
����������	�
��������	�������	���
������ �����!���#"$	%��&'	�
)(+* ��,
��� ��	%&-�!������	%�.


/-02143�52687�196:7<;>=@?�AB7�CEDF68G>H�I@6>J2KL?NM�IB6:OPAQ7�R2OS19RN3:TBRU;<?2I@RNJ�AQ7VI@R2WX5N68IBR�YG%TQ193�M�I@RNZB19R2[
\^]`_Qa`b8cedgfha`iVj�k.lnmpo!q>a<csreqtfVuvcewQqyxzr{i�d|aN}2~��@u4f�r{����a`dg�Lq8re�sd�c��<}`~p�t�����t�F}S~��@u4f�r{�N}B�F� ���
�Pm�a`�Xced�ce_Bcef��Qqyxzd|f�u��� �sdgb�i�q��-aQ�hq>aQwSi�red|i�xzd|fV���q��Qdgb�i@}�]Uo!�t�-}N�%�%�L�%���@������dg�s �fhiB}�¡¢f�rsce_`�hiVj£�¤�¥ b:wQf<fhjNfVuzo!fV��¦`_Qceq:r ¥ b>dgq>aQb>qh}Q��a`dg�Lq:re�sdgc���fVuv§�i�ceq8rejgf<fQ}Q§¨i%ceq8rejgf<f�©yªV�«�L¬F�h}So�iVa`ih�QiB�

 ¥ q8re�@dgb>qy®�fV�s¦`d�c{iVjgdgq8r�]QrB�q��z�q8redgb�¯hfhjgdgfVc�}�o��z°�}S�@�>�L�@��~�re�ei��<}Q]Qr{i�a`b>qV�

±�²v³>´>µ%¶S·V´h¸�¹ wQqt¦Qreq>�sq8a`b>qtf�u¢b>q:req> Qr{i�jUi�b8cedg�hi%ced|fVaº��i>�� `d|i��n��f�cedgfha�b>fVrsreq>b:�
cedgfha»q>�Xcedg��i�ceq>��¼pw`q8a½req>�Vd|�Xceq:red|aQ�¾]¿k.l�m ced|��q.�sq8redgq>�>� ¹ wQd|��¦Brefh `jgq>����i>�
 �qP�sfhjg�Lq>�»cewQrefh_Q�hwEcewQq�_Q�sqPfVu��s¦�q>b>d�À`b�req>�Vdg�Xcsr{i�cedgfhaÁ��q8cew`f@�B�>}z¼pwQdgb:wÂdgaQ�
b>f�re¦�fVr{i%ceq�fVr��Qf�¼paQ�Ã¼!q>dg�hw<c�b>q:req> Qr{i�j2iVb8cedg�Vi�cedgfha�b>fVaQu4fV_`a`�Qdga`� �sdg�haSi�jg���Q_Bred|aQ�
req>�Vdg�Xcsr{i�cedgfhaN�Sm�a�cew`dg��¦`iV¦�q8r�}@¼�q�q>�hi�jg_Si�ceq�cew`q�¦�q:rsu4fVre��i�a`b>q�fVuv�Bd�Ä2q8req>a<c�req>�V�
dg�Xcsr{i�cedgfVa���q8cew`f@�B�y�s¦�q>b>d�ÀSb>iVjgj����Bq>�sdg�ha`q>��cefº�Bq�iVj¿¼pd�cewÅcewQq�¦QrefV `jgq>�Æf�upiVb8�
cedg�Vi�cedgfhaº¦Breq>�sq>aQb>qh� ¹ wQqy��q8cew`f@�B�p�Xce_S�Qdgq���w`q8reqy�Bdgq>j|�Qq��� �q8csceq8rpreq>�s_Qjgce�pcewSi�a
cewQqtcsr{ih�Qd�cedgfha`iVjUiV¦`¦BrefLi�b:wQq>�p SiV�sq>�.fhaºjgq�i��Xc��eÇ<_`i�reqy��q8csredgb>�>}`iVjg��fh�Xcpcef�c{iVjgj��
q>jgdg��dgaSi%ced|aQ��cew`q�i�b8cedg�hi%cedgfhaQ�Ãreq>j|i%ceq��.b>fVaQu4fV_`a`�Q�>�

È É`ÊnË�Ì2ÍyÎFÏ ÐUË2ÑeÍnÊ

ÒtH27�Ó26:TQÔ2Õ97�Ö×TBØ�3:02Ô�Ùe7hG�Ú^ÖºT@Ú:19TBRÛ143ºT@Ø�ÓNI@6:Ú:14G%02Õ4I@6º19ÖºÓ�TQ6{Ú>I@RNG�7Å19R+5!M¾ÜyÝ.3{Ú:0�J�1Þ7h3�?
J�027FÚ:T�Ú8H27F3:Ö^I@Õ9ÕUIBÖºÓ2ÕÞ1ÞÚ:0�J�7FTBØvÚ:H27�3:1ÞZQRNI@ÕUG>HNI@R2ZQ7V3n1ÞRNJ20NG%7hJPÔSß^G%7�687�ÔN68IBÕNIBG%Ú:19àLI@Ú:19TBR¿á
ÝsRNJ�7�7hJv?�3:19ZBRNIBÕ�à<I@6819I@Ú:19TBRN3º19R`Ú:68TSJ20NG%7hJâÔ`ßÛ3{Õ919ZBH`Ú�ÖºT<àB7VÖ.7VR`Ú83^G�IBR+7VIQ3{19ÕÞßãH214J�7¨Ú:HN7
äyD�/zå$3:1ÞZQRNI@ÕnØÃ7VI@Ú:02687V3�687�Õ4I<Ú87VJ»Ú8T¾G%TQZBR21ÞÚ:19àB7ºÚ>IB3:OS3V?-TQ6�Õ97VIBJ»Ú8T�Ú8H27�I@ÓNÓ�7hI@6>I@RNG�7^T@Ø
ØæI@Õ43{7EIBG%Ú:19àLI@Ú:19TBRN3Váyå 0N7½Ú8TÁÚ8H27»Õ9IQG>O+T@Ø�ÓU7�6:ØÃ7VG%Ú¨IBRNJçG�TBÖ.ØÃTB6:Ú8IBÔ2Õ97¾19Ö.ÖºTQÔ21ÞÕ919èVI<Ú81ÞTQR
3:G>H27VÖº7V3V?�R27V0268TB19ÖºIBZB19R2ZP687V3:7VIB68G>H27V683tTBØ£Ú:7VR¾Ó2687%ØÃ7V6 Ú8TÅ687�Õ9ß�TBR�687%Ú86:T`3{ÓU7VG%Ú:19àB7�ÖºT@Ú81ÞTQR
G%TB68687VG�Ú81ÞTQR�T@ØnÚ:H27º5�M�ÜyÝ�Ú81ÞÖº7^3:7�681Þ7h3�á¢é�T<ê�7�àQ7�6h?�TQÓ�Ú:19Ö^I@Õ�6:7VZB143eÚ868I@Ú:19TBR¨TBØpÚ:H27.Ú81ÞÖº7%W
3{7V6:197V3�193ºRNT@Ú^3{0�ëPG�1Þ7VRQÚºÚ8T»G�TB686:7hG�Ú�ØÃTQ6^I@Õ9Õt3:19ZBRNIBÕtG>H�I@R2ZQ7V3.J�027ÅÚ:TÂ3{0NÔ�Ùe7VG%Ú.ÖºT@Ú81ÞTQR
J�02681ÞR2Z^J2I@Ú8IºIBGVì`02193:1ÞÚ:19TBR¿á

ÝsR¨Ó268IQG�Ú819G�7B?�IBR�1ÞÖºÓUTB6:Ú8I@R`ÚFG�TBR�ØÃTQ02RNJ�19R2ZP7�CU7hG�Ú�ÖºILß«3eÚ81ÞÕ9Õ!Ô�7�1ÞR`Ú:68T�J�0NG�7VJ�J�02681ÞRNZ
Ú:H27�7V3{Ú:19Ö^I<Ú:19TBRÅT@Ø-ÖºTBÚ:19TBR�Ó�I@6>I@Öº7%Ú87�6>3�á`ÒtH2193tG�TBR�ØÃTQ02RNJ�19R2Z.7%C¢7VG�Úy687�Õ4I<Ú87V3nÚ:T�Ú8H27�ØæIBG%Ú
Ú:HNI@Ú�Ú:HN7�Ó2687V3:7�RNG�7PT@Ø�IQG�Ú:19à<I<Ú81ÞTQRÂÖºILßE3:ßS3{Ú:7VÖ^I<Ú:14G�IBÕÞÕ9ß»Ô219IQ3�Ú8H27�ÖºT@Ú81ÞTQRÂ7V3{Ú:19Ö^I<Ú:7h3�?
6:7VRNJ�7�6819R2Z¾Ú8H27�ÖíG%TQ6:687�Õ4I<Ú87VJîêy1ÞÚ:HÛÚ8H27�IBG%Ú:19àLI@Ú:19TBRÛÓ268T@ïNÕ97ÂðÃ7�àQ7�RÛ1ÞRÛÚ8H27¨I@ÔN3:7�RNG�7�T@Ø
3{02Ô2Ùe7VG�Ú�ÖºT@Ú:19TBRUñyò|ó�ô�á`ÒtH2143n7�CU7hG�Ú�143pÓ�I@6:Ú:14G%02Õ4I@68ÕÞß.3{19ZBRN1|ï�GVI@R`ÚnêyH27VR^ÖºT@Ú:19TBR^7h3eÚ81ÞÖ^I@Ú:7V3
I@687 TBÔ2Ú8I@19R27hJ�0N3:19R2Z.3:19Ö.19Õ4I@681|ÚeßºÖº7VIQ3{02687V3�ÔNIQ3{7hJPTBRÅÕÞ7hIB3{Út38ì`0NI@687V3�Öº7%Ú86:14G�3Vá�ÒtH27�G%TBR2W
3{7hìQ0N7�RNG�7�Ö^ILß^ÔU7�Ú:H27�IBÓ2ÓU7VI@6>I@R�G%7 TBØ!3:Ó202681ÞTQ0N3yIBG%Ú:19à<I<Ú:19TBR�3�IBÕÞTQR2Z.Ô268IB1ÞR«7VJ2ZB7V3tI@Ø£Ú:7�6
3eÚ>I<Ú:143{Ú:14G�I@Õ¢I@R�I@Õ9ßS3:143�á`M¨TB687�T<àQ7�6h?<Ú:H2143t3{ß�3{Ú:7VÖºI@Ú:14G�Ô214IB3�143�Õ919OB7�Õ9ß.Ú:T.6:7VRNJ�7V6n19R`à<IBÕÞ14J�IBR`ß
I<Ú{Ú87�ÖºÓ�Ú�Ú:T�G�TB686:7hG�ÚpT@Ú8H27�6nÖ.TBÚ:19TBR�WX687�Õ4I<Ú:7hJºI@6:Ú:1ÞØæIBG�Ú>3pÔSß�0�3{19R2Z�ÖºT@Ú81ÞTQR^ÓNI@6>I@Öº7�Ú:7�6>3pIQ3
6:7VZB687V383{TQ683nT@Ø�R2T@WX1ÞR`Ú87�687V3{ÚVá

õ 3{Ú8IBRNJ2IB68JîIBÓ2Ó268TQIQG>HÂÚ:TE687VJ�0NG�7�Ú8H27¨IBG%Ú:19àLI@Ú:19TBR�WX687�Õ4I<Ú:7hJÂÔ214IB3º19RãÖºTBÚ:19TBRÁ7h3eÚ81|W
ÖºI@Ú:7h3yG%TBR�3{143eÚ>3�T@Ø-0N3:19R2Z^I�68TBÔ20�3eÚy7V3{Ú:19Ö^I<Ú8TB6�ò ö2?:÷<ôX?SØÃTB6t19RN3{Ú8I@R�G%7�Iºø�7VÖ^I@R�WsM�Ghù�Õ902687



M�W�7h3eÚ81ÞÖ^I@Ú:TB6há¿ÝsR ò �@ôX?¿Ú8H27Å3:021ÞÚ8I@ÔN1ÞÕ91|Úeß»T@ØtÚ8H2193�7V3{Ú:19Ö^I<Ú:TQ6�êtIB3�IQ3:3:7V383�19REÚ:H27�G�TBR`Ú:7��SÚ
T@Ø�5!M¾ÜyÝ�687�ZQ193{Ú:6>I<Ú81ÞTQR¿á�ÒtH2143t7V3{Ú:19ÖºI@Ú:TQ6V?�H2T<ê�7�àQ7�6h?Sê�IQ3�RNT@Ú 3:0�ëPG%197�R`ÚyÚ:T^G%TQÖºÓ2ÕÞ7�Ú:7VÕÞß
J�1938G�IB68J½IBG%Ú:19àLI@Ú:19TBR�WX687�Õ4I<Ú:7hJ¾G�TB686:7VÕ9I@Ú:19TBRN3F1ÞR»Ú8H27º7V3{Ú:19ÖºI@Ú:19TBR»T@ØtÖºT@Ú:19TBR»ÓNIB68IBÖ.7�Ú:7V683Vá
M¨TB687F687VG�7�R`Ú:Õ9ßB?`Úeê�T�R27VêçÖº7%Ú8H2T�J23yJ�7hJ�19GVI<Ú87VJ^Ú8T^5!M¾ÜyÝn687�ZQ193{Ú:6>I<Ú81ÞTQR^ê�7V6:7�Ó268TBÓUTQ3:7VJ
1ÞRÂò ��?��@ô�á

ÝsRîÚ:HN193.ÓNIBÓ�7V6V?!ê�7Å7�à<I@Õ90NI@Ú:7ÅÚ:H27«6:TQÔ20N3{Ú:R27h3:3�T@ØyÚ8H27V3:7ÅÚeê�T½ÕÞ7hIB3{Ú{Ws3:ì`0NIB6:7h3eWXÔNIB3:7VJ
6:7VZB143eÚ868I@Ú:19TBR�Öº7%Ú8H2T�J23�19R¾Ú8H27ºÓ26:7h3{7VRNG%7.T@Ø�IBG�Ú81Þà<I@Ú:19TBR¿á¿ÒtH27�ØæIBG%Ú�Ú:HNI@Ú�Ú8H27ºÓ268TBÓUTQ3:7VJ
Ö.7�Ú:H2T�J23�687�Õ9ßºTBRPÚeê�T�J21|C¢7�687�R`ÚyG%TBÖºÓ202Ú8I<Ú81ÞTQRNI@Õ�ØÃ6>I@Öº7�ê�TB68O�3�?QêyH219G>H«J�1ÞCU7V6�19RPÚ8H27�1ÞR�W
Ú:7�68ÓUTBÕ4I<Ú:19TBRPIBRNJºTBÓ2Ú:19Ö.19èVI@Ú:19TBRP38G>H27�Öº7h3�?QHNIB3nÖ.TBÚ:19à<I<Ú:7hJ.Ú:H27F1ÞR�G%Õ90N3{19TBR^TBØvÚ:H27F6:7h3{0NÕ|Ú>3
TBÔ�Ú>I@19R27VJ«ÔSßÅG�TBRSàB7VRQÚ81ÞTQRNI@ÕvÕ97VIQ3eÚ:WX38ì`0NI@687V3{WXÔNIB3:7VJ^Öº7�Ú:H2T�J23 1ÞÖºÓ2Õ97�Öº7�R`Ú87VJ�02RNJ27�6�7hIBG>H
G%TBÖºÓ202Ú8I<Ú81ÞTQRNI@Õ¢ØÃ6>I@Öº7Vê�TQ6:O¢á�ÒtH27�6:TQÔ20N3{Ú:R27h3:3tTBØ-Ú8H27�J�1ÞCU7V6:7VRQÚ�Öº7�Ú:H2T�J23y143�ïN6>3eÚ�7Và<I@ÕÞW
0NI<Ú87VJ�0N3:1ÞRNZ^Úeê�TPIB6{Ú81|ïUG%14I@Õ¿Ú81ÞÖº7�3:7�68197V3V?NÓ268T�J�0NG%7hJ«1ÞR�TQ68J27�6yÚ8T�3{19Ö�0NÕ9I@Ú:7�IP3:1|Ú80NI<Ú81ÞTQR
êy1|Ú8HPI@ÔN3:7�RNG�7yT@Øv3{0NÔ�Ùe7VG%ÚnÖºT@Ú:19TBR-?BI@RNJºIBR2T@Ú8H27�6�êy1ÞÚ:HºÚ86:027FIBG�Ú81Þà<I@Ú:19TBR�WsG%TQ6:687�Õ4I<Ú87VJ�ÖºTBW
Ú:19TBR¿á<ÒtH27tJ�1ÞCU7V6:7VRQÚ�Öº7%Ú8H2T�J23�I@687�ïNRNIBÕÞÕ9ß�Ú:7h3eÚ87VJ�TQR�Ú8H26:7V7�IQG�Ú:0�I@ÕQÚ:19Ö.7y3:7�681Þ7h3¿TQÔ�Ú8IB1ÞR27hJ
ØÃ6:TQÖ HS02Ö^I@R¨3{0NÔ�Ùe7VG%Ú83t19R�Iº÷QÒ Ö^I@ZQR27%Úhá

� �
	!Ë��¿ÌNÑ�	���
����� �����������������! �"$#%�'&)(*��#%&
ÝsR¨Ú:H2143FÓNI@ÓU7�6h?Nê�7�HNILàQ7�G%TBÖºÓNIB6:7hJ«ØÃTB026F6:7VZB143eÚ868I@Ú:19TBR�Öº7%Ú8H2T�J23�?UêyH214G>H�I@687�TB02Ú:Õ91ÞR27hJ
R27+�SÚ),
óBá.- #/�0&)�1��2�(*�0�3#/&54 - �6�7�'8*9 - �:�<; ázÒtH27�ÕÞ7hIB3{Ú�3:ì`0NIB6:7h3�3{19Öº1ÞÕ4I@681|Úeß½Öº7VIB3:02687^193
G�IBÕ9G�02Õ9I@Ú:7hJ^Ú:HN6:TQ02ZBH^Ú8H27�3{0NÖ T@Ø¿Ú8H27�38ì`0NI@687VJP6:7h3{14J�0NIBÕUJ�1ÞC¢7�687�RNG�7FÔU7%Úeê�7�7VR�àBT3��7VÕ
ÓNI@196>3�?vØÃTQ6�I�ZQ1ÞàQ7�RÂ681ÞZQ19JSWXÔUTSJ2ß�Ú:6>I@R�3eØÃTQ6:Ö^I<Ú81ÞTQR¿?�=�á!52TB6�Úeê�T¨19Ö^I@ZB7h3?>$IBRNJA@P?
ßS1Þ7VÕ9J�19R2ZÅÚ:H27º19R`Ú:7�R�3{1ÞÚeß¨ÓNI@196�T@Ønà<I@Õ9027h3.ð�BU? C%ñ�ØÃTB6�àQT3�S7VÕ*D>?UÚ:HN7�Õ97VIQ3eÚ�3:ì`0NIB6:7h3 G�TQ3{Ú
ØÃ02RNG%Ú:19TBR�193 J�7%ïNRN7VJ�IB3

EGFyð�>IHJ@LKJ=Fñ�MON'P¾ð�> P�Q @SRP ñ = H ðeóLñ

1ÞR^êyHN19G>HT@ RP 193�Ú8H27�687V38I@ÖºÓ2Õ97VJ�à<I@Õ9027�T@Ø¢19ÖºIBZB7U@ I@ÚpàBT3��7�Õ�D!I<Ø£Ú:7V6�Ú:HN7�ZB7VTBÖº7%Ú86:14G
Ú:6>I@RN3{ØÃTB68Ö^I<Ú81ÞTQRV= HNIQ3�ÔU7�7�R�IBÓ2Ó2Õ91Þ7hJvá�ÒtHN7�/*W«687�ZQ193{Ú:6>I<Ú81ÞTQRÅÖº7%Ú8H2T�J23 IB6:7�Ô�IB3:7VJ
TBR�Úeê�TºJ�143eÚ81ÞRNG%Ú�G%TBÖºÓ202Ú8I<Ú81ÞTQRNI@Õ�ØÃ6>I@Öº7�ê�TB68O�3�á`ÒtH27�ïN683{Út0N3{7h3tG%02Ô214G�Ws3:Ó2ÕÞ19R27�1ÞR`Ú87�6:W
Ó�TQÕ9I@Ú:19TBR�ò XLô202RNJ�7V6pIZY�T<ê�7VÕÞÕ`TBÓ�Ú81ÞÖº19èVI@Ú:19TBRº3:G>H27VÖº7�ò [<ôXá@ÒtH2143p/*W�19Ö.ÓNÕÞ7VÖ.7VR`Ú8I<Ú81ÞTQR
êy1ÞÕ9ÕtÔ�7�687%ØÃ7V6:687VJEÚ8T»IQ3�/:W¢óBá�ÒtH27�3:7VG%TQRNJÂÖº7%Ú8H2T�JÁ687�Õ9197V3�TBRîÚ8H27�G%TBÖºÓ202Ú8I<Ú81ÞTQR
T@Ø�7+�2IBG%Ú^1ÞR`Ú:7VRN3:1|ÚeßÁJ27�681Þà<I<Ú81ÞàQ7V3.19RQÚ86:T�J�0�G%7VJÛÔSßÁIE3:1ÞÖºÓ2Õ97«ï0��7VJSWXÓ�TQ1ÞR`ÚP1ÞÚ:7V68I@Ú:19TBR
Öº7%Ú:HNTSJ¿áNÒtH2143�3{7hG%TQRNJÅ/:WÅ1ÞÖºÓ2Õ97�Öº7�R`Ú>I<Ú:19TBR«êy19ÕÞÕ¿ÔU7�687%ØÃ7�68687VJ^Ú8TPIB3y/:W2ö�á
Ò-TFÓ2687�àB7VR`Úz7VIQG>H�Öº7%Ú8H2T�J�ØÃ68TBÖ Ô�7V1ÞRNZ Ú868IBÓ2Ó�7hJ�19R�Õ9T�G�I@Õ`Öº1ÞRN1ÞÖ^I2?<3:ÓNI<Ú819IBÕ`3:ÖºTST@Ú:H2W
1ÞRNZ�143�IBÓ2Ó2Õ91Þ7hJ^19R�ÔUT@Ú:HÅÖº7%Ú:HNTSJN3nÔSßPG%TQRSàBTBÕ9àS1ÞRNZ�Ú:H27�1ÞÖ^IBZB7 êy1ÞÚ:HÅI�÷Bå ø�IB0N3:3:14I@R
OB7V6:R27VÕvêy1|Ú8H¨5*\ éFM à<I@Õ9027�3{7�ÚyÚ:TT[.Ö.Ö�á

ö�á.] #/9:��^_���)#/9 - #/�0&��1�`2�(:����#/&54 ]V- �*; á!ÒtH2143�143�Ú8H27P687�ZB143{Ú:6>I<Ú:19TBR»Öº7%Ú8H2T�J»Ú:HNI@Ú
1ÞÖºÓUTQ3:7V3�Ú:H27�3{Ú:6814G�Ú:7h3eÚ�J�T<êyR�WXê�7V1ÞZQHQÚ81ÞRNZ.TBØ�àBT3��7�Õ43�Ú:HNI@Ú ÓUT@Ú:7VR`Ú:14I@Õ9ÕÞß«Ô214IB3yÖºT@Ú81ÞTQR
7V3{Ú:19Ö^I<Ú:7h3�áBÝXÚ�687�Õ9197V3�TBR^I�J�7hJ�19GVI<Ú87VJ.I@Ó2Ó268TQIQG>H¿?LêyH214G>H�6802RN3�TQR.IFÚeê�T@Ws3eÚ>I@ZQ7�687�ZQ193{W
Ú:6>I<Ú81ÞTQR¿á õ Ø£Ú:7�6zÚ:HN7pïN6>3eÚ!3eÚ>I@ZB7Q?�êyH214G>H�143¿14J�7�R`Ú819GVI@Õ@Ú8TF/:W¢óB?hIy6:TQ02ZBH�Ö^IQ3{O�1ÞR`Ú87�RNJ�7hJ



Ú:T�19RNG�ÕÞ0NJ27 I@Õ9Õ�IQG�Ú:19à<I<Ú87VJ^I@687VIQ3�?<143pTQÔ�Ú8IB1ÞRN7VJvá`å 026819R2Z�Ú:HN7 3{7hG%TQRNJºÖºT@Ú:19TBR^7h3eÚ81ÞÖ^I@W
Ú:19TBR¿?`Ú8H27FàQT3��7�Õ43p19RN3{14J�7�I�J�19Õ4I<Ú:7hJPàQ7�6>3{19TBR^TBØ¿Ú:H27�IBG%Ú:19à<I<Ú:19TBR�ÖºIQ3{O^IB6:7�J�1938G�IB68J27VJ
ØÃ6:TQÖ$Ú8H27�GVI@Õ4G%02Õ4I<Ú81ÞTQR«TBØ�Ú:H27.3{19Öº1ÞÕ4I@681|ÚeßÅÖº7VIB3:02687Bá2ÝXÚ�3{H2TQ02Õ4J�Ô�7�RNT@Ú:7hJ«Ú:HNI@Ú Ú8H2193
Ö^IB3:OPÖ^ILß^1ÞRNG�ÕÞ0�J�7�3{TQÖ.7�3:Ó202681ÞTQ0N3tIBG%Ú:19àLI@Ú:19TBRN3t3{Ú:7VÖ.Öº19R2ZºØÃ68TBÖ I.Ô214IB3:7VJÅ1ÞR21ÞÚ:14I@Õ
ÖºT@Ú:19TBR½G%TB68687VG�Ú81ÞTQR¿?NêyHN19G>H¾3:HNIBÕÞÕ!R2T@Ú�ÔU7�IPÓN6:TQÔ2ÕÞ7VÖ'1|Ø�3:Ó2026819TB0N3FIBG�Ú81Þà<I@Ú:19TBRN3�I@687
R2T@Ú�Ú8TST¨êy19J�7Qá õ RE19ÕÞÕ90N3{Ú:6>I<Ú81ÞTQR½TBØtI¨J�1438G�I@6>J�19R2Z«ÖºIQ3{O¾193�ÓN6:T<àS14J�7VJ½1ÞRÂ5!19ZB02687�ó
����������	 á

÷2á �`��� (:� � �08:#�
 (:&� #�� ��&)������� ��
 8 �08:9�� ^ �)���0���)��
<8 ] #%�)#/^ � ��
 8 4!����� ; á�ÒtHN7
ØÃTB026:Ú:H�Ö.7�Ú:H2T�J^143nÚ:H27ZW�Ü õ ?`êyH214G>H�I<Ú:Ú:7VÖ.Ó2Ú83nÚ:T�T<àQ7�6>G%TQÖ.7�Ú8H27FÓN6:TQÔ2ÕÞ7VÖ TBØ¿IBG�Ú81|W
à<I<Ú:19TBR.Ô214IB3�ÔSß�19RNG�TB68Ó�TQ68I@Ú:19R2Z�Ú8H27y7%C¢7VG%Ú83�TBØNÚ:HN7�IBG�Ú81Þà<I@Ú:19TBR.1ÞR`Ú:T�Ú8H27y6:7VZB143eÚ868I@Ú:19TBR
Ó268TBÔ2Õ97�Ö�á
/¿7hIB3{Ú{Ws3:ì`0NIB6:7h3P687�ZB143{Ú:6>I<Ú:19TBR+19RSàBTQÕÞàQ7V3�ïNRNJ�19R2ZãÚ:H27EÖºT@Ú81ÞTQRçÓNIB68IBÖ.7�Ú:7V683�� Ú:HNI@Ú
Öº1ÞR219Öº1ÞèV7pÚ8H27�3:02Ö T@Ø238ìQ0�I@687VJ�J�1ÞCU7V6:7VRNG%7h3¿ÔU7%Úeê�7�7VR�Ú:H27nàBTBÕ902Öº7V3*>ÁIBRNJ @Pá�� 3:1ÞRNZ
I.ÕÞ19R27VIB6�I@Ó2ÓN6:T3��19ÖºI@Ú:19TBR�Ú:T.Ú:H27�ÖºTBÚ:19TBR«Ú:6>I@RN3{ØÃTB68Ö^I<Ú81ÞTQR¿?`Ú:H2143yÖº7VIBRN3y3{TQÕÞàS19R2Z

> M @������*H ð�öQñ
1ÞR�Ú:H27�Õ97VIB3{Ú{Ws38ìQ0�I@687V3p3:7�RN3:7B?`êyH27V6:7 Ú:H27�Ö^I<Ú:681 ��� 193nÚ:H27�J�7V6:19à<I<Ú:19àB7FT@ØvÚ8H27 Ú868IBRN3{W
ØÃTB68Ö^I<Ú:19TBR«êy1ÞÚ:H¨687V3:Ó�7hG�ÚyÚ:T.Ú8H27�ÖºT@Ú81ÞTQR«Ó�I@6>I@Öº7%Ú87�6>3�áSÝsR«Ú:H2143�GVIB3:7B?NG�TBRN3:19J27�6tÚ:HN7
àBTQÕÞ02Öº7h3 > I@RNJL@ Ú:T�Ô�7�G%TBÕ902ÖºRPàQ7VG�Ú8TB6>3�á/WS19Ö.19Õ4I@68ÕÞßQ?@Ú:HN7 ØÃTQ6:Ö�02Õ9I@Ú:19TBR^TBØ-IBG�Ú81Þà<I@W
Ú:19TBR¨J�7�Ú:7VG%Ú:19TBR�0N3:1ÞRNZ�Ú8H27�ZB7VR27�6>I@Õ¢Õ91ÞRN7VI@6yÖºT�J�7VÕ�?

> M @�� �"! H ðæ÷`ñ
ÕÞ7VRNJ23F1|Ú>3{7VÕ|ØnÚ:TÅ3:TBÕ9àS1ÞRNZPØÃTB6 Ú:H27ºG%TS7�ë^G�1Þ7VR`Ú83FT@ØnIBG%Ú:19à<I<Ú:19TBR-?#�¢?U1ÞR»I^ÕÞ7hIB3{Ú{Ws3:ì`0NIB6:7h3
3{7VRN3:7Bá�é 7�687B? > IBRNJ @$GVI@R�ÔU7�Ú8H2TB02ZQH`Ú T@ØnIQ3�àBT3��7VÕvÚ:19Öº7�3:7�681Þ7h3 3{Ú:TB687VJ¨IQ3�68T<êtW
àB7hG�Ú:TQ683V?@êyH219Õ97$!�H2TQÕ9JN3�Ú:HN7F3{Ú:19Ö�02Õ90N3�6:7VZB687V383{TQ683�19RP1ÞÚ83�6:T<ê�3Vá_WS19RNG%7 Ú:H27FàBTQÕÞ02Öº7h3
I@687Å3{Ú:TQ6:7hJE1ÞRÛG%TBÕ902ÖºRN3V?!IBRNJîàQT3��7�ÕpÚ81ÞÖº7�3{7V6:197V3�I@687Å3{Ú:TQ6:7hJE1ÞRã6:T<ê�3V?zIBRî7�R`Ú:19687
J2I<Ú>IB3:7%Ú�G�I@R Ô�7E3{Ú:TB687VJ 1ÞR IÁ3:1ÞR2ZQÕÞ7½Ö^I<Ú:681 �¢á%� 3:19R2ZÁÚ8H2143ÅRNT@Ú8I@Ú:19TBR¿?tI@R 5�M�ÜyÝ
J2I<Ú>IB3:7%ÚtG�I@R�Ô�7�ÖºTSJ27�Õ97VJPIQ3�I�ÔNIB3:7�Õ91ÞRN7FJ2I@Ú8IB3:7%Ú�ð�@.ñ�?SÓ2Õ90N3�I�ÖºT@Ú:19TBRÅG%TBÖºÓUTBR27VR`Ú
ð���&½ñ%?2Ó2Õ90N3�IBR«IQG�Ú:19à<I<Ú81ÞTQR«G�TBÖºÓ�TQR27�R`Ú�ð�'(!¾ñ�á�é�7�R�G%7B?Nê�7�HNILàQ7FÚ8H27�ÖºT�J�7�Õ ,

> M @)�*��&+��',!.- ð �Sñ
õ ÕÞ7hIB3{Ú{Ws3:ì`0NIB6:7h3F3:TBÕ90�Ú81ÞTQRÛð�& H/'�ñ�GVI@R»7VIQ3{19ÕÞß¨ÔU7ºØÃTB0NRNJ¾0�3{19R2Z�Ö^I<Ú:681 ��ØæIBG%Ú:TB6819R2Z
Ú:7hG>H2R214ìQ0N7V3.TB6�Ô`ßîIBRî1ÞÚ:7�6>I<Ú81ÞàQ7�Öº7%Ú8H2T�Jvá�é�T<ê�7�àQ7�6h?-1ÞÚºGVI@RîÔU7«3:H2T<êyRÂÚ8HNI<Ú.Ú:HN7
3{TQÕÞ02Ú:19TBR�143!R2T@Ú�02R214ì`027Bá õ J2J�19R2Z�I�687�ZB0NÕ9IB6:19èVI@Ú:19TBR�G%TQRN3{Ú:6>I@19RQÚzÚ:HNI@ÚzØæILàQTB026>3-3:ÓNIB683:7
IBG%Ú:19àLI@Ú:19TBR«Ö^I@ÓN3yH�IB3tÔU7�7�R¨3:H2T<êyRPÚ8T^ê�TQ6:O^TQR«3:19Ö�02Õ4I<Ú87VJ�5�M�ÜyÝtJ2I<Ú>IB3:7%Ú83�ò �<ôXá

0 1 �*�`Ð¢Ì�Ñ32�Ë2Ñ{ÍnÊ$Í54^Ë76U�98;:%2 �-ÌNÑ=< �-Ê�Ë0�
>`��� ?."@��AI�0^_2�(*��&)���)��
<8:&
\½7�HNILàB7F0N3:7VJPI�3{7�Ú�TBØ¿Ú:H2687�7�5�M�ÜyÝn3{Ú:0NJ21Þ7h3�?�G%TQ6:687V3:ÓUTBRNJ�19R2Z�Ú8T�Ú8H26:7V7�J21|C¢7�687�R`Ú�3:02Ô�W
Ùe7VG�Ú>3�ávÒtH27.19ÖºIBZB7h3 ê�7�687�IQG�ì`02196:7hJ¨TBR¾I«ä�6:0NOB7�6�3:GVI@R2RN7�6�TBÓU7�6>I<Ú:19R2Z«I<Ú�÷QÒ�áCB�TBÕ902Öº7
ZB7�TQÖº7%Ú:68ß�193ºð�� �ED [GFHD ó)[N?U÷Ná X �PÖºÖIDç÷Ná X �PÖºÖID �2á FGFPÖºÖPñ�á õ Ô2Õ9T�G>O¨J�7V3:1ÞZQR
ê�IQ3�0N3:7VJÁÚ:TEIB383:7V383�àS143{0NIBÕ�IQG�Ú81Þà<I<Ú81ÞTQR¿?�1ÞRÛêyH214G>HîÚeê�T¾Ú>IB3:O�3�ê�7�687Å687�ÓU7VI@Ú:7hJ�ÕÞßÂÓN6:7�W
3{7VRQÚ87VJ«Ú8T�3{0NÔ�Ùe7VG%Ú83tØÃTQÕÞÕ9T<êy1ÞRNZPI^Ô�T3�SWsG�IB6�J�7V3:1ÞZQR¿áKJ�IBG>H«Ú8IQ3{OÅHNIBJ¨I^J�0N68I@Ú:19TBR�T@Øyó)[^3
ðæG%TQ6:687V3:ÓUTBRNJ�19R2Z�Ú:T�LºàBTQÕÞ0NÖ.7h38ñ%?2I@RNJÅêtIB3t687�ÓU7VI<Ú87VJ½óMF�Ú:19Öº7V3V?2ßS1Þ7VÕ9J21ÞR2Z�ó [GF�1ÞÖ^I@ZQ7V3Vá



5 10 15 20 25 30 35
0

0.2

0.4

0.6

0.8

1

Frame number

P
ro

fi
le

Profile

����� ¸��S¸���	�
������� q8�QiV��¦QjgqtfVu¢cewQqy�y� ¥ �Qdg�sb�i%r{�.��iV����¼pd�cewºcew`qtq8�Xced|��i%ceq��ºi�b8cedg�hi%ceq���req>�Vd|fVa`�
i�aS��iVb:ced|�Vi�cedgfVaF��i����tfh Bc{iVdga`q��y <���Bd|j|i%ced|fVaFf�uSi�b8cedg�hi%ceq��yreq>�hdgfhaQ�>� ��������������� iVb8cedg�Vi�cedgfha ¦Qref�ÀSjgq
_Q�sq���cef��hq>aQq8r{i�ceqycew`q��sd|�F_`j|i�ceq>��cedg��qt�sq8redgq>�>�

>`� � � �"! #%������#/8 �)&$#T� �&% ����� (:����� #%9('?����# �`#%����#/&
"@
'� ��
 8*��#/&)&?����� (*�����)#/9)'?����# �`#%����#/&+* ÒtH27 7Và<I@Õ90NI<Ú81ÞTQR^T@ØvÚ:HN7FJ�1ÞCU7V6:7VR`Ún6:7VZB143eÚ868I@W
Ú:19TBR�Öº7%Ú8H2T�J23!193-ïN6>3eÚ!Ó�7V6{ØÃTQ6:Öº7hJ�0N3:1ÞR2ZFI@R�IB6{Ú81|ï�G�19IBÕBÚ81ÞÖº7�3{7V6:197V3!J�7V3:19ZBR27hJ�Ú:TF3:19Ö�02Õ4I<Ú87
I@RÅIQG�Ú81Þà<I<Ú81ÞTQR�Ó268T�G%7h3:3�1ÞRÅÚ:HN7�IBÔN3:7�RNG�7FTBØz3{0NÔ�Ùe7VG%Ú�ÖºT@Ú81ÞTQR¿á2ÒtH2143�ê�IQ3�J�TQR27�ÔSßPJ�02Ó2Õ91|W
G�I<Ú81ÞRNZ.I�6:7�ØÃ7�687�RNG�7F19Ö^I@ZB7 ØÃTB6:Úeß.Ú:19Ö.7h3yI@RNJÅIBJ2J21ÞR2Z.I@R«IBG�Ú81Þà<I@Ú:19TBR�WXÕÞ19OB7�3{19ZBR�I@Õ¢G>HNI@R2ZQ7
Ú:T�3:TBÖº7�àBT3��7VÕ93y19R¨TB6>J�7V6yÚ:TPÖº19Öº19G�I�G%TBZQR21ÞÚ:19àB7�IBG%Ú:19à<I<Ú:19TBR�Ó268T�G%7h3:3VáNÒtH27�IQG�Ú81Þà<I<Ú81ÞTQR
Ú:19Ö.7�ÓN6:TBïNÕÞ7�143�3:H2T<êyR�19R¨5z19ZB0N6:7ºó �-,�.�/10"� 	 á

ÒtH27^IBJ2J�7hJ½IQG�Ú81Þà<I<Ú81ÞTQR½Ó�I<Ú{Ú87�68R½êtIB3�TQÔ�Ú8IB1ÞR27hJ¾0�3{19R2Z W�YnMLGL2?vI@Ø£Ú:7�6�687V38I@ÖºÓ2Õ919R2Z
Ú:H27�ïN6>3eÚ�IBG%Ú:0NIBÕ`Ú:19Ö.7y3:7�681Þ7h3!êy1|Ú8H./:W¢ó�ÖºTBÚ:19TBR.7V3{Ú:19ÖºI@Ú:7h3�ðÃÚ:H27yIQG�Ú:19à<I<Ú81ÞTQR�ÓNI@Ú{Ú:7V6:R.HNIQ3
I.3:19è�7�T@Ø:�Ná X+2 T@ØzÚ:H27�Ô26>I@19R�I@RNJPÚ:H27�Öº7VIBR«IQG�Ú81Þà<I<Ú81ÞTQR�Õ97�àQ7�ÕvêtIB3t3{7�ÚtÚ:TPö+2 TBØzÔ26>I@19R
Ö.7hI@RPà<IBÕÞ027Lñ�áSÒ-T�3{19Ö�02Õ4I<Ú87yÚ:HN7F7�CU7hG�Ú83�T@Ø¢Ú8H27�68Ö^I@ÕUR2TB143{7Q?QÜy14G%14I@R�R2TB143{7 ê�IQ3nIBJNJ�7VJ.Ú8T
Ú:H27.J2I<Ú>IB3:7%Ú ÔSß�I@Ó2Ó2Õ9ßS1ÞRNZÅø�I@0N383:19IBR¨R2TB143{7Åðæ3{Ú8I@R�J2I@6>J¨J�7�àS14I<Ú81ÞTQR¨T@Ønö+2$T@Ø�Ú8H27�Öº7VIBR
Ô268IB1ÞR¨à<IBÕÞ027LñtÚ8T�ÔUT@Ú:H�Ú:H27�6:7hI@ÕzIBRNJ¨19Ö^I@ZB19RNIB6:ß«G%TBÖºÓUTBR27VR`Ú83VáUÒtH27�ØÃTB026�6:7VZB143eÚ868I@Ú:19TBR
Ö.7�Ú:H2T�J23�I@687�Ú8H27�RîIBÓ2Ó2Õ91Þ7hJvá-5NTB6�7hIBG>H»6:7VZB143eÚ868I@Ú:19TBR¾Öº7�Ú:H2T�Jv?zê�7^I@Õ43:T�G�TBÖºÓ20�Ú87^Ú:HN7Y�7VI@6>3:TBR43 3tG%TB68687�Õ4I<Ú:19TBR«G%TS7%ëPG�1Þ7VRQÚFT@Ø!Ú:H27I�º7h3eÚ81ÞÖ^I@Ú:7VJ�ÖºTBÚ:19TBR�ÓNI@6>I@Öº7�Ú:7�6>3têy1ÞÚ:H�Ú:HN7
G%TBZQR21ÞÚ:19àB7�Ú8IB3:O�Ó268T@ï�ÕÞ7Qá¿52TB6�Ú8H27På�/*W½Öº7%Ú:HNTSJ¿?vÚ:H27PIQG�Ú81Þà<I<Ú81ÞTQR½Ö^IQ3{O�êtIB3�TQÔ�Ú8IB1ÞR27hJ
Ô`ßÅ3eÚ>I<Ú:143{Ú:14G�I@Õv19R�ØÃ7V6:7VRNG%7�TBØ-Ú:HN7�6:7h3:IBÖ.ÓNÕÞ7hJÅ3:1ÞÖ�02Õ4I<Ú:7hJÅÚ:19Ö.7�3:7�68197V3V?SIQG�G�TB6>J�1ÞRNZ�Ú8T�ò �<ô�á

ÒtH27�6:7h3{02ÕÞÚ83yØÃTB6tÚ:HN7�3{19Ö�02Õ4I<Ú87VJÅÚ:19Öº7�3{7V6:197V3yIB6:7�Ó2687V3:7�R`Ú87VJÅ1ÞR¨5!1ÞZQ02687�ö2áUDFR27�G�IBR
3{7V7�Ú:H�I<Ú�Ú:H27ºåF/:W¾IBRNJ�Ú8H27 W2Ü õ 6:7VZB143eÚ868I@Ú:19TBR�Öº7%Ú:HNTSJN3�GVI@R½7%C¢7VG�Ú81ÞàQ7�Õ9ß�6:7hJ�0NG%7�Ú:HN7
Ô219IQ3�1ÞREÖºT@Ú81ÞTQR½7h3eÚ81ÞÖ^I@Ú:7V3�19R`Ú:68T�J�0NG%7hJ»Ô`ß�Ú:H27^Ó2687V3:7�R�G%7ºT@ØtIBG�Ú81Þà<I@Ú:19TBR¿á�WS0NÔN3eÚ>I@R`Ú:14I@Õ
6:7hJ�0NG�Ú81ÞTQRN3t19RÅÚ8H27�G%TQ6:687�Õ4I<Ú81ÞTQR�G%TS7�ë^G�1Þ7VR`Ú83�GVI@R�I@Õ43{T.Ô�7�TQÔN3:7�68àB7VJ�1ÞR¨Ò!I@Ô2Õ97ºó ����������	 á�`��� (:����� #/95'?����#5�`#%����#/&6#T� �1%7' �3(:#98 
<�3��#%�����)#/9 " 
'� ��
 8:* ÒtH27P7VÕ9IBÔ�TQ68I@Ú:19TBR
T@Ø�Ú:H2143P3:1ÞÖ�02Õ4I<Ú:7hJÛÚ:19Öº7¾3{7V6:197V3º143�3:19Ö.19Õ4I@6^Ú8TEÚ:H27�ÓN6:7Và`19TB0�3ºTBR27Q?n7+�2G�7�Ó�Ú^Ú8HNI<ÚPÚ86:0N7
IBG�Ú81Þà<I@Ú:19TBR�WsG%TQ6:687�Õ4I<Ú87VJ«ÖºT@Ú:19TBR¨êtIB3FIBJ2J27VJvá¢ÒtH2143 143 RNT@Ú�IBR�02RNG�TBÖºÖºTBR¾3:1ÞÚ:0NI@Ú:19TBR�19R
6:7hI@ÕF3{Ú:0�J�1Þ7h3½ðÃØÃTB6Å1ÞRN3{Ú8IBRNG%7Q?�1ÞØ�Ú:HN7½3:02Ô�Ùe7VG%ÚÅ143ÅIQ3{OQ7VJÛÚ8TÁ3{ÓU7VIBO2ñPI@R�Jv?�19R+ØæIQG�ÚV?�Ú:HN7
G%TBR�3{7hìQ0N7�RNG�7V3�TBØvI�Ó�TSTB6�I@Õ91ÞZQR2Öº7�R`ÚnÖ^ILß�ÔU7FJ21938IB3{Ú:68TB0N3p1ÞRºÚ8H2193�3:1|Ú80NI<Ú81ÞTQR¿áQÒtH27F3{19Ö�0�W
Õ9I@Ú:7VJ.Ú86:0N7�G%TB68687�Õ4I<Ú:7hJ�ÖºTBÚ:19TBR¿?QêyH219G>HPG�TBÖºÓ268193:7V3!Ú868IBRN3:Õ9I@Ú:19TBRN3�19R��ÅIBRNJ �.J�19687VG�Ú81ÞTQRN3V?
ØÃTBÕ9ÕÞT<ê�3�Ú:HN7�38I@Öº7�Ó268T@ïNÕ97�IB3�Ú:HN7�IQG�Ú81Þà<I<Ú81ÞTQR¿?�êy1ÞÚ:H«ÖºI ��1ÞÖ�02Ö$I@ÖºÓ2Õ91ÞÚ:0NJ�7�19R�Ô�TBÚ:H�J�1|W
6:7hG�Ú:19TBR�3�T@Ø ö«ÖºÖ�á-ÝsRÂTB6>J�7V6�Ú:T�Öº19R219Ö.19è�7�1ÞR`Ú:7V6:ÓUTBÕ4I<Ú81ÞTQR�WX6:7VÕ9I@Ú:7VJ»I@6:Ú:1ÞØæIBG%Ú83V?-52TQ02681Þ7V6
1ÞR`Ú:7V6:ÓUTBÕ4I<Ú81ÞTQR½19R);`WX3:ÓNIQG%7.ê�IQ3�0N3{7hJv?vêyH214G>HE193�19RÂIBG�G�TB6>J2I@R�G%7�êy1ÞÚ:H»Ú8H27�öLWså�ð �

Q
�

Ó2Õ9IBR27hñt3:19ZBRNIBÕ¢IQG�ì`02143{1ÞÚ:19TBR«Ó268T�G%7V383Vá



0 5 10 15 20 25 30 35 40
−0.04

−0.03

−0.02

−0.01

0

0.01

0.02

Frame number

E
rr

o
r 

in
 T

y 
(m

m
)

Error in Ty

LS1 (r = 0.94)
LS2 (r = 0.93)

0 5 10 15 20 25 30 35 40
−0.04

−0.03

−0.02

−0.01

0

0.01

0.02

Frame number

E
rr

o
r 

in
 T

y 
(m

m
)

Error in Ty

DLS (r = 0.19)
SRA (r = 0.3)

0 5 10 15 20 25 30 35 40
−0.02

−0.01

0

0.01

0.02

0.03

0.04

0.05

Frame number

E
rr

o
r 

in
 R

x 
(d

eg
)

Error in Rx

LS1 (r = 0.92)
LS2 (r = 0.91)

0 5 10 15 20 25 30 35 40
−0.02

−0.01

0

0.01

0.02

0.03

0.04

0.05

Frame number

E
rr

o
r 

in
 R

x 
(d

eg
)

Error in Rx

DLS (r = 0.14)
SRA (r = 0.16)

����� ¸��N¸ l�q8�hdg�Xcsr{i�cedgfha^q:rsrefVre�pu4fVrncew`q�¦Si�r{i���q8ceq8re�����FiVa`���	�Fu9fVrncew`qy��fVcedgfVaQ�Ãu9req>q��sd|�F_`j|i�ceq>�
cedg��qt�sq:red|q8�>��¬�r{i�¦`w`��req8u9q8rpcef�� ¥ ��i�aS�.� ¥ ª�
�� 
���� iVa`��cef��t� ¥ i�aS� ¥ l�°Á��q8cewQf@�Q��
�� �������� �

Üy7V3:02ÕÞÚ83!I@687pÓ2687V3:7�R`Ú:7hJ�1ÞR�5z19ZB0N6:7�÷yÔSß�3:02Ô�Ú868IQG�Ú81ÞR2Z Ú:H27nÚ:68027nÖºTBÚ:19TBR�ØÃ68TBÖ Ú:HN7�GVI@ÕÞW
G%02Õ4I<Ú87VJÅÖ.TBÚ:19TBR�WsG%TQ6:687VG%Ú:19TBR^ÓNIB68IBÖº7%Ú:7V683�I@R�J�3:H2T<ê+Ú:H�I<ÚtÔ�TBÚ:H�åF/:W�IBRNJ W2Ü õ Ö.7�Ú:H�W
TSJN3 I@687�3:1ÞZQR21|ïUG�I@R`Ú8ÕÞßÅ6:TQÔ20N3{ÚyÚ:T�IQG�Ú:19à<I<Ú81ÞTQR¨Ó26:7h3{7VRNG%7QáNÒtH27�3:02ÖºÖ^I@68ß�TBØ�G�TB686:7VÕ9I@Ú:19TBR
G%TS7%ëPG%197�R`Ú>3t193yÓN6:7h3{7VRQÚ87VJÅ1ÞR¨Ò!I@Ô2Õ97ºó � ,�.�/ 0���	 á

¦Si%r{iV�º�`� ¥ ��� ¥ ª��t� ¥�¥ l�° � ¥ ��� ¥ ª��t� ¥�¥ l�°
� � �@�g�%ªF�@�g���º�@� �V�E�B�g�>� �@� ª����@� ���^�B�g�>�E�B�g���
� � �@� �V���@� �h�º�@�|�>�E�B� �V� �@� �����@� ���^�B�g�>�E�B� �h�
��� �@� �h���@� �V�º�@� ª��»�B�g�V� �@� �hªF�@� ���º�B� ���E�B� �L�
�	� �@� �LªF�@� �B���@�|�8�Â�B�g�>� �@� �@�y�@� ���^�B� ª<���B� �h�
� � �@� ªV���@� �V�^�@�|�>�E�B�g��� �@� �h���@� �@���B� �h�»�B� ªV�
�	� �@� �h���@� ���º�@�|���»�B� ª�� �@� ª����@� ª%�^�B� �V�E�B� ªhª

� ¶Q²���� �S¸ o!f�rsreq>j|i�cedgfha.�hi�j|_Qq>�zu9fVr�cewQq���f�cedgfha`jgq>�s���sdg�F_`j|i�ceq���cedg��qn�sq8redgq>� � � 
����� }BiVa`��u9fVr�cewQq
�sdg�F_`j|i�ceq���cedg��qt�sq8redgq>�p¼pdgcew�csre_`qyi�b8cedg�hi%ced|fVaQ�æb>f�rsreq>j|i�ceq��º��f�ced|fVa � � ��������� �

>`� > � �"! #%������#/8 �)&$#T� �&% �1%*#.�V#/�0� '?����# ��#%�3��#/&
ÒtH27�ØÃTQ026Å687�ZQ193{Ú:6>I<Ú81ÞTQR+Öº7%Ú:HNTSJN3Åê�7�687¾IBÕ93:TÁI@ÓNÓ2ÕÞ197VJ Ú:TÁÚ:H2687�7»IBG�Ú80NI@ÕFÚ:19Öº7»3:7�68197V3Vá
52TB6�Ú:H27h3{7�JNI<Ú8IQ3{7�Ú83V?�Ú:HN7�IBG%Ú:19àLI@Ú:19TBR¨Ó268T@ï�ÕÞ7�0N3:7VJ«Ú8TPG%TQÖ.ÓN0�Ú:7�G�6:T`3:3{WsG%TB68687�Õ4I<Ú:19TBR�ê�IQ3
TBÔ�Ú>I@19R27VJ¾Ô`ß�G�TBRSàBTQÕÞàS19R2Z^Ú8H27.Ú8IB3:O�Ú:19Öº1ÞRNZÅêy1ÞÚ:H½Ú:H27LW�Y�M LGL�H27�ÖºT�J�ßSRNIBÖ.14G�Ö.T�J�7VÕ�á
õ ÖºT<à`19R2Z�ILàQ7�6>I@ZB7.êtIB3�687�ÖºT<àB7hJ½ØÃ6:TQÖ�Ú:HN7P7V3{Ú:19Ö^I<Ú:7hJEÖºT@Ú:19TBRÂÓ�I@6>I@Öº7%Ú87�6>3�Ô�7�ØÃTB687
G%TBÖºÓ202Ú:19R2Z�Ú8H27�G%TB68687�Õ4I<Ú:19TBR^19R«TB6>J�7�6nÚ:TºJ�1938G�IB68J�3{Õ9T<ê ÖºT@Ú81ÞTQR^Ú:687�RNJN3�áSÝsRPÚ8H27�G�IQ3{7FT@Ø
Ú:H27.åF/:W¨Öº7%Ú8H2T�Jv?NÚ8H27�RS02Ö�Ô�7V6FTBØnIBG%Ú:19àLI@Ú:7hJ�àBT3��7�Õ43�19R¨Ú:HN7�Ú:HN6:7V7�Ö^IB3:O«G�TBÖºÓ268193:7VJ¿?
6:7h3{ÓU7VG%Ú:19àB7�Õ9ßB?vó L 2�?NöBö 2ÆI@R�J¾ó [ 2 TBØzÚ8H27�Ô26>I@19R«3:1ÞèV7Bá



0 5 10 15 20 25 30 35 40
−0.04

−0.03

−0.02

−0.01

0

0.01

0.02

Frame number

E
rr

o
r 

in
 T

y 
(m

m
)

Error in Ty

LS1 (r = 0.94)
LS2 (r = 0.94)

0 5 10 15 20 25 30 35 40
−0.04

−0.03

−0.02

−0.01

0

0.01

0.02

Frame number

E
rr

o
r 

in
 T

y 
(m

m
)

Error in Ty

DLS (r = 0.13)
SRA (r = 0.00093)

0 5 10 15 20 25 30 35 40
−0.02

−0.01

0

0.01

0.02

0.03

0.04

Frame number

E
rr

o
r 

in
 R

x 
(d

eg
)

Error in Rx

LS1 (r = 0.91)
LS2 (r = 0.94)

0 5 10 15 20 25 30 35 40
−0.02

−0.01

0

0.01

0.02

0.03

0.04

Frame number

E
rr

o
r 

in
 R

x 
(d

eg
)

Error in Rx

DLS (r = 0.21)
SRA (r = 0.31)

����� ¸��N¸ lnq>�Vd|�Xcsr{i%cedgfha�q8rsrefVre��u9fVrtcewQq�¦Si�r{i���q8ceq8re� ����iVa`� �	��u9fVrtcewQq��sd|�F_`j|i�ceq>�^cedg��q��sq8redgq>�
¼pd�cew.csre_Qq�b>f�rsreq>j|i�ceq��º��f�cedgfha 
4csre_Qqt��fVcedgfVa�¼�iV�preq>��f%�Lq��  �Q¬�r{i�¦`wQ��req8u4q8rpcef�� ¥ �tiVaS��� ¥ ª

�� 
� �� iVaS��cef��y� ¥ iVa`� ¥ l�°î��q8cew`f@�B� 
�� �������� �

ÒtH27�6:7h3{02ÕÞÚ83tTQÔ�Ú8IB1ÞRN7VJ«êy1|Ú8H«Ú:H27�Ú8H26:7V7�IBG�Ú80NI@Õ¢Ú81ÞÖº7�3:7�68197V3tI@Õ43{Tº19RNJ�14G�I@Ú:7�Iº6:7hJ�0NG%W
Ú:19TBR�19R�Ú:HN7�G%TQ6:687�Õ4I<Ú81ÞTQR�Ô�7�Úeê�7V7�R�Ú8H27nÖºT@Ú81ÞTQR�7V3{Ú:19Ö^I<Ú87V3-IBRNJ�Ú8H27�IQG�Ú:19à<I<Ú81ÞTQR�ÓNI@6>IBJ�19ZBÖ
ØÃTB6�Ú8H27�å�/*W¨IBRNJ W�Ü õ áUÒtHN193 193 ÓNI@6:Ú:14G%02Õ4I@68Õ9ßPàS193:1ÞÔNÕÞ7�19R¨Ú8H27�����ðæIBRNJ����`ñtÓNIB68IBÖ.7�Ú:7V6
ðæ3:7�7�5!1ÞZQ02687 �Sñ�á�ù�TQ6:687�Õ4I<Ú81ÞTQR�à<I@Õ9027V3yIB6:7�Ó2687V3:7�R`Ú87VJP19R¨ÒzIBÔ2Õ97�ö�á
52TB6�Ú:H27ÅïN6>3eÚºIBG%Ú:0NIBÕpÚ:19Öº7«3:7�68197V3V?-TBRN7ÅG�IBRÁ3:7�7PÚ8HNI<Ú�Ú:H27�J�1ÞCU7V6:7VR`Ú�Öº7%Ú8H2T�J23�J2T

R2T@Ú�ZQ7�R27V68IBÕÞÕ9ß�I@ZQ6:7V7�19R»Ú:H27^7h3eÚ81ÞÖ^I<Ú81ÞTQRET@Ø	�
�½ð�I@RNJ��
�Lñ�Ó�I@6>I@Öº7%Ú87�6^ðæ3:7�7P5!19ZB02687 �`ñ�á
ÒtH2193 7%C¢7VG%ÚV?NêyHN19G>H¨143 IBÕ93:TºTBÔN3:7�68àB7hJ�ØÃTQ6yÚ:HN7�T@Ú8H27�6yÚeê�T^Ú81ÞÖº7�3:7�681Þ7h3�?NÖºILßÅÔ�7�J�027�Ú8T
Ú:H27�ØæIBG%Ú Ú:H�I<Ú Ú8H27.Ö.7�Ú:H2T�J23�J�TÅR2T@Ú�3{H�I@687�Ú:H27.3:IBÖº7�G%TQÖºÓ20�Ú8I@Ú:19TBRNIBÕ¿ØÃ6>I@Öº7�ê�TB68O¢?�IQ3
Ö.7VR`Ú:19TBR27hJ«IBÔ�T<àQ7Bá

¦Si%r{iV�º�S� ¥ ��� ¥ ª��y� ¥�¥ l�° � ¥ ��� ¥ ª��t� ¥�¥ l�° � ¥ ��� ¥ ª��y� ¥�¥ l�°
��� �@� ªh�F�@� ª��^�@� ªV�»�B� � � �@�|��� �@� ª �º�B� ª%�Â�B�g�h� �@� �V���@� ���º�B� �h�Â�B� � �
��� �@� ���F�@� �L�º�@�|���»�B� � � �@� �V� �@� �@���B� ªV�»�B�g��� �@� �h�F�@� �L�.�B� ª��Â�B� ���
� � �@� �L���@�g�>�^�@�|�8�Â�B� �@� �@� �V�F�@� �Lªº�B� ª��E�B�g�	� �@� �����@� �Lª.�B�g�V�¾�B� �B�
� � �@� �hªF�@� �hª.�@�|�>�E�B� �V� �@� �Vª �@� �V�^�B� �h�»�B�g�%� �@� �V���@� �V�º�B� � �E�B� �h�
�	� �@� �LªF�@� �h�º�@� � �»�B�g��ª �@� � � �@�g���^�B�g�>�E�B� ªhª �@� �@�y�@� ���^�B� ���î�B� �L�
�	� �@� �B�y�@�g�%ª.�@�|�>�E�B� �V� �@� ª��F�@� �L�^�B� �V�E�B� �h� �@� �����@� �@���B�g���E�B� �h�

� ¶Q²���� �N¸ o!f�rsreq>j|i�cedgfhaP�ViVjg_`q8�pu9fVrpcew`q�cewQreq>qtreq�i�jNcedg��q8�æ�sq8redgq>�>�

 1 ÑJ�SÐvÏ �/�SÑeÍnÊ
ÒtH27�ÓN6:TQÔ2ÕÞ7VÖ T@ØNÖº19R219Ö.19è�19R2ZFÚ:H27�Ô214IB3!19RQÚ86:T�J�0�G%7VJ�Ô`ß�Ú8H27tÓ2687V3:7�RNG�7nT@ØUIBG�Ú81Þà<I@Ú:19TBR�143!T@Ø
ÓNI@6:Ú:14G%02Õ4I@6-1ÞÖºÓUTB6:Ú8I@R�G%7nJ�0N7pÚ:T�Ú:H27�0N3{7nT@Ø2H219ZBH�ïN7VÕ9J�ÖºIBZBR27�Ú83�ð��ã÷ =Fñ�?VêyH214G>H�1ÞRNG�6:7hIB3:7



0 20 40 60 80 100 120 140 160 180
−0.2

−0.15

−0.1

−0.05

0

0.05

0.1

Frame number

T
y 

(m
m

)

Ty

LS1 (r = 0.65)
LS2 (r = 0.49)

0 20 40 60 80 100 120 140 160 180
−0.2

−0.15

−0.1

−0.05

0

0.05

0.1

Frame number

T
y 

(m
m

)

Ty

DLS (r = 0.17)
SRA (r = 0.05)

0 20 40 60 80 100 120 140 160 180
−0.2

−0.15

−0.1

−0.05

0

0.05

0.1

Frame number

R
y 

(d
eg

)

Ry

LS1 (r = 0.02)
LS2 (r = 0.03)

0 20 40 60 80 100 120 140 160 180
−0.2

−0.15

−0.1

−0.05

0

0.05

0.1

Frame number

R
y 

(d
eg

)

Ry

DLS (r = 0.05)
SRA (r = 0.12)

����� ¸��U¸ ��q8csreq>aS�Bq��«req>�Vd|�Xcsr{i%cedgfha»¦`i�r{i���q8ceq8re� ���^iVa`� �	�.u9fVr�cewQq�À`re�Xc�i�b8ce_Si�j�cedg��q��sq:red|q8�>�
¬�r{i�¦`wQ�preq:u4q8rpcef�� ¥ ��i�aS�.� ¥ ª�
�� 
� �� iVaS��cef��y� ¥ iVa`� ¥ l�°î��q8cew`f@�B� 
�� �������� �

IBG�Ú81Þà<I@Ú:19TBR^I@ÖºÓ2Õ91|Ú80NJ�7QáQÒtH27�ê�TB68O�Ó2687V3:7�R`Ú87VJ.1ÞRºÚ8H2143pÓNIBÓ�7V6n3{HNT<ê�3!Ú:HNI@ÚpÚ:H27 W�Ü õ IBRNJ
åF/:W¨Öº7%Ú8H2T�J23�3{7V7�Ö�3:021|Ú>I@Ô2Õ97�ØÃTB6FÚ:H27ºÓ268TBÔ2Õ97�Ö'TBØnÖºT@Ú:19TBR½G%TBÖºÓU7�RN38I<Ú81ÞTQR¾TBØ�5�M�ÜyÝ
3eÚ80NJ�197V3V?-7�àQ7�RÂ19RîI�3:1|Ú80NI<Ú81ÞTQRÂêyH27�687ºÚ:68027�IQG�Ú:19à<I<Ú81ÞTQR�WXG�TB686:7VÕ9I@Ú:7hJ½3:02Ô�Ùe7hG�Ú�ÖºT@Ú81ÞTQRÂ193
Ó26:7h3{7VR`ÚVá¿ÝsRNJ27�7VJ¿?¿Ú:HN193�193�I@RE1ÞÖºÓUTB6:Ú8IBRQÚ�19383{0N7^êyH27�RîIQ3:3:7V383{19R2Z«Ú:HN7P6:TQÔ20N3{Ú:R27h3:3�T@ØyI
6:7VZB143eÚ868I@Ú:19TBR�Öº7%Ú8H2T�Jvá@ÒtH27�7+��Ó2Õ4I@RNI@Ú:19TBR�143zÚeê�TBØÃTBÕ4J�,VÚ:H27�ïN6>3eÚ�J�7hI@Õ43-êy1ÞÚ:H�Ú:H27�ØæIBG%Ú�Ú:HNI@Ú
1ÞR`Ú:7V6:ÓUTBÕ4I<Ú81ÞTQRP7�6868TB6>3pJ�02681ÞRNZ�687�ZB143{Ú:6>I<Ú:19TBR^G�TB02Õ4JPÔU7FG�TBR�ØÃTQ02RNJ�7hJPêy1ÞÚ:HÅIBR�IBG%Ú:19à<I<Ú:19TBR2W
ÕÞ19OB7.Ô214IB3)K�Ú8H27^3{7hG%TQRNJv?�Ú:T«Ú:H27.ê�7�Õ9Õ!OSR2T<êyR¾ØæIBG%Ú�Ú8HNI<Ú�687�ZB143{Ú:6>I<Ú:19TBR¾7�686:TQ6�ðÃZQ7�R27V68IBÕÞÕ9ß2ñ
1ÞRNG�6:7hIB3:7V3�êy1ÞÚ:H«Ú:H27�19R21ÞÚ:14I@Õ¿Öº143:IBÕÞ19ZBRN7�Öº7�R`ÚVá

ÒtH27�Ú:H2687�7¨IQG�Ú:0�I@ÕyÚ81ÞÖº7�3:7�681Þ7h3º0N3{7hJÛ1ÞRâÚ8H2193Pê�TQ6:OÂê�7�687�3{7VÕÞ7hG�Ú87VJÁØÃ6:TQÖ I@ÖºTQR2Z
ó��Å3:02Ô�Ùe7hG�Ú>3FÔU7VGVI@0N3:7�Ú8H27�ß�G�ÕÞ7hI@68ÕÞß�Ó2687V3:7�R`Ú87VJ�I«3eÚ86:TQR2Z�G�TB686:7VÕ9I@Ú:19TBR¨êy1ÞÚ:H½IQG�Ú81Þà<I<Ú81ÞTQR
ÓNI@6>IBJ�19ZBÖ�á���7�àQ7�6:Ú:H27VÕÞ7h3:3V?@Ú8H27FÚ:68027 ÖºT@Ú81ÞTQR^ØÃTB6�Ú:HN7V3:7F3:02Ô�Ùe7VG%Ú83�143n02RNO`RNT<êyR�I@RNJPÖºILß
TB6�Ö^ILß»R2T@Ú�ÔU7ÅG�TB686:7VÕ9I@Ú:7hJ�Ú8T¨Ú:H27«3eÚ81ÞÖ�02Õ90N3�á!é�T<ê�7�àQ7�6h?¢Ú:H27Å6:7h3{02ÕÞÚ83�TBÔ�Ú>I@19R27VJ»ØÃ68TBÖ
Ú:H27�7+��Ó�7V6:19Öº7�R`Ú83FÓU7�6:ØÃTB68Ö.7hJ�1ÞR¾Ú:H2143FÓNI@ÓU7�6�G%Õ97VI@68Õ9ß«3:02Ó2ÓUTB6:Ú Ú8H27�14J�7VIPÚ:HNI@Ú Ú8H27�Ô214IB3
1ÞR�ÖºT@Ú81ÞTQRÅ7h3eÚ81ÞÖ^I<Ú87V3yêtIB3tJ�0N7B?NI@Ú�ÕÞ7hIB3{Út19R�ÓNI@6:ÚV?SÚ8T^Ó2687V3:7�RNG�7�TBØ!IQG�Ú:19à<I<Ú81ÞTQR¿á2ÝsRNJ�7V7VJv?
1ÞRNG�TB68Ó�TQ68I@Ú:19R2Z«Ú:H27«IBG%Ú:19àLI@Ú:19TBRÂÓ268T@ï�ÕÞ7^19R`Ú:T¨Ú8H27VW�Ü õ Öº7%Ú:HNTSJîTB6�J�1438G�I@6>J�19R2Z�I@ÔUTB02Ú
ö F 2 TBØ-Ú:HN7FàQT3�S7VÕ93�19RPÚ:HN7�å�/*WPÖº7%Ú:HNTSJ«3:02ÔN3{Ú8I@R`Ú819IBÕÞÕ9ßº6:7hJ�0NG%7h3�Ú:H27�G%TQ6:687�Õ4I<Ú81ÞTQR^êy1|Ú8H
Ú:H27�Ú>IB3:OUá

õ ØÃ7VêçÓ2Õ9T@Ú>3�TQÔ�Ú8IB1ÞRN7VJ^ØÃ68TBÖÆÚ8H27�IBG�Ú80NI@ÕvJ2I@Ú8I.3{HNT<ê I�J�1438I@ZB687�7VÖº7�R`ÚnÔU7%Úeê�7�7�RÅÚ:HN7
J�1|C¢7�687�R`Út6:7VZB143eÚ868I@Ú:19TBRPÖº7�Ú:H2T�J23VáSÝsR�TB0N6�TQÓ219R21ÞTQR¿?`Ú:H2143t3{1ÞÚ:0�I<Ú:19TBRÅÖ^ILßº3{Ú:7VÖ ØÃ68TBÖÆÚ:HN7
ØæIBG�Ú Ú:HNI@Ú�Ú:H27�Ú:19Öº7�3{7V6:197V3�1ÞRNG�ÕÞ0�J�7�3:ÓNI<Ú819IBÕzJ�143eÚ8TB6:Ú:19TBRN3�1ÞRNJ20NG%7hJ�Ô`ßÅÚ:HN7�ØæIB3{ÚFIBGVì`02193:1ÞW
Ú:19TBR¨3:G>HN7�Öº7Bá2ÝsR�J�7�7hJv?�Ú:HN7�687�193�IBR�1ÞR`Ú:7V68IQG�Ú81ÞTQRÅÔU7%Úeê�7�7VRÅÚ8H27V3:7�J�143eÚ8TB6:Ú:19TBRN3yIBRNJ«H27VIQJ
Ö.T<àQ7�Öº7�R`ÚFIBRNJ�Ú8H27�687%ØÃTQ6:7Q?2Ú:HN7�681ÞZQ19J�687�ZQ193{Ú:6>I<Ú81ÞTQR�I@Ó2ÓN6:T`IBG>H¨G�IBR2R2T@ÚFÓ�7V6{ØÃ7hG�Ú:Õ9ß�I@Õ919ZBR
Ú:H27tÚ81ÞÖº7 3:7�681Þ7h3�áLÝsR^3:0NG>Hº1ÞÕ9Õ|WXÓUTQ3:7VJ.3{1ÞÚ:0NI@Ú:19TBRN3V?B3:1ÞÖº19Õ9IB6:1ÞÚeß�Öº7VIQ3{0N6:7h3!IB6:7tÓ268TBRN7�Ú8T�3{7Và`W
7�6>I@ÕNÕ9T�G�IBÕNÖº1ÞRN1ÞÖ^I2?`êyH214G>H�I@687 J�0N7�Ú:T�ÕÞT�GVI@ÕNZQTSTSJPÖºI@Ú8G>H27h3pÔU7%Úeê�7�7VRPTBÔ�Ùe7hG�Ú�ØÃ7VI<Ú802687V3V?
Ó�T`3:3:1ÞÔNÕÞßÂG�IB0N3:7VJÂÔSßEÚ:HN7�ØæIQG�Ú.Ú:HNI@Ú.ÔUT@Ú8HÁÖº7%Ú8H2T�J23.6:7VÕÞßETBRãJ�1|C¢7�687�R`Úº1ÞR`Ú87�68Ó�TQÕ9I@Ú:19TBR
Ö.7�Ú:H2T�J23Vá�ÒtHN193�ÖºILßã7+��Ó2Õ4I@19R+êyHSßîÚ:HN7¨Úeê�TîJ21|C¢7�687�R`ÚÅG�TBÖºÓ20�Ú>I<Ú:19TBR�I@ÕyØÃ6>I@Öº7�ê�TB68O�3



3{TQÖ.7�Ú:19Öº7V3^Ó268T<àS19J27�3{Õ91ÞZQH`Ú:Õ9ßãJ�1ÞCU7V6:7VR`ÚÅ3{TQÕÞ02Ú:19TBRN3ºØÃTQ6PÚ8H27�68T@Ú8I@Ú:19TBRÛÓNI@6>I@Öº7�Ú:7�6>3ºØÃTQ6
/*W¢ó�I@R�J«/:W2ö�á

ÒtH27�3:0NG�G�7V383 TBØpÚ:HN7 W�Ü õ Öº7%Ú8H2T�J½J27V38G%681ÞÔU7VJ¨19R�Ú8H2143FÓ�I@ÓU7�6�G�I@Õ9Õ43�ØÃTQ6FÚ8H27ºJ�7�àQ7�ÕÞW
TBÓ2Öº7�R`Ú.T@Ø�19RQÚ87�ZQ68I@Ú:7VJ»Öº7%Ú8H2T�J23.Öº1 ��19R2Z�ÖºT@Ú81ÞTQRî7V3{Ú:19Ö^I<Ú:19TBR-?zIBG%Ú:19à<I<Ú:19TBRãJ�7%Ú87VG�Ú81ÞTQR
I@RNJ�J2193{Ú:TQ6{Ú81ÞTQR�G�TB686:7hG�Ú81ÞTQR¿áN/¿19OB7�IBG�Ú81Þà<I@Ú:19TBR¾J�7�Ú:7hG�Ú:19TBR-?�H2T<ê�7�àQ7�6h?2J�143eÚ8TB6:Ú:19TBR�G%TQ6:687VG%W
Ú:19TBRÛÖºILßÁ6:7hìQ0N1Þ687«IQJ2J�1ÞÚ:19TBRNIBÕt1ÞR�ØÃTQ6:Ö^I@Ú:19TBR¿?p3:0NG>HâIB3ºI»ÖºIBZBR27�Ú:14GÅïN7�Õ4JÁÓNHNIB3:7�ÖºIBÓ
TBÔ�Ú>I@19R27VJPØÃ6:TQÖ Ú:H27�M�Ü 38G�I@R»ò L@ô�?�IQJ2J�19R2Z^I@R2TBÚ:H27V6�Õ97�àQ7�ÕvT@Ø!G%TBÖºÓ2Õ97+��1ÞÚeß^Ô�7hG�IB0N3{7�Ú8H2193
Ó2HNIB3:7�Ö^I@Ó�Ö^ILßPJ�7�ÓU7�RNJ�TQR�Ú8H27�H27hIBJÅÓ�T`3{1ÞÚ:19TBR�19RÅÚ8H27�38G�I@RNR27�6há

� �½Í�Ê Ð�{Ï �SÑeÍnÊ
å 026819R2Z�Ú:H27yÕ4IB3{Ú�J27VG�IQJ�7B?<RS02Öº7V6:TQ0N3!ZB7�RN7�6>I@ÕSÓ20268Ó�T`3{7y3:1ÞÖº19Õ9IB6:1ÞÚeß�Öº7VIQ3{02687V3!HNILàQ7�ÔU7�7VR
Ó26:TQÓ�T`3{7hJÅÚ:TºÚ8IQG>OSÕÞ7�Öº7VJ219GVI@Õ-19Ö^I@ZQ7�6:7VZB143eÚ868I@Ú:19TBR�ÓN6:TQÔ2ÕÞ7VÖ^3�áNÒtHN7�ß«HNILàB7�Õ97VJ«Ú:TÅIºÕÞTBÚ
T@Øz3:0NG�G�7V383pêy1ÞÚ:H«1ÞÖºÓUTB6:Ú8IBRQÚ�1ÞÖºÓNIQG�ÚtTBRPRN7�0268TQ38G%197�RNG�7 I@R�J�G%Õ919R219GVI@Õ¢I@Ó2ÓNÕÞ14G�I@Ú:19TBRN3Vá`ÒtHN7
IB383{02ÖºÓ�Ú81ÞTQRN3F02RNJ�7V6:Õ9ßS1ÞR2ZPÚ:H27h3{7º3{19Öº1ÞÕ4I@681ÞÚeßÅÖº7VIQ3{0N6:7h3�?�H2T<ê�7VàB7V6V?�T@Ø£Ú:7VR�R27VZBÕ97VG�Ú�3:TBÖº7
ØÃ7VI<Ú802687V3.3{ÓU7VG�1|ï�GPÚ:TE5�M�ÜyÝ�J2I@Ú8I2?!Õ97VIBJ21ÞR2Z¾Ú:T¾Ú:H27«OS1ÞRNJÁT@Ø�Ô214IB3�Öº7�R`Ú:19TBRN7VJÂ19RîÚ8H2193
ÓNI@ÓU7�6háBÝsR^TQ026pTBÓN1ÞR219TBR-?<Ú:02RN1ÞR2Z�6:7VZB143eÚ868I@Ú:19TBR.Ö.7�Ú:H2T�J23nÚ:T�IQG�G�TB02R`Ú�ØÃTB6nÚ:H27h3{7�ØÃ7VI<Ú802687V3V?
IB3nJ27�ÖºTBRN3{Ú:6>I<Ú87VJ.ØÃTQ6pÚ:HN7Få�/*W^IBRNJLW�Ü õ Ö.7�Ú:H2T�J23V?`êy1ÞÕ9Õ�ÔU7FI�R27VG�7V383:IB6:ß.I@RNJ.ØÃ68021ÞÚ{ØÃ02Õ
7�RNJ�7hILàBTQ026Vá

� � 4!�-Ì0�-Ê Ð �*�
�V�y�¿�p]Qreq>d�reqÅiVaS�Â¯B� ��]!�nkºi�a`�Vd|aN}��sk.f�ced|fVaãb8fVrsreq>b8cedgfVaãi�jg�hfVred�cewQ���.��i>�»b:req�i�ceqÅ�s¦`_QredgfV_`�
 Br{iVdga�i�b8cedg�hi%ced|fVa`�ydgaPcew`q�i� `�sq>aQb>q�f�u��s_` ��Xq8b8c���fVcedgfhaN} �	� 
�
 �������� ��
 }��hfhj£�¿�>� ¥ q>¦�}2¦Q¦��
���h���@�hªVª@}�ªV�V�B�V�

ª<��kÅ�Lx!j|iVb ��i�aS��°��Vl�iVaQ�Li%r{i��XiVa�}��s~�aFcewQq�_`aQdgÀ`b�i�cedgfVa�fVu�jgdga`q�¦Bref<b>q>�s�sq>�>}Lfh_Qcejgdgq8r¿req���q>b8cedgfhaN}
i�aS�½refV `_`�Xc��Xc{i%cedg�Xced|b8��¼pd�cewÂi�¦`¦`jgdgb�i%ced|fVa`��dgaEq�i�rej��½�@d|�sdgfVa�} ����� � 
 ����� ��� ����� ����� 
 ����� ��� �
� ����� 
�� 
 �	 �"! � �#�`}Q�Lfhj£�N���B}Q¦`¦N� �V�$�<�B�h}U���h�V�B��@��o��`©�d��Lfh_N}�]!�Q®�q>d�c&%h}S¯Q� ��¡v�S°nre���s¦`iVb{w�}Qm:� ��¯Q�`©�iV��q8r�}`iVa`�.����¬�re_`b �Lq8r�}'��lnq>�hdg�Xcsr{i�cedgfVa�f�u
k.l)(hk.l iVaS��k.l*( ¥ ¡-�!o ¹  Qr{i�d|a«d|��i��hq>�  <�Pu£iV�XcF�Xcef<b{wSiV�Xcedgb�fh¦Bcedg��d+%>i�cedgfha�f�u�refh Q_`�Xc
�Lf��Bq>jN�sdg��d|j|i%redgc�����q�iV�s_Breq>�>} �,� 
�
 �-�$����� ��
 }`�Lfhj£� � 
X�  ¯h_Qj£}`¦Q¦��`�h���L�L�@}¢���V� �B��B�y�¿�¿]Qreq>d�reqh}-°��vl�f<b{w`qV}¿iVa`�¨¯Q� ��]!�zkºi�a`�Vd|aN}.��§Âw`i�c�d|� cew`q� �q>�XcF�sd|��dgj|i�red�c�����q�iV�s_Breq�u9fVr
��f�ced|fVa�b>fVrsreq>b:ced|fVa.f�u�u9��red`cedg��q��sq8redgq>��/0���1'12143 �-��� !05 �#�,6 
-7&�98 � �:���;� �&� � � }L�Lfhj£�Qª@� 
 � 
kºi>�<}Q¦`¦��B�L�V���L�����Q}�ªV�V�Lª<�

�<�y�¿��]Qreq8dgreqPi�aS�½¯Q� ��]!��kºiVaQ�hdga�}<� ¹ ¼!f¨�Xc{iV�hq�i�j|dg�Va`��q>a<c�fVu�u4��redpced|��q.�sq8redgq>��_`�sdga`�«cewQq
q8�B¦�q8redg��q>a<c�¦BrefVÀ`j|q�cef��Qdg�sb�i%r{�.i�b8cedg�hi%ced|fVa.req>j|i�ceq>�� `d|i��>} ��dga=6 
-7&�98 � �>����� ��
 � ����� 
���� � �
��� 7 � �#�)� 
�� 
 ��?A@ !&! �B! � 
-7 ��� � 
 ��C 
 � ��� ���`}2ªV�h�hª@}`¦`¦��`�h�V���<�L�V�@��@�y¯Q�2~�reb:w`i�r{�N}2o��N¬�req>d�u�}�¬F�N¬�fVjg_` �}�x��2xD��fVrea`�sfVa�}Ni�aS�PkÅ�2°�c �@dga`�>}E� ¥ dg��_Qj�c{iVa`q8fh_`�preq>�Vd|�X�
csr{i%ced|fVa«i�aS�^i�b8cedg�hi%ced|fVa«�Bq8ceq>b8cedgfVaPu9fVrtu£k.l�m{} �=�121'1F3 ���� !G5 �#�H6 
-7&�98 � �D���;� �&� � � }S�LfVjÃ�
ªVª 
X�h�  ©�f%�2}Q¦`¦N�2�>�<ªV�$�`�>�L� �@}�ª��h�h�@��<��kÅ����aQ�sq8r�}�° �N°�j|�@refh_` Qd£}Ui�aS�«kÅ�U�-�Qq8a�}I�Xxz�æ�s¦Qj|dgaQq��sd|�VaSi�jz¦Bref<b>q>�s�sdga`� � ¡vi%rscFmæ�Ãcew`q>f�rs�<� �
�121'1J3 �-��� !LK ��� ��� �>M��� 8�
�!&! }��LfVj£�`�B�h}S¦Q¦�� �Lª<��� �h�h�@}v���V�h�B�

�@��§â�N¡vreq>�s�>} ¥ � ¹ q>_+�Lfhjg���<�<}S§â��N-q8csceq8rejgdga`�B}2iVa`�Px��N]¢j|iVa`aQq8rs�<}D� 
 � 
 � �98 � � �:
-8 � � � 
�! � � � }
ª%aS�.q��2� o�i��� Qred|�B�hqt��a`dg�Lq8re�sd�c���¡vreq>�s�>}U�>�h� �@�

�@��o�� ¥ ce_S�Bw`fVj|��qV}%l �Lo!fhaQ�Xc{iV `jgqh}LiVa`��¯Q�h�t_`aQb�iVaN}D��°�b>b8_Qr{i�ceqpi�jgd|�Va`��q>a<c-fVu`u4_`aQb8cedgfha`iVjS�-¡¿m
�Qi�c{i�cef�iVaSi%cefh��dgb�i�j¿k.l�m�_Q�sdga`��i�¦`w<�B�sdgb>�X�æ SiV�sq>�^�Qdg�XcefVrscedgfhaP��f@�Bq>j£} �O�121'1F3 ���� !G5 �#�
6 
-7&�A8 ���P����� �&� � � }B�LfVjÃ�N��� 
X�h�  ©�f���}Q¦`¦N�N�V�h� �$�S�V�%ªV�@}�ªV�V�h�@�


