ!Y�[�Ø^H'Ó¾Ô^ßPE!J¸HRÐaE¹ÐOE-Ó¾×'LOE¹Ò-×RQqLaÐO×Rßx×'Ù	H�ÛzHzLsH'ÐsJ(NPQ½Ó�Ö^ß_LaN_ZdÔ^ß}H�ÚRE!Ð¾åKH'Ó¾E`J
×RÐ¾LaÕIEÐaE!Ó;×RLaEÒ�×KQqLaÐO×Rßx×'Ù�Ða×KG´×RLOJ¾ä�Õ^N}ÒsÕêÓ¾H�Ú½HRÒ�L5NPQëÕIH'ì`H'ÐsW�E-×KÖIJ;H'QIWëW^HRQ^åRE!Ða×KÖIJ
E-QFÛFN_ÐO×RQ^Ó¾E!QKLsJ-Y�àxÕ^E�Ò�ÐOE!H'LaNP×RQT×'Ù�LOÕ^×KJaE�Ó;×�W�E!ßPJxÒ-×RQIJaNPJyLOJ�Ó¸H'NPQ^ßPÚ5×'Ù�LMä�×;ÔIH'ÐaLOJ!íqâIÐsJMLOß_Ú
LaÕ^EîE-ØFLaÐsHRÒ�LON_×KQë×'Ù�LaÕ^EÑJyÕIHRÔ´EÑH'QIWêLOE�ØFLaÖ^ÐOE×'Ù�LOÕ^E³ÐOE!HRß�Ô´E!ÐOJa×RQéHRQIWëJyE`Ò�×RQ´W�ß_Ú½LaÕIE
H'Ö�LO×RÓ¸HzLONPÒîHKW^H'Ô^LOHzLON_×KQïH'Q´Wêâ^LyLON_Q^åê×'Ù(HRQ�NPQKLOE-ÐON_×KÐ>JaVRE-ßPE�LO×RQ�JyLaÐOÖIÒ�LOÖ^ÐOEîLa×½E�ØFLaÐsHRÒ�L
Ó;×RLaNP×RQ�Y
Ï QLaÕ^N}J#ÔIH'Ô©E-Ð	HRQ³H'Ô^ÔIÐa×qHRÒsÕ7Ù¿×RÐ#Ó¾×'LON_×KQîE!JyLaNPÓ¸HzLaNP×RQÑÖIJaN_Q^å¹H5Õ^NPE-ÐsH'ÐsÒsÕ^N}Ò Ï X�ðñH'ß_Z

åR×RÐON_LaÕ^ÓòNPJ0Ô^ÐaE`JyE!QqLaE!W�YIàxÕ^N}J�N}J�NPß_ßPÖIJyLaÐsHzLaE`W7N_Qîó,NPåIY�ôRYIóIÐa×KÓ:H¾ÐOE!HRß�Ô´E!ÐOJa×RQHRQN_Q^N_LaN}H'ß



arbitrary pose
3D pointcloud of Set of 3D motion

parameters

Initial 3D model Skeleton

Movable 3D template

using hierarchic ICP

Motion estimation
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	���pOmM�'htp Á kPr!m�~	r'|Kps¯^�Fw-e\p�|¾±-²ëpsegfMht~�w-fMhtr`c;r!k�w-mM�Khif\myw-m\��oRjK~�w!c�®�r`e\pOe

�� JaÖ^ÐyÙ�HKÒ�E;Ó¾×FW^E-ß�N}J@×KG�LOHRN_QIE!W¢Y�àxÕ^E¾Ó¾×'LON_×KQ³×RÙµLaÕIE;Ô©E-ÐsJa×RQÑHRQIWîN_LOJ�Ó¾×�W�E!ß«Ò-H'QUG©E
W�E!JOÒ�ÐON_G©E!WÑGFÚ7LaÕ^E¸Ó¾×RLaNP×RQ³×RÙ�H¹JyVKE-ßPE�LO×RQ��ªä�Õ^N}ÒsÕÑN}J#â^LaLaE!WÑLO×¹HRQIWÑÒ-×RQ^QIE!Ò�LOE!W³La×¹LaÕIE
Ó;×�W�E!ß�JyÖ^ÐaÙ�HRÒ-ERY,SéÕ^E-QêH'Q HRÐaGIN¨LOÐOHRÐaÚÑÔ´×qJyE¹×'Ù�LOÕ^E¹JOH'Ó¾ETÔ´E!ÐOJa×RQ ÐOE-ÔIÐaE`JyE!QKLOE!WçHRåKH'NPQ
HRJ0JaÖ^ÐaÙ�HRÒ-E�Ó¾×FW^E-ß�N}J@×RG�LsH'NPQ^E!W¹LOÕ^E(ÔIHRÐOHRÓ¾E�LaE!ÐOJ�×'Ù�LaÕ^N}J@Ô´×qJyE(Ò!H'QîG©E�W^E�LaE!ÐaÓ¾NPQ^E!W7GFÚ
H>Ó¾×�W�E-ß�GIHKJyE`WîH'ÔIÔ^Ða×qHRÒsÕ�YªÞ0J#Ó¾×�W�E-ß�JaE-ÐOÛRE`J�LaÕIE;Ó¾×zÛzH'GIß_E �� LaE!Ó;ÔIßPH'LaE¾ä�Õ^N}ÒsÕ³ÕIHKJ
G´E!E-Q×RG^LOH'NPQ^E`W7N_Q7LOÕ^E	âIÐsJML#JMLOE-Ô�Y©àxÕ^E�ÐOE!JaÖ^ß¨L�×RÙ�LaÕ^E(HRQIH'ßPÚ�JyN}J�N}J�H5JaE�L0×RÙ ��� Ó¾×'LON_×KQ
ÔIH'ÐsH'Ó¾E�LOE-ÐsJ��Fä�Õ^N}ÒsÕW�E!JOÒ�ÐONPG´E`J�Ù¿×RÐ�H¾JyE`ÝqÖ^E-QIÒ-E�×'Ù�Ô©×KJaE!J�LOÕ^E	Ó¾×'LON_×KQ¹×RÙ�LOÕ^E	åRE`JMLOÖ^ÐaEKY
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Þ0J(JaÕ^×zä�QæNPQ ó�NPåIYPô¾LaÕIE>Ó¾×�W�E-ß�GIHRJaE!WUÓ¾×'LON_×KQçE!JyLaNPÓ¾H'LaNP×RQæÐOE!ÝqÖ^NPÐaE`J�LMä�×îJyLaE!ÔIJ!í�LaÕIE
Ò�ÐOE!HzLON_×KQ>×RÙ,H �� JaE-åRÓ¾E!QKLOE!W>Ó;×zÛzHRG^ß_E#Ó¾×�W�E-ß¢×RÙ�LaÕIE#Ô©E-ÐsJa×RQ7H'QIW5LaÕ^E�â^LaLaNPQ^å¾×'Ù�LaÕIH'L
Ó;×�W�E!ß�LO×>H ��� Ó¾E!HKJyÖ^ÐOE-Ó¾E!QKL�×RÙ�LaÕ^E�JaHRÓ;E(Ô´E!ÐOJa×RQNPQîH'Q³HRÐaGIN¨LOÐOHRÐaÚ5Ô©×KJaERY©àxÕ^E	âIÐsJyL
JMLOE-Ô7NPJxÔ©E-ÐaÙ¿×RÐOÓ¾E!WTä�N¨LOÕH¸Ò-H'Ó¾E!ÐOH�GIHRJaE!WTÔIHKJaJaN_ÛKE0Ù¿ÖIß_ß�G´×�W�Ú>JOÒ-HRQ^Q^E!Ð!Y
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VqQI×zä�QLaE`ÒsÕ^Q^N}ÝKÖIE(Ù¿×KÐ@LOÕ^E¾H'Ö�LO×RÓ¸HzLONPÒ(ÐaE`Ò�×RQ´JMLOÐaÖIÒ�LaNP×RQî×RÙ �� ×RG(UME!Ò�LsJ@Ù¿Ða×KÓ:Ó�Ö^ß_LaNPÔ^ß_E
Ò-H'Ó¾E!ÐOH0ÛqNPE-ä�JWV XIYgY Ï Q(LOÕ^NPJ�JaE!Ò�LaNP×RQ(LaÕ^ExÐOE!Ò�×KQIJyLaÐOÖIÒ�LON_×KQ	LaE`ÒsÕ^Q^N}ÝKÖIE�N}J�W�E!JOÒ�ÐONPG´E`W�G^ÐON_E�ZIÚRY
à�×>Ò!H'Ô�LOÖ^ÐOE�LaÕIE(G©×FW^ÚÓ;×�W�E!ß,HRQIW7LO×>E�ØFLOÐOHKÒ�L�LOÕ^E;JaE!ÝqÖ^E!QIÒ�E(×'Ù«ÛR×Kß_ÖIÓ;E;W^HzLsH¸Ù¿×KÐ

Ó;×RLaNP×RQ�E`JMLON_Ó¸H'LaNP×RQ(H�JaÔ©E!Ò�N}H'ßFJaE�LaÖIÔ�×'ÙIJaN¨ØFLOE-E-Q�W�N_åKN¨LsH'ßFÒ-HRÓ;E!ÐOHKJ�ÕIHKJ�G©E-E!Q�Ò�×KQIJyLaÐOÖIÒ�LOE!W
ä�Õ^NPÒsÕïNPJ7JaÖ^N¨LsH'G^ßPEîÙ¿×KÐTÖ´JyNPQ^å LOÕ^EæJyÕIHRÔ´E-ZÙ¿ÐO×RÓ;Z\JyNPßPÕ^×RÖ^E-LyLOE³H'Ô^ÔIÐa×qHRÒsÕ
[�ó,NPåIY�\�]�Y�àxÕIE
Ô´E!ÐOJa×RQ¸N}JxJyN_LaÖIH'LaE`W¸N_Q5Ù¿Ða×KQKL�×'Ù�H(Ó;×KQ^×�ÒsÕ^ÐO×RÓ¸HzLONPÒ�Ò-×KHzLOE!W¸G´HRÒsVFåRÐO×RÖ^Q´W�ä�ÕINPÒsÕ5N}J�ÖIJyE`W
ßPH'LaE-Ð�×KQ³Ù¿×KÐ�JaNPß_Õ^×KÖ^E�LaLaE¸E-ØqLOÐOHKÒ�LON_×KQ�Y¢àxÕ^E¸Ò�×RÓ�G^NPQIHzLON_×KQ³×'Ù�GIHRÒsVFåKÐa×KÖ^QIWîHRQIW³Ò!H'Ó¾E-ÐsH



Digital Cameras

Monochromatic
Background

����� § � § Ã¢mMhtcqusht®qw!¯F~	p�w-e\jKmMps~	pOc'f�e\pOfMjK®��Ä¯tpOkPf��¢w!cq|�h¨cK®qjRf,ht~�w!�!p�w-cF|�e\ps�!~	psczfMp�|@kPr!mMps�-mMr`jqcq|
�ÄuOpsczfMpOmµw!cq|�mMht�`ozf��

(a)                                                                      (b)     

line of sights through 
silhouette contour points

image plane 
with silhouette

focal point 

boundary of a 
volume cone

cameras  

(c)

����� §��I§�� r`¯tjq~	p«mMpsusr!cqegf\mMjquafMh¨r!c
	��¿w���Â,r`cqegf\mMjKuOfMhtr`c�r!k�w���r`¯tjK~	pOf\mMhtu�usr!cqp`���Ä���n©r`®R¬�'htp Á r-k
fMoKpxusr!cqp�htczfMpOmMe\psuOfMhtr`cI���Äu��,±-²é~	r'|Kps¯thtcq�@mMpse\jq¯if

Ô´×qJyN_LaNP×RQIJ>Q^E-E`WêLa×çÙ¿ÖIß¨âIß@Ó¸H'NPQ^ß_Ú½LMä�×çN_Ó¾Ô©×RÐaLOH'QqLTÒ-×RQIJyLaÐsH'NPQqLOJ!í�âIÐsJMLOß_Ú�� >PMNM�Ò-HRÓ;E!ÐOHKJ
Ó(ÖIJyL;JaE-E¸LOÕ^ETÒ-×RÓ¾Ô^ßPE�LOE>Ô©E-ÐsJy×KQçN_QçÙ¿ÐO×RQqL(×RÙxLaÕ^ETÓ;×KQ^×�ÒsÕ^ÐO×RÓ¸HzLONPÒ¾GIHKÒsVFåRÐO×RÖ^QIWæHRQIW
JyE`Ò�×RQ´W�ß_Ú>Q^×¸Ò-H'Ó¾E!ÐOH;JyÕI×RÖ^ß}W¹G´E	ÛFN}JyNPG^ßPE@Ù¿ÐO×RÓòH'QFÚ5×'LOÕ^E-Ð�Ò!H'Ó¾E-ÐsH^Y
àxÕ^ETÔIÐaNPQIÒ�NPÔ^ßPE7×'Ù�LOÕ^EJyNPß_ÕI×RÖ^E-LyLaE-ZdG´HRJaE!WçÛK×RßPÖ^Ó¾E�LaÐON}Ò>ÐOE!Ò-×RQIJyLaÐOÖIÒ�LON_×KQ Ò-HRQ G©EW�N¨Z

ÛqN}W�E`W¸N_QqLO×(LOÕ^ÐaE!E@JyLaE!ÔIJ-Y Ï Q¸LOÕ^E0â´ÐOJyL�JyLaE!Ô��qLaÕ^E#JyNPß_ÕI×RÖ^E-LyLaE#×'Ù¢LOÕ^E#ÐaE`H'ßI×KG UME!Ò�L�Ó�ÖIJMLxG©E
E�ØFLaÐsHRÒ�LaE!W�Ù¿Ða×KÓÜLaÕ^ExNPQ^Ô^Ö�L�NPÓ¸H'åRE`J�HKJ�JyÕ^×zä�Q(N_Q¾ó,N_å´YP\^Y Ï Q(LOÕ^ExÔ^Ða×KÔ´×qJyE`W	E-QFÛFNPÐa×KQ^Ó¾E-QqL
LaÕ^E¹JyE!åRÓ¾E-QqLOH'LaNP×RQæ×'ÙxLOÕ^E>Ô©E-ÐsJy×KQ H'åqH'NPQIJML	LOÕ^E>G´HRÒsVFåRÐO×RÖ^Q´W³N}J�Ù�HKÒ�NPß_N_LOH'LaE`WæGqÚUÖIJaN_QIå
LaÕ^E	Ó¾×RQI×FÒsÕIÐa×KÓ¾H'LaN}Ò0G´HRÒsVFåRÐO×RÖ^Q´W [5TRG^ßPÖ^E	JaÒ-ÐaE!E-QTLaE!ÒsÕIQ^NPÝqÖ^E T ]�Y
Ï Q>LOÕ^E�JyE`Ò�×KQIW7JMLOE-Ô��^H¾ÛK×RßPÖ^Ó¾E�LaÐON}Ò@Ò-×RQ^E	N}J�Ò�×KQIJMLOÐaÖ´Ò�LaE`W>Ö´JyNPQ^å¾LaÕIE�Ù¿×FÒ!H'ß¢Ô©×RNPQqL�×'Ù

LaÕ^E(Ò!H'Ó¾E-ÐsH¾H'QIWTLOÕ^E�JyNPßPÕ^×RÖ^E-LyLOE(HRJ�JaÕ^×zä�Q7N_Qó,NPåIY � H^Y^àxÕ^E�Ò-×RQFÛRE-Ø>ÕFÖ^ßPß�×'Ù,LaÕIE�Ò�×RQIE
NPJ0Ù¿×RÐOÓ¾E!W7GFÚ¹LaÕ^E�ß_NPQ^E!J@×'ÙµJaNPåRÕqL�Ù¿ÐO×RÓòLaÕ^E¾Ò-HRÓ;E!ÐOH;Ù¿×�Ò!H'ß,Ô´×KN_QqL0LOÕ^ÐO×RÖ^åKÕîH'ßPß�Ò�×KQqLa×RÖIÐ
Ô´×KN_QqLOJ(×'ÙxLaÕIE>×RG(UME!Ò�L;JyNPß_ÕI×RÖ^E-LyLaEKY�óI×RÐ(E`HRÒsÕæÛFN_E!ä Ô´×KN_QqL�JaÖIÒsÕ HÛK×RßPÖ^Ó¾E�LaÐON}Ò¸Ò�×RQIE5NPJ
Ò�×RQ´JMLOÐaÖIÒ�LaE`W �©HRQIWE`HRÒsÕ³Ò-×RQ^E;Ò-H'Q³G´E;JyE!E-Q³HKJ@H5âIÐOJyL#HRÔ^Ô^ÐO×�Ø�N_Ó¸HzLON_×KQ×'Ù�LOÕ^E�ÛK×RßPÖ^Ó¾E
Ó;×�W�E!ßY



Ï QæLaÕ^ETßPHKJML(JyLaE!Ô���LOÕ^E5ÛK×RßPÖ^Ó¾E�LaÐON}Ò5Ò�×KQ^E!J�Ù¿ÐO×RÓãW�N��©E!ÐaE!QqL(ÛFN_E!ä Ô©×RNPQqLOJ�H'ÐOE5N_QqLOE-ÐaZ
JyE`Ò�LaE`W NPQ �� HRQIW Ù¿×KÐaÓ�LaÕ^E7âIQ´H'ß�H'ÔIÔ^Ða×�Ø�NPÓ¸HzLaNP×RQ ×'Ù0LOÕ^EÛR×Kß_ÖIÓ;E¹Ó¾×�W�E-ßdYµàxÕ^N}J¾NPJ
Ô´E!ÐyÙ¿×KÐaÓ¾E!Wîä�N¨LOÕLaÕ^E;VFQ^×zä�ßPE!W�åKE	×'Ù�LaÕIE;Ò!H'Ó¾E-ÐsH¸ÔIHRÐOHRÓ;E-LaE!ÐOJ9�^ä�Õ^N}ÒsÕîåRNPÛRE�LaÕ^E;N_Q^Ù¿×RÐaZ
Ó¾H'LaNP×RQæ×'Ù�LaÕIE¸åRE-×KÓ¾E�LaÐON}Ò-H'ß�ÐOE-ß}HzLON_×KQÑG©E�LMä�E-E!QULaÕ^E5ÛK×RßPÖ^Ó¾E�LOÐaN}Ò¾Ò�×RQIE!J!Y Ï Q ó�NPåIY � GæH
LMä�×¸W�NPÓ¾E-QIJaN_×KQIH'ß�La×RÔ7ÛFNPE-äñ×'Ù,LaÕ^E	NPQqLaE-ÐsJaE!Ò�LON_×KQ7×'Ù,LaÕ^E�Ò-×RQ^E`JxNPJ�JaÕ^×zä�Q�Y Ï Q7ó,NPåIY � Ò�H
LaÐONPHRQ^åRÖ^ß}HzLOE!W �� Ô©×RNPQqL0Ò�ßP×RÖIW¹ÐOE-Ô^ÐOE!JaE-QqLaNPQ^å�LaÕ^E	ÛK×RßPÖ^Ó¾E�Ó;×�W�E!ß�JyÖIÐyÙ�HKÒ�E�NPJ0JyÕ^×zä�Q�Y

Þ�ÙÄLaE!Ð¸LaÕIEÐaE`Ò�×RQ´JMLOÐaÖIÒ�LaNP×RQ½×'Ù#LaÕ^EåKE-×RÓ¾E-LaÐOÚçLaÕ^EÓ¾×�W�E!ß0Ò-HRQêHRÖ�La×KÓ¾H'LaN}Ò-HRß_ßPÚ G©E
LaE�ØFLOÖ^ÐaE`WæÖIJaN_Q^åîLaÕ^ET×RÐON_åKN_QIHRßµÒ-HRÓ¾E-ÐsH7N_Ó¸H'åKE!J	åKN_ÛFNPQ^å³H7Õ^NPåRÕIß_ÚæÐOE!H'ßPN}JMLONPÒ¾NPÓ¾Ô^ÐaE`JaJaNP×RQ
V¨ô�YdY
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à�×¸E-ØqLOÐOHKÒ�LxLaÕIE �� Ó¾×RLaNP×RQ7ÔIH'ÐsH'Ó¾E-LaE-ÐsJ�×'Ù�H¾Ó¾×zÛqNPQ^å¾Ô©E-ÐsJy×KQ7H;LOE-Ó¾Ô^ß}HzLOE	GIHRJaE!W7H'Ô^Z
Ô^Ða×qHRÒsÕ¹ÕIHRJ�G´E!E-QÖIJaE!W¢Y©àxÕ^E-ÐOE�Ù¿×KÐaE	HRQN_QqLaE!ÐaQ´H'ß�JaVRE!ß_E-La×RQJyLaÐOÖIÒ�LOÖ^ÐOE	NPJ�QIE-E!W^E!W7ä�Õ^N}ÒsÕ
Ò�×RQqLOÐa×KßPJ�LaÕ^ETÓ;×�W�E!ß�Ó¾×zÛKE-Ó¾E-QqLOJ!Y Ï Q½×RÐsW�E-Ð(La×³âIQIWæLOÕ^E¹Ò-×RÐOÐaE`Ò�L(JaE�L¾×'Ù�Ó¾×'LON_×KQ ÔIH'Z
ÐOHRÓ;E-LaE!ÐOJ(LaÕ^E7G©×�W�ÚçÓ¾×FW^E-ß�ÕIHKJ(LO×ÑG©EHRW^HRÔ�LaE`WçLO×³LOÕ^EJyÔ©E!Ò-N¨â´Ò¹Ô©E-ÐsJy×KQçLaÕ´HzL¸NPJ�LO×
G´E³LaÐsHRÒsVRE`WëßPH'LaE!Ð!Y���×RÐOÓ¸H'ßPß_Ú½LaÕINPJTÐaE`ÝqÖ^N_ÐOE!J>HçLaE`W�NP×RÖIJ>Ó¾HRQFÖIH'ß@Ô´×qJyN_LaNP×RQ^NPQ^å½×'Ù	LaÕIE
UM×RNPQKL¹Ô´×qJyN_LaNP×RQ´J>ä�N_LaÕ^NPQéLOÕ^E³Ó¾×�W�E-ßdY Ï Q�×RÐsW�E!Ð¸La×½ÐaE`W�ÖIÒ�E³LaÕ^EUÒ�×qJMLsJ5×'Ù�Ó¾×�W�E!ß#Ò-ÐaE-Z
HzLaNP×RQæN_L�NPJ(W�E!JaN_ÐsH'GIß_E;La×îHRÖ�La×KÓ¸HzLaE¾LOÕ^N}J	Ô^ÐO×FÒ-E!JOJ-Y�Þ@J	×RÔIÔ´×qJyE`W³LO××'LOÕ^E-Ð�HRß_åK×RÐON¨LOÕ^Ó¸J

 3�	����&� [«ØFLaÐsHRÒ�LOE!WæÙ¿E`HzLOÖ^ÐaE`J�HRQIW Ò!H'ß_Z
Ò-Ö^ßPH'LaE`W½JaVRE!ß_E-La×RQ [¿ßPE�ÙÄLS]�Z(Þ�Ö^La×RÓ¸H'LaN}Ò
JaE-åKÓ;E!QqLOHzLON_×KQ>NPQ7G´×�W�ÚTÔIH'ÐaLOJ [�ÐaNPåRÕqLL]

LaÕIH'L@ÖIJaE�LOÕ^E�LOÕ^N_QIQ^N_QIå>×'Ù ��� WIHzLOH V \PYRV � Y�ä�E
Ô^Ða×KÔ´×qJyE¹LO×æâIQIW½LaÕ^EÑJyVKE-ßPE�La×KQêHKJ¸HæÓ(Ö^ß_LaN_Z
JMLOE-Ô¸Ô^ÐO×�Ò�E!JOJ�GIHKJyE`W�×KQ¾ÐaE-ZdÔ^ÐO×IUME`Ò�LOE!W�N_Ó¸H'åKE!J
×'Ù,LaÕ^E	ÛK×�ØFE!ßªÓ;×�W�E!ß�×'Ù�LaÕ^E	Ô©E-ÐsJa×RQ�Y
Ï Q>H�â´ÐOJyL�JyLaE!ÔTH�ÔIÐaNPQIÒ�NPÔIHRß©H'ØFN}J�H'QIHRß_Ú�JaNPJ

NPJ�Ô©E-ÐaÙ¿×RÐOÓ¾E!W¹LO×¾LaÐsH'QIJyÙ¿×RÐOÓ LaÕIE�Ó¾×FW^E-ß�NPQqLa×
H�W�E�âIQIE!W�Ô©×KJaN¨LON_×KQ�H'QIW#×RÐONPE-QqLOH'LaNP×RQ�Y��@JyNPQ^å�H
ÛqNPÐaLaÖIHRßªÒ!H'Ó¾E-ÐsH��5Q^×RL�LO×¾G´E	Ò�×KQ�Ù¿×RÖIQIW5ä�N_LaÕ
×RQ^E;×'Ù«LOÕ^E¾ÐaE`H'ß�Ò-HRÓ;E!ÐOHKJ��îHTJaÚFQqLaÕ^E-LaN}Ò�JaN_ß_Z
Õ^×RÖ^E-LyLOEîÙ¿ÐO×RÓ HæÙ¿ÐO×RQqLOHRß0ÛFN_E!ä�Ô´×KN_QqL¹NPJ¹Ò-HRß¨Z
Ò�Ö^ß}HzLOE!W¢Y�àxÕ^E¾×KÖ�LaE!Ð�Ò�×RQqLO×RÖ^Ð�×'Ù�LaÕ^N}J	NPÓ¸H'åRE
NPJ¸Ö´JyE`W LO×çE�ØFLaÐsHRÒ�L>Ò�E!ÐyLsH'NPQ Ù¿E`HzLaÖIÐaEÔ©×RNPQqLOJ
ß_NPVRE0LaÕ^E#G´×KÖ^QIW�NPQ^å;G´×�Ø �KLaÕ^E#Ô©×KJaN¨LON_×KQ>×'Ù¢LOÕ^E
Q^E!ÒsV���LOÕ^E	ÕIH'Q´W^J�H'Q´W¹Ja×¸×RQHKJ�Ò-HRQTG©E(JaE-E-Q
N_Q(ó,NPåIY9X�×RQ�LOÕ^EµßPE�ÙÄL`Y Ï Q	LOÕ^E«ß}HRJyL�JyLaE-Ô�LaÕ^EW\ �
UM×RNPQKL@Ô´×qJyN_LaNP×RQIJ�×'Ù�LaÕ^E�W�E!JaN_ÐOE!WJaVRE!ß_E-La×KQ7HRÐaE
W�E-ÐON_ÛKE!W¸W�NPÐOE!Ò�LOß_Ú�Ù¿ÐO×RÓBLaÕ^E0W^E�LaE`Ò�LOE!W¾Ù¿E`HzLaÖIÐaE
Ô´×KN_QqLOJ¾Ö´JyNPQ^åçÒ�E!ÐyLsH'NPQ½ÐsHzLON_×qJ [ó�NPåIY*XB��ßPE�ÙÄLL]�Y
�0JaN_Q^å#LOÕ^E�ÐaE`H'ß�Ó¾×�W�E-ß´H'QIW(LaÕ^E�ÛFNPÐyLOÖIH'ß^Ò!H'Ó;Z
E-ÐsH;LaÕ^E`JyE \ � UM×KN_QqL@Ô©×KJaN_LaNP×RQIJ�HRÐaE(E�ØFLaE!QIW�E!W
La×5LOÕ^E-NPÐ�ÐaE`H'ß �� Ô´×qJyN_LaNP×RQIJ!Y Ï QÑó,N_å´Y XT×RQLOÕ^E;ÐaNPåRÕqL0LOÕ^E¾JyVKE-ßPE�La×KQÕIHRJ@G©E-E-QÑÖIJaE!W7LO×
JyE!åRÓ¾E-QqLxLaÕ^E	Ó¾×�W�E!ß�N_QqLO×¾W^N��ªE-ÐOE-QqL�G©×FW^Ú>ÔIHRÐyLsJ-Y
àxÕ^E>ÐOE!JaÖ^ß_LaNPQ^å³ÐOE�Ù¿E!ÐaE!QIÒ�ETÓ;×�W�E!ß�W�E!JOÒ�ÐON_G©E!J(LaÕIETÐOE-ß}HzLON_×KQ G´E-LMä�E!E-QçLOÕ^E¹E-ßPE-Ó¾E-QqLOJ

×'Ù�LaÕIE;JaVRE!ß_E-La×RQîHRQIWLOÕ^E�JaÖ^ÐaÙ�HRÒ-E(Ô©×RNPQKLsJ0×RÙ�LaÕ^E;Ó¾×�W�E-ß�H'QIW³N¨L�Ò�×KQKLsH'NPQIJ@ÔIH'ÐsH'Ó¾E�LOE-ÐsJ
ß_NPVRE@LaÕ^E#G©×RQ^E#ß_E!Q^å'LOÕ>ä�Õ^N}ÒsÕTHRÐaE#HRJOJyÖIÓ;E`W¸LO×(ÐOE-Ó¸H'NPQTÒ-×RQIJyLOHRQKLxW�Ö^ÐON_QIå(LOÕ^E0Ù¿×Kß_ßP×zä�NPQ^å
Ó;×RLaNP×RQ(HRQIH'ßPÚ�JyN}J!Y-àxÕ^EµÐOE�Ù¿E!ÐaE!QIÒ�EµÓ;×�W�E!ßFÕIHRJ�G´E!E-Q(W�E!ÐaNPÛRE`W�Ù¿ÐO×RÓÜH0JaÔ´E`Ò�N}H'ßRÔ©×KJaE�`ä�Õ^N}ÒsÕ
E�Ø�Õ^NPG^N¨LsJxÓ¾×KJyL�W^NPJyLaNPQIÒ�LOß_Ú5LaÕ^E�E-ßPE-Ó¾E!QKLsJx×'Ù�LOÕ^E	Ó¾×�W�E-ß¢JaVRE-ßPE�LO×RQ��FßPN_VKE#LaÕ^E�Q^E`ÒsV1�FÕ^E`HRW �
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LaÕ^E�La×KÐOJa×B�´LaÕ^E;ßPN_Ó�GIJ�H'QIWîLaÕ^E!N_Ð�ÔIHRÐyLsJ-Y � ÖIÐaNPQ^å¹Ô´×qJyE;H'QIHRß_Ú�JaNPJ0LaÕ^N}J#ÐaE-Ù¿E-ÐOE-QIÒ-E(Ó¾×�W�E-ß
JyE!ÐaÛKE!J;HRJ¸HÑÓ;×zÛzHRG^ß_E �� LOE-Ó¾Ô^ß}HzLOE¹NPQë×RÐsW�E-Ð�La×æE`JMLON_Ó¸HzLOE¹LaÕ^E¹Ù¿ÐOE-E7ÔIH'ÐsH'Ó¾E-LaE-ÐsJ�×'Ù
LaÕ^E�N_QqLaE!ÐaQ´H'ß�JaVRE!ß_E-La×RQ¹Ù¿ÐO×RÓòLaÕ^E�×RGIJaE-ÐOÛzHzLON_×KQ¹×RÙ�LaÕ^E�ÐOE!Ò-×RÐsW�E!W7JaÖ^ÐaÙ�HRÒ�E	Ô©×RNPQqLOJ0×'Ù�LaÕIE
ÔIH'ÐaLaN}Ò�Ö^ß}H'ÐxÔ©×KJaE	Ö^QIW�E!Ð�N_QFÛKE!JyLaNPåKHzLON_×KQ�Y

* *,+.- Ê�È^ÎMÊµÇ0/�Ç1/ � �12FÎ32

ó^ÐO×RÓ»LOÕ^ExG´×�W�Ú(JOÒ-HRQ^Q^E!Ð,Ó¾E!QKLON_×KQ^E!W;H'G©×zÛRExH#Ò�ßP×RÖIW�×'Ù �� JaÖ^ÐyÙ�HKÒ�E�Ô´×KN_QqLsJ�NPJ�×KG�LOHRN_Q^E`W
Ù¿×RÐ�E!HKÒsÕ>Ô©×KJaE#Ù¿Ða×KÓ H;ÐaE`H'ßªÔ´E!ÐOJa×RQ�Y^àxÕ^E#LOHRJaV5×RÙ�LaÕIE	Ó;×RLaNP×RQ7H'QIHRß_Ú�JaNPJ�N}J�La×¾E!JyLaNPÓ¸HzLOE
Ù¿×RÐ�E!HKÒsÕ>Ô©×KJaE#LaÕ^E�Ù¿ÐOE-E�ÔIHRÐOHRÓ;E-LaE!ÐOJ�×'Ù�LaÕ^E	ÖIQIW�E-ÐOßPÚqNPQ^å¸JaVRE-ßPE�LO×RQ��FNdY EKY�LaÕIE#ßP×�Ò-H'LaNP×RQ¹×'Ù
LaÕ^E�JaVRE!ß_E-La×RQ;H'QIW(LaÕIExHRQ^åRÖIßPHRÐ,Ô©×KJaN_LaNP×RQIJ!Y'Þ�Q;×zÛRE!ÐaÛFNPE-äçNPQ�LOÕ^E�H'ÐOE!H@×'Ù©ÛqN}JaÖIH'ß�H'Q´H'ßPÚFJaN}J
×'Ù�ÕqÖIÓ¾HRQTÓ¾×zÛKE-Ó¾E-QqL�Ò-HRQTG©E�Ù¿×RÖ^Q´WTNPQ V 4�YdY
àxÕ^E5VFQ^×zä�QçH'Ô^ÔIÐa×qHRÒsÕ^E`J#Ù¿×RÐ�LOÕ^N}J(Ó¾×'LON_×KQçE!JyLaNPÓ¸HzLaNP×RQçÔIÐa×KG^ß_E!Ó Ò!H'QçG©ETW�NPÛFNPW�E`W

N_QqLa×�LMä�×�W�N��ªE-ÐOE-QqL�LMÚFÔ©E!J!YRàxÕ^ExâIÐsJML�VFNPQIW �'ä�Õ^N}ÒsÕ¾NPJ�×RÙÄLaE!Q;G´HRJaE!W;×RQ;×RÔ�LONPÒ!H'ß ZI×zä ��LOÐaNPE!J
La×#ÐaE!åRN}JMLOE-Ð�LOÕ^E�W�N��©E!ÐaE!QKLONPHRßKÓ¾×RLaNP×RQ(×RÙ´H'Q�×RG UME`Ò�L,G´E-LMä�E!E-Q�JaÖ^GIJaE!ÝqÖ^E!QqL�Ù¿ÐsH'Ó¾E!J�ßPN_VKEµÙ¿×KÐ
N_QIJyLOHRQIÒ�E�NPQ V 5PYgYRàxÕ^N}JµH'ÔIÔ^Ða×qHRÒsÕ�ßPHKÒsVFJ,LOÕ^E�Ô©×KJOJyNPG^NPß_N_LMÚ�LO×	âIQIW¾HRQ5H'Ô^Ô^ÐO×RÔIÐaN}HzLOE�Ó¾×'LON_×KQ
Ù¿×RÐ�JyE`ÝqÖ^E-QIÒ-E!J�×'Ù�H'ÐOG^N_LaÐsH'ÐOÚ�ßPE-Q^åRLaÕ¹G´E`Ò-HRÖIJyE#E!JyLaNPÓ¸HzLON_×KQTE!ÐaÐO×RÐsJ�Ù¿ÐO×RÓ Ù¿ÐsH'Ó¾E@La×�Ù¿ÐOHRÓ¾E
HRW^W³Ö^ÔÑÖIQKLON_ß�LOÕ^E;LaÐsHRÒsVFNPQ^å>N}J�ß_×qJML`Y¢àxÕ^E¸JyE`Ò�×RQ´WîH'Ô^ÔIÐa×qHRÒsÕîä�Õ^N}ÒsÕUNPJ#Ô^ÐO×RÔ©×KJaE!WÕIE-ÐOE
Q^×RÐOÓ¸H'ßPß_Ú¾ÐOE!ÝqÖ^NPÐaE`J�Ja×RÓ¾E#VFN_QIWT×'Ù,H [ �� ]«Ó¾×�W�E!ßY Ï L�W�N}JyÔ©E-Q´JyE`Jxä�N¨LOÕ>LOÕ^E�N_Q�Ù¿×KÐaÓ¸H'LaNP×RQ
ÚqNPE-ß}W�E`W Ù¿ÐO×RÓ Ô^ÐONP×RÐ¾Ô^ÐO×FÒ-E!JOJyNPQ^åUJMLsH'åRE`J¾H'QIW LaÕFÖIJ¾H�ÛR×KNPWIJ�LOÕ^EÓ¾E-QqLaNP×RQ^E`W Ô^ÐO×RGIß_E!Ó¹Y
6 E`Ò-HRÖIJyE�×RÙ,LOÕ^E	ß}H'ÐOåRE-Ð�Ó¾×zÛKE-Ó¾E-QqLOJxG©E�LMä�E-E!Q¹LaÕ^E�NPQ^N_LaN}H'ß�Ô´×qJyE	×RÙ�LOÕ^E�Ó¾×�W�E-ß�HRQIW¹LaÕIE
Ô´×qJyE�La×�G©E�E`JMLON_Ó¸H'LaE!W�âIQIW�NPQ^å#LaÕIE�Ó¾×RLaNP×RQ(N}J�Ó¾×RÐOE�W�N�75Ò�Ö^ß_L!YKàxÕ^E�ÔIÐa×KÔ´×qJyE`W(H'ÔIÔ^Ða×qHRÒsÕ
LaÐON_E`J0LO×7E-ßPN_Ó¾NPQIHzLOE;Ó¸HRQ^N¨Ù¿×KßPWIJ@NPQÑLaÕ^E5Ja×RßPÖ�LaNP×RQÑGFÚE�Ø�Ô^ßP×RN_LaNPQ^å>LOÕ^E¸Ó¾×'LON_×KQ³Õ^NPE-ÐsH'ÐsÒsÕFÚ
×'Ù,LaÕ^E	Ó¾×�W�E-ßdY
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àxÕ^E¾N_QqLaE!ÐaQ´H'ß�JyVKE-ßPE�La×KQÑJyLaÐOÖIÒ�LOÖ^ÐOE;HKJ#JaÕ^×zä�QÑN_QUó�NPåIY?>>×RQ³LaÕ^E¾ÐON_åKÕqL#N}J#×RÐOåKH'QIN_ì!E!WNPQ
Ù¿×RÐOÓ�×'Ù�HÑVFNPQ^E-Ó¸H'LaN}Ò¹ÒsÕ´H'NPQêHKJ;JaÕ^×zä�QêN_Qëó,N_å´Y@>Ñ×RQ½LaÕ^EßPE�ÙÄL`Yµ[µHKÒsÕ G©×FW^Ú ÔIH'ÐaL¸NPJ
W�E!JOÒ�ÐON_G©E!WÑHRJ#H>G©×RQIE�×RÙµHTÒ-E-ÐaLOH'NPQîßPE-Q^åRLaÕUH'QIW³NPJ�Ò�×KQ^Q^E`Ò�LaE`WLO×THTÔIH'ÐOE-QqL#HRQIW³ÒsÕIN_ß}W



ÔIH'ÐaL�ÐaE`JyÔ©E!Ò�LaNPÛRE-ßPÚ¸LOÕ^Ða×KÖ^åRÕ7H UM×RNPQqL!YI[�HRÒsÕ UM×RNPQKL�N}J�E`ÝKÖIN_Ô^Ô©E!W¹ä�N_LaÕîH¾JaE�L�×'Ù,LMä�×;ßP×�Ò-HRß
Ò�×F×RÐsW�NPQIHzLOE0JyÚ�JyLaE!Ó¾J!YFàxÕ^E�âIÐsJyL�åRNPÛRE`J�LOÕ^E0LOÐOHRQIJyÙ¿×RÐOÓ¾H'LaNP×RQ¸×RÙ¢LaÕ^E#ÔIH'ÐOE-QqL«LO×�LOÕ^E#ÒsÕIN_ß}W
N_Q½N¨LsJ�QIE-Ö�LOÐOHRß�Ô©×KJaN_LaNP×RQ½HRQIWçLOÕ^E7JyE`Ò�×RQ´W Ò�×F×RÐsW�NPQIHzLOETJaÚ�JMLOE-Ó�W�E`JaÒ-ÐaNPG´E`J�LOÕ^EHRÒ�LaÖIHRß
Ó;×zÛKE-Ó¾E-QqL0HRÐa×KÖ^QIW7H;UM×RNPQqL!Y©àxÕ^NPJ@H'Ô^ÔIÐa×qHRÒsÕ¹ÕIHRJ�G©E-E!Q³ÒsÕ^×qJyE!QTLO×¸G´E;H'G^ßPE�La×TÒ�×RQqLOÐa×Kß
Ó¾H'Ø�N_Ó�Ö^Ó Ða×RLOH'LaNP×RQ½HRQ^åRßPE!J;H'ÐO×RÖIQIWçLOÕ^EHzØ�E!J�×'Ù@LaÕ^E¹â^Ø�E!W½Ò�×F×RÐsW�NPQIHzLOETJaÚ�JMLOE-Ó7Y Ï Q
HRW^W�N_LaNP×RQ¾LOÕ^E�â^Ø�E`W¾ß_×�Ò-HRßIÒ�×F×KÐOW�NPQIH'LaE�JaÚFJyLaE!Ó¸J«H'ÐOE�×RÐON_E!QqLaE!W;ä�N_LaÕ^NPQ¸LOÕ^E0JaVRE-ßPE�LO×RQ¸JaÖIÒsÕ
LaÕIH'L�LOÕ^E � Z\HzØ�NPJxHRß_äxH�Ú�JµÐOÖ^QIJ�HRß_×KQ^å(LOÕ^E�ß_×KQ^åRN_LaÖ´W�N_Q´H'ß¢×RÐONPE-QqLOH'LaNP×RQ>×RÙ�LOÕ^E�G´×�W�Ú5Ô´H'ÐaL
H'QIWÑLaÕIE��êZgH'Ø�NPJ	N}J	×KÐaNPE-QqLaE`WæH'ßP×RQ^å¹LaÕIE5ÛFN_E!ä�N_Q^åîW^N_ÐOE!Ò�LaNP×RQæ×'ÙxLaÕIE5Ô´E!ÐOJa×RQ�Y�àxÕ^E��Z
HzØ�NPJ�Ù¿×RßPß_×zä�J	Ù¿Ða×KÓCHÐONPåRÕqL(ÕIHRQIW�E!W Ò�×F×RÐsW�NPQIHzLOE5JyÚ�JyLaE-Ó7Y,àxÕ^NPJ�Ó¸H'VKE!J�JaÖ^ÐOE¸LaÕIH'L(Ù¿×KÐ
N_QIJyLOHRQIÒ�E@LaÕIE#Ó¸H'ØFNPÓ(ÖIÓ LMä�NPJyL�×RÙ�H�G´×�W�Ú¸ÔIHRÐyL�Ò-HRQTHRß_äxH�Ú�J«G©E�Ò-×RQqLaÐO×RßPßPE!W¸E!Ó;ÔIß_×zÚFNPQ^å
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