
HAL Id: inria-00073318
https://inria.hal.science/inria-00073318

Submitted on 24 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Computing the Mean of Geometric Features Application
to the Mean Rotation

Xavier Pennec

To cite this version:
Xavier Pennec. Computing the Mean of Geometric Features Application to the Mean Rotation. RR-
3371, INRIA. 1998. �inria-00073318�

https://inria.hal.science/inria-00073318
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  
de  r ech er ch e 

THÈME 3

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Computing the mean of geometric features
Application to the mean rotation

Xavier Pennec

N˚ 3371

March 1998





Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, B.P. 93, 06902 Sophia Antipolis Cedex (France)

Téléphone : 04 92 38 77 77 - International : +33 4 92 38 77 77 — Fax : 04 92 38 77 65 - International : +33 4 92 38 77 65

����� ���	��
�	� ������� ����� ����������� ������
�� �!���"���	����#
$%����&�
���"��
'��� ��� ���	�(� ����� ���"���"��
'���

)+*-,�.0/-1324/-5656/-798

:�;=<�>@?�A�B CEDGFH?IHJLK'FHMONPDQ;=NP>@>R?TSE>RJLKU;VMODV?XW
MY>RJLZP?[�W]\VNLDVDV^�?[�W_K�NLDVD]JLMO[`[`JLDVK�?[

abI`NXcd?'Ffehg=MY\]JXiVI`?

j4JLgVgkNPIlF�\=?�Il?�KU;V?I`KU;V?mD]noAPAGprq	B sQJLI`KU;tqvuPuLw�B qyx@gVJLZP?�[

z3{6|'}v~��]�L}G� :�;=?��-iV?[lFHMONPD���?RMYDG�P?[lF`MYZGJ!FH?�MOD�FH;VMO[�JXIlFHMOK��O?@MY[����;VJXF�MY["FH;V?@>@?yJXD��XJL�OiV?@NL��J�[`?'F�NL�
ZP?�NL>R?'FHIlMYK"��?yJXF`iVI`?[�JXDV\+;=N���KyJLD���?�K�NL>Rg=i=FH?�MOFU�Q��?�iV[`?�JL[4J@ZPiVMO\VMYD=Z�?T�VJX>Rg=�Y?�NPDV?�NL��FH;V?�>@NP[lF
[lF`iV\VMO?�\+FE�9gk?�NX����?�JXFHiVIl?�[�MOD+KNP>@gVi=FH?I��rMO[`MONPDQJLDV\�I`NP�kNLF`MYK[���AP��I`NLFHJXFHMONPDV[�
:�;=?�iV[li]JL��F`?�KU;VD=MY�-iV?[�NPD3gkNPMYDGF`[�K�NLDV[`MO[lF�NX��>@MYDVMO>@MY�MYD=Z�FH;V? �O?yJX[lFlS¡[`�-i]JLIl?�KI`M¢FH?�IlMYNLD£Wr��;VMOKU;�ZPM¢�P?�[

FH;V?��]JXIl�9K�?D-F`?�IW FH;V?¤��?�MOZP;GFH?\¥�O?yJL[dFlSE[l�-i]JLI`?[+NLI3FH;V?¦[liV> NL�3§¨[l�9iVJLI`?\_©�sQJL;]JL�YJLDVNL�VMY[�\VMO[lFHJLDVK?�[��
ªfD=��NLIlFHi=D]JXFH?�O�LW�F`;V?�[l?�FH?KU;VDVMO�-iV?�[�Il?��¢�tNPDtF`;V?@�P?�K'FHNPI�[`g]JXK�?R[lFHIliVKF`iVI`?�NL��gkNPMODGFH[�JXDV\�ZL?�DV?IHJL�OMY�MYD=Z
FH;V?>«\VMOI`?�K'FH�¢�"FHN4NLFH;V?I�FE�rgk?�[�NL�r��?yJXF`iVI`?[�KNPiV�O\��O?yJL\"FHN4g]JLI`JL\VNy�r?�[�¬ak® uGp!¯0�o°]NPI�MODV[dFUJLDVK?LWXK�NP>@gVi=F`MYD=Z
FH;V?��]JLIl�9K?�DGFH?I NL�hI`NXFUJXF`MYNPD=[�iV[lMYDVZ�I`NLFHJXFHMONPD¤>RJXF`I`MOK�?�[W£iVDVM¢F �-i]J!FH?�IlDVMONPDV[ NPIfI`NLFHJXFHMONPD��P?�K'FHNPIl[±ZPM¢�P?�[
FH;VIl?�?�\VM¢²³?I`?�DGF4I`?[`iV�¢FH[�
��?�gVI`?[`?D-F�MYD´FH;VMO[�JLIlF`MYK�Y?+J�F`;VNPIlNPiVZP;´ZP?�D=?�IHJX�YMO�yJXF`MYNLDµNL�4FH;V?�FH;=I`?�?+JL�kNv�P?�K�I`M¢FH?I`MONPDV[RFHNt;VNXS

>@NPZP?�D=?�NPiV[@j�MO?�>RJLDVDVMYJLD¶>RJLDVM¢��NP�O\V[�FH;VJXF·I`?�O��NPDV�¢��NLD¸MYDGFHIlMYD=[`MOK	KU;]JLIHJXKFH?I`MO[lF`MYK[RNX�4F`;V?3>RJLDVM¢��NP�O\£�
:�;V?·DV?K�?�[l[HJLId�¦K�NLDV\VM¢FHMONPD¦��NPIfF`;V?�>@?yJLD�IlNLFUJXF`MYNLD£W³MODV\V?g�?DV\V?�DGF`�O�¦\=?�I`M¢�P?\�MOD¶¬¹��?�D]uLxX¯ºW³MY[±NP�rFUJLMODV?�\
;V?�Il?�JX[�J�g]JLIdFHMOK�iV�YJLI"KyJX[`?RNL��J	ZP?DV?�I`JL�b��NPI`>�iV�»Jr�@��?�JL�Y[lN+g=I`NPgkNP[`?RJLDtMOD-F`I`MODV[`MOK�ZLIHJL\VMO?�DGF�\V?[`K�?DGF
JL�OZPNPI`M¢FH;=>¼F`N	NP�=FHJLMYD+FH;V?�>@MODVMO>�iV>½NL�bFH;V?�K�IlMOF`?�I`MONPDV["JXDV\¤[`;=N��¾;VNv��FHN3?[lF`MY>RJXF`?�FH;V?�iVDVK�?IlFHJLMYDGFE�
NL�oF`;V?�I`?[`iV�¢FHMODVZ3?[lF`MY>RJXF`MYNPD³��:�;V?[`?·JL�OZPNPIlMOF`;V>@[�gVIlNv�P?�F`N��k?�DVNLFfNPDV�¢�+JLK�KiVIHJ!FH?��VirF±JL�O[`N�?¿RK�MO?�DGFy�
K�NP>@gVirFUJXF`MYNPD=[bJLI`?�NPDV�¢��A4FHN À�F`MY>@?[b�YNPD=ZP?�I���NPI6IlNLFUJXF`MYNLDV[�F`;]JLD���NPI�g�NLMYDGFH[�6:�;V?�JXK�K�i=IHJLK'��gVIl?�\VMOKF`MYNLD
NL��FH;V?"I`?[`iV�¢FH[4MO[���M¢FH;=MYD�q�Á3W=��;VMOKU;QMO[f�-iVM¢FH?"I`?>RJLI`Â!JL�V�O?L�
:�;=?�[lF`I`MOÂ-MYDVZ�[`MO>RMO�YJLI`M¢FE��NX�VFH;V?�JL�OZPNPIlMOF`;V>@[�Ã!��?;]Jy�rMONPI���NPI�ZL?�DV?IHJL�-��?yJXF`iVI`?[oJLD=\���NPI�g�NLMYDGFH[�[lF`I`?�[l[`?[

FH;V?¦�XJL�OMY\=MOFE�ÄNX��NPi=I�JLgVgVIlNGJLKU;ÅiV[`MODVZÆj4MO?�>RJLD=DVM»JXDÇZP?NP>@?F`Il�ÅJLD=\È�O?F`[�iV[�JLDGFHMOK�MOg]JXFH?¦F`;]JXF�NLF`;V?�I
[lFHJXFHMO[lF`MYK�JL��I`?�[liV�¢FH[fJLDV\�JL�OZPNPI`M¢FH;=>R[�KNPiV�O\+�k?"ZP?�DV?IHJL�OMO��?�\�FHN@>RJLDVM¢��NP�O\V[�MYD�FH;VMO[���IHJL>@?'��NPIlÂ_�
É+ÊGË³ÌlÍ�Î ~!Ï�|X� >R?�JLD���?yJXF`iVI`?XW]>R?�JLD�I`NLFHJXFHMONPD£W=��i=[`MONPD£W_j�MY?>�JXDVDVMYJLD+ZL?�NP>@?F`Il�

Ð�Ñ�Ò�Ó�Ñ�Ô�Õ!Ö�×ºØTÙ�ÚdÛ�ÜkÝ]Ñ�Þ�Ô�ß�Ó�Ü�ÕXà'á!â±ã Ñ�äoÕ�Ô�×0Û0åæXçèåéàTê9ÑëáÛºÚdêìêåìí'Úlá!çèÚbîràTï



�¾��&�����&��� &�� � � � �����	����� ���6
� 
'��
�����# ������� ������
	�R����#
$%����&�
���±��
��� ��� ����#
�	��# ���"���"��
'����#

�� |���� � � � NLiV[�D=NPiV[�MODGFH^I`?�[l[`NPD=[·\]JLDV[�K�?'F·JLIdFHMOK��O?�+�YJ+�-iV?[lF`MYNPD�[`iVM¢�XJLDGFH?¤���9i³Ã?[lFlS¡K�?3�-iV?��»J
>@N��L?�DVD=?3\£Ã¹iVD�?DV[`?>��V�O?3\V?RgVIlMY>@M¢FHM¢�P?�[�ZP^�NL>R^'FHIlMY�-iV?[�?F�K�NL>R>@?D-F��YJ�K�JL�YKiV�O?�I·� � NPiV[�gVI`?DVDVNPDV[
K�NP>@>@?3MO�Y�OiV[dFHIHJ!FHMONPD¸�0Ã¹iVD \=?�[�FE�9gk?�[�\V?�gVI`MO>@MOF`MO�L?�[·�O?�gV�OiV[�i=F`MY�OMO[`^3?D��9MY[lMYNPD¸gVJLI�NPIl\VMOD]JXFH?iVI�?'F·?�D
I`NP�kNLF`MY�-iV?X���O?�[4I`NXFUJXF`MYNPD=[�AP���

��?[�F`?�KU;VD=MY�-iV?[6iV[liV?��O�Y?[�gkNPiVI��O?�[�gkNPMOD-F`[�K�NPDV[lMOF`?�DGF���>@MODVMO>RMO[`?I��O?bK�IlMOF`<�Il?�\V?[�>RNLMYDV\=I`?�[�K�JLI`Il^�[�W!K�?
�-iVM-\VNPDVDV?��Y?h�]JXIl�9K�?D-F`I`?XWP�Y?[6>@NPMODV\VIl?�[�KyJLIlI`^�[�gkNPDV\V^I`^�[�NPi��»J�[`NP>@>@?�\=?�[�\VMY[dFUJLD=K�?�[6\V?�sQJL;]JL�YJLDVNL�VMY[
§0JLi�KyJLIlI`^y©'�+sQJL�O;V?�i=I`?�i=[`?�>@?D-F�WhK�?�[�FH?�KU;=DVMY�-iV?[·I`?g�NP[l?�DGF�[liVI��YJ+[dFHIliVKF`iVI`?�\£Ã?[`g]JXK�?��L?�KF`NPI`MO?���\V?�[
g�NLMYDGFH[f?FfDVNPiV[fJy�PNPD=[�\V^èc��R>@NPDGFHIl^��-iV?��Y?iVI�ZL^�DV^IHJL�OMY[`JXFHMONPD+;]JXFHM¢�P?��R\³ÃìJLirFHI`?[fFE�9gk?�[�\=?�gVIlMY>@M¢FHM¢�P?[
K�NPD=\ViVM¢F�¦\V?[�g]JXIHJL\VNy�r?�[��a�JLI@?'�r?�>@gV�O?LW��O?�KyJL�OK�iV��\=iµ�]JLId�9K�?�DGF`I`?�\V?�I`NLFHJXFHMONPDV[@?�D´i=F`MY�OMY[`JLDGF��O?�[
>RJXFHIlMYK?�[Q\=?�IlNLFUJXF`MYNLD£W �O?�[��9iVJXFH?I`DVMONPDV[+iVDVM¢FUJLMOI`?[+NPiÈ�O?t�L?�KF`?�iVIQI`NLFHJXFHMONPDÅ\VNPDVD=?tF`I`NPMO[+Il^�[liV�OFHJXFH[
\VM¢²³^I`?�DGF`[��

� NPiV[�gVI`^[`?D-F`NPDV[·\]JXDV[�K?F�JLIlF`MYK�Y?�iVDV?�ZL^�DV^IHJL�OMY[`JXFHMONPD IlMYZLNPiVI`?iV[`?�JLi�K�JL[�\=?��XJLI`MO^F`^�[�I`MO?�>RJLDrS
DVMO?�DVDV?[	;VNP>@NPZP<DV?�[	\=?�[�F`I`NPMO[�KI`M¢FH<�Il?�[	^'�PN9�9i=^�[	K�M SE\=?�[`[liV[�����?'F`FH?QZP?�DV?IHJL�OMO[HJXF`MYNPDÄIl?�gkNP[`?Q[`iVI�KyJ!S
IHJLK'FH^I`MO[lFHMO�-iV?�["MODGFHI`MODV[l<��-iV?�["\V?��»J��XJLIlMY^'FH^�KNPDV[lMY\V^I`^?L����?�[ KNPDV\VM¢FHMONPDV[±DV^K�^[`[HJXMYIl?�["KyJLI`JLKF`^�IlMY[`JLDGF±�»J
I`NLFHJXFHMONPD´>@N��L?�DVD=?LW�\V^�IlMO�L^�?[3MYD=\V^�gk?�DV\=?�>@>@?�DGF	\]JLD=[Q¬¹��?�DVuPxL¯ºW�[`NPDGF�MYKM4NL�=FH?D9i=?�[�KNP>@>@?QiVDÆKyJL[
g]JLIdFHMOK�iV�OMY?I@\V?	�»J¤��NPIl>�iV�O?	ZP^DV^�I`JL�Y?X� � NLiV[·gVI`NLg�NP[lNPDV[·^ZGJL�O?�>@?�DGFRiVD´JL�OZPNPI`M¢FH;=>R?	\=?	\V?�[lK�?�DGF`?Q\V?
ZPIHJX\VMY?DGF±MYDGF`I`MODV[`<�9i=?����»JR�LJXI`MO^FH^�g�NLiVI�NP�rFH?�D=MYIf�Y?�>RMODVMO>�iV>½\V?�[�K�I`M¢FH<I`?[ ?F�DVNPiV[ >@NPDGF`I`NPDV[fK�NP>�S
>@?�DGF�?[lF`MY>@?�I��¨ÃMODVK�?IlF`MOF`iV\V?�[liVI"DVNLF`I`?R?�[lF`MY>RJXF`MYNLD�Il^�[`i=�OFHJLDGFH?L���?�[�JL�OZPNPI`M¢FH;=>R?[�JXgVg]JLI`JLMY[l[`?D-F�DVNPD
[`?iV�Y?>@?�DGF±gVIl^�K�MO[4>�JXMY[fJLiV[l[`M�?¿RKyJXK�?�[fgViV[lMY[l�9i³ÃMO�Y[�DV?�g=I`?�D=DV?�DGF �-iV?�A��RÀ@��NPMO[4g=�YiV[4\V?"FH?>Rg=[fgkNPiVI
�Y?[�IlNLFUJXF`MYNLDV[f�-iV?�g�NLiVI��Y?[�gkNPMYDGF`[�����J�gVIl^�\VMOKF`MYNLD¤\£Ã¹MYDVK?�IdFHM¢FHiV\V?�?�[dF K�NLI`I`?KF`?��@>RNLMYDV[f\V?Rq�Á gVI`<[�W
K�?��-iVM�?�[dFf^ZGJL�O?�>@?�DGFfI`?>�JXI`�-i]JL�V�O?L�

��J�[lMY>@MO�»JXI`M¢FH^���I`JLgVg]JLDGF`? ?�DGFHIl?±�Y?fK�NP>@gkNPIlF`?�>@?�DGF�\V?�K�?�[�JX�YZPNLI`M¢FH;V>@?�[�g�NPi=I�\V?[�gVI`MO>@MOF`MO�L?�[�ZP^DV^'S
IHJL�O?�[±?'F±gkNPiVI �O?�[ gkNPMODGFH[±[`NLiV�YMOZPDV?·�YJ��XJL�OMY\=MOF`^·\V?�DVNLF`I`?·JXgVgVI`N9KU;V?�F`;V^�NPIlMY�-iV?·irFHMO�YMO[HJLDGF"�YJ�ZP^NP>@^FHIlMY?
I`MO?�>RJLDVD=MY?DVDV?t?F�DVNPiV[�gk?�Il>R?'F�\£ÃìJXD-F`MYKMYgk?�I��YJ¸ZP^�DV^IHJL�OMO[HJXF`MYNPDÈ\£ÃJLi=F`I`?�[�Il^�[`i=�OFHJXFH[�?F�JX�YZPNLI`M¢FH;V>@?�[
[lFHJXFHMO[lF`MY�-iV?[ JLir�3�LJXI`MO^FH^[�?�D�i=FHMO�YMO[HJXD-Ff�O?�>��>R?�KyJX\VI`?
 «Î }v| Ì �"! � |	� gVI`MO>@MOF`MO�L?�>@Nv�P?DVDV?LWkI`NXFUJXF`MYNPD	>@Nv�P?DVDV?XWk��iV[lMYNLD£W]ZP?�NL>R?'FHIlMY?�I`MO?�>RJLDVD=MY?DVDV?



���������
	������	�����������������
��������	����! "�#��	$�%�&��' A

( ) �@��������������
���
®�[l[`iV>@?·FH;]J!F���?·;]Jy�P?·J3[l?F±NL�h>@?�JL[`iVIl?�[+*-,�.0/@NX�bFH;V?�[`JL>@?�gkNPMYDGF1,�JLD=\¤FH;]JXFf��?���JLDGF F`N3NP�=FHJLMYD
J	��?'F`FH?I ?�[dFHMO>RJXFH?X��:�;V?·iV[li]JL�6��Jy�¦MY[ F`N	KU;VN9NP[`?·FH;=?��]JLId�rK?�DGFH?I32,54 6798 . ,�.b��;VMYKU;tMO[ FH;V?·�O?yJL[dFlS
[`�-i]JLIl?�[f?�[lF`MY>RJXF`MYNLDQNL��FH;V?�>@?yJLD��LJX�YiV?X� � N��"W_M¢�6��?�;VJv�L?�J@K�NPD
:]\V?�D=K�?��XJL�OiV?<;=.�NPDQ?�JLKU;Q>@?�JL[`iVIl?LW
��?tK�NL>Rg=i=FH?¦FH;=?���?�MOZP;GFH?\��]JLId�9K�?�DGF`?�I�W ��;=MYKU;È>@MYDVMO>@MY�?�[�FH;V?¦��?�MOZP;GFH?�\Ç�Y?�JL[lFdSE[l�9iVJLI`?[+KI`M¢FH?�IlMYNLD>�? ,A@+4 8 . ;=.0BDC�,�.FEG,HC�Iy�QC¡����?3;VJv�L?�J+KN��XJLIlM»JXDVK�?3>RJXF`I`M �KJML�NDLON±\V?[`K�IlMY�=MYDVZ¤F`;V?3iVD=K�?�IdFUJLMODGFE� NL�
?yJLKU;�>R?�JL[`i=I`?LW�FH;V?D���?�;VJv�L?RF`N+>@MODVMO>RMO��?RFH;V?R[`i=> NL��[l�9iVJLI`?[·sQJL;VJL�»JXDVNP�VMO[�\=MY[dFUJLDVK?�[� >�? ,A@P4
8 . ? ,�.QEK,A@�RSBTJMLON�LON ? ,�.QEK,A@'�
®f�Y�VF`;V?�[l?fF`?�KU;VDVMO�-iV?�[�JLI`?���?�Y�_Â-DVNv��D	JLD=\�JLIl?f?�JL[l�·F`N�MO>@gV�O?�>@?�DGFy��UfNv��?�L?�I�WrZP?�NL>R?'FHIlMYK4>@Nr\V?�Y[

NL�_FH;V?�Il?yJL�r��NPIl�Y\@NL�ëF`?�D·�O?yJL\·F`N±K�NPDV[lMY\=?�Ih>@NPI`?�KNP>@gV�Y?T�·��?yJ!FHiVIl?�[b�OMYÂX?4�OMODV?�[�¬WV"IlM»u�X!¯0WGgV�»JXDV?�[W9NLI`MO?�DGFH?\
g�NLMYDGFH[�¬¹°r® uLxX¯�NPI���IHJX>R?[�¬¹ab:�uGp!¯0��:�;V?�gVIlNP�V�O?�> ��?�FHJLKUÂ-�Y?�MYD�FH;=MY[fJLIlF`MYK�Y?"MO[f;=N��¥FHN@ZP?�D=?�IHJX�YMO��?�FH;V?
gVI`?'�9MYNPi=[ >@?FH;=Nr\V[4��NPI4ZP?�DV?I`MOK�ZP?NP>@?F`I`MOK���?yJ!FHiVIl?�[���:�;VMO[ gVIlNP�V�O?�>¼MO[fDVNXF [`N�?yJL[d�k����?�;]Jy�P?�[l;VNv��D
MYDÈ¬¹a�®�uGp!¯�F`;]JXF·ZL?�NP>@?F`I`MOK���?yJ!FHiVIl?�[·ZP?DV?�I`JL�Y�¢� \=N¦DVNLF·�k?��ONPDVZ¤F`N�JQ�P?�K'FHNPI·[lg]JLK?	�Vi=F·I`JXFH;V?I�FHN¦J
>RJLDVM¢��NP�Y\3JLDV\3FH;VJXF�M¢F�MODV\Vi=K�?�[�gVJLIHJL\=Nv�r?[�MO����?�F`Il�RFHN�i=[`?�F`;V? [lFHJLDV\]JXI`\�F`?�KU;VDVMO�-iV?�[�NPD�g�NPMODGFH[���MOF`;
FH;V?>���°]NPI MODV[lFHJLDVK?LW���?@K�JLD¦I`?gVI`?[`?�DGF�J	A!Sè� IlNLFUJ!FHMONPD¦�G�¦MOF`[±>RJXFHIlM¢�ZY�W³FH;V?·KNPI`Il?�[lg�NPD=\VMYD=Z+iVD=MOF
�-i]JXFH?I`DVMONPDV[\[^]�NPI�F`;V?�IlNLFUJ!FHMONPD��L?�KF`NPI+_`4ba
Bdc6�Qªf[`MODVZQF`;V?3�]JXIl�9K�?D-F`?�I�F`NQKNP>@gVi=FH?�FH;V?�>R?�JLD£W
��?�NP�=FUJXMYD ?MOF`;V?�I+Y 4 6798 . Y9.EWe] 4 6718 . ]f.�NPIg_ 4 6718 . _h.¡��:�;V?�F`;VI`??3I`?[`iV�¢FH[�K�NPIlI`?�[lg�NLDV\�FHN
\VM¢²³?I`?�DGFfI`NLFHJXFHMONPDV[jiT�
°]IlNP> J�>�J!FH;V?>�J!FHMOKyJL�4g�NLMYDGF�NL���9MO?�"W�JL�O��NPg�?IHJXF`MYNLDV[R��?Q\=?f:]DV?+NPD¶��?yJXF`iVI`?[�[`;=NPiV�O\�I`?�O�¶NPD

MYDGF`I`MODV[`MOK�KU;VJLIHJLK'FH?I`MO[lFHMOK�[�NL�-FH;=?b>�JXDVMO��NL�Y\�JLDV\"DVNXF�NPD±FH;V?o�L?�K'FHNPI�gVIlNPg�?IlF`MY?[�NX�r[lNP>@?hg]JLIlF`MYKiV�YJLI�KU;]JLIdFy�
s+NPIl?�Nv�P?I�WbFH;V?I`?3MO[�ZP?DV?�I`JL�O�O��J+FHI`JLDV[d��NPI`>RJXF`MYNPD�ZPI`NPi=g¸JLKF`MYD=Z¤NPD FH;=?�>RJLDVM¢��NP�O\ FH;]JXF�>@Nr\V?�Y[�FH;V?
g�NL[`[`MO�V�O?"MY>RJLZP? �9MO?�¥g�NPMODGFH[�JLD=\QkXNPI�F`;V?±[`iV�9cd?�KF4>@Nv�P?>R?DGF�MOD	FH;V?±MO>RJLZP?�[�h®�DG�	NPgk?�I`JXFHMONPD	[`;=NPiV�O\
��?�MODG�XJLI`MYJLDGFhNPIFlEK�Nv�XJLI`MYJLDGFnm���M¢FH;@I`?[`gk?�KFhF`N FH;V?�JXKFHMONPD@NL�]F`;VMY[bZLI`NPiVg³�o°]NPIoMODV[lFHJLDVK?LWGFH;V?��]JLIl�9K?�DGFH?I
NL��g�NLMYDGFH[�MO[�MOD-�XJLIlM»JXD-F�i=DV\V?�I�F`;V?±JLK'FHMONPD�NL��I`MOZPMO\	NPI�JX¿RDV? F`IHJLDV[d��NPI`>RJXF`MYNLDV[��Ho ? 8 ,�.�@p4 8 o9,�.E�bCED
FH;V?�K�JL[`?4NL��ZP?�NP>@?'FHI`MOK���?yJXF`iVI`?[�W-FH;V?[`?4\V?�[lMY\=?�IHJ!FUJ�JLI`?�>�i=KU;�>@NPI`?�\VM¢¿RK�iV�¢FhFHN�>@?�?F�W9JLDV\@��?�;]Jy�P?�FHN
FUJLÂX? J"�YN9NPÂ@JXF��-iVM¢FH?f\V?�?g3I`?[`iV�¢FH[�MYD�\VMO²�?�Il?�DGFHMYJL�kZP?�NL>R?'FHId�@MYD�NPI`\V?I�F`N�;VJv�L? JLD�MYD=[`MOZP;GF�NL����;]JXF�JLI`?
FH;V?·MODGFHIlMYDV[lMYKRKU;]JLI`JLKF`?�IlMY[dFHMOK�["NL�hFH;V?·>RJLD=MO��NP�O\¦��?@K�JLD�iV[`?X��:�;VMO["MY[ F`;V?·NP�rcd?KF"NL��[`?KFHMONPD�q���;VMOKU;
[`iV>@>RJLIlMY�?�[3FH;=?+FH;=?�NPId�Æ\=?�P?�YNLg�?\ÈMOD«¬¹a�?D]uPxX¯0�ÇCEDµ[`?�K'FHMONPDÅA=W���?¤MODG�P?�[dFHMOZGJXF`?QFH;V?+�Y?�JL[lFdSE[l�9iVJLI`?[
>@MYDVMO>@MY��JXFHMONPD¤NX�6FH;=?�j�MY?>RJLDVDVMYJLDQ\=MY[dFUJLDVK?�JLD=\+��?�[`;=N��¥FH;]JXFfM¢FfK�JLDQ�k?�[`NP�¢�P?\¤?¿RK�MO?�DGF`�O�L�4:�;=?�D£W
��?�ZP?�DV?IHJL�OMO��?�F`;VMO[�JL�OZPNPIlMOF`;V> FHN�FH;V?R��?MYZP;GF`?�\¸�O?yJL[dFlSE[l�-i]JLI`?[·JLDV\�FH;V?3sQJL;]JL�YJLDVNL�VMY[�K�IlMOF`?�IlMYNPD=[�MYD
[`?KFHMONPDRÀV�6CED�F`;V?��YJL[lFb[l?�K'FHMONPD£WG��?�JXD]JL�¢�r�?�JLDV\·KNP>@g]JLI`?�F`;V?�FH;=I`?�?�JL�YZLNPI`M¢FH;V>@[bMOD�FH?I`>@[bNL��JLK�KiVIHJXK�
NL��FH;V?"?�[dFHMO>RJXFH?\Q>@?yJLD³W_JLK�KiVIHJLK'��NL��FH;V?MYI�iVDVK?�IdFUJLMODGFE�+?[lF`MY>RJXF`MYNPD+JLDV\�KNP>@gVi=FUJ!FHMONPD�F`MY>@?X�

r s ����� �����6
� �!���±��������#
��?hIl?�9MY?'�¸MOD�F`;VMY[�[`?KF`MYNPD�[`NL>R?��]JL[lMYK�JLD=\�\V??�gk?�I�DVNLF`MYNLDV[�NL�Vj�MO?�>RJLDVDVMYJLD�ZP?�NP>@?'FHIl�L��:�;=MY[�[l�9DGFH;V?[`MO[
��JX[fMODV[`g=MYIl?�\Q�G��¬WtrgVM»pLu=W]KU;VJLg£��uX¯0W�¬Wu±�OM»wvqv¯�JLDV\t¬ ��JLIHuvq�¯º�
wyxnz {}|�~������9��|�����������|����������
CEDÆF`;V?�ZP?�NP>@?'FHI`MOK���IHJL>@?��NPIlÂkW�NPDV?�[`gk?�K�M�:]?[�FH;=?�[dFHIliVKF`iVI`?+NL� J�>RJLDVM¢��NP�O\G� �-�´JK� �!����������������	$�j�! �´:�;VMO[�MO[�J�K�NLD-F`MYD-iVNLiV[�KNP�Y�O?�K'FHMONPDµNX� \VNLFRgVIlNr\=iVKF`[�NPD¶FH;=?�FHJLDVZP?DGF�[lg]JLK�?+JXFR?yJXKU;µgkNPMYDGF
� ä���Úkæ!×0��Û-ÛD�³Ø�à'×0Úká�ØTÛ=Ú��'Úláb×0Ø'ÛºàTÛ0åìØ'á��%��á�êìÚn�!�GÛ$�!Ú��bàT×ºÚ_×ºÚdá�Ø×$��àTêìåT�dÚlâ��PÛ$��Ú����O�¤Ø���Ø'×0Û$��Øí'Ø'áXàTêj��àUÛº×0åéçèÚ��-å��9íÚdá�Úl×ºà'êêT�
á�Ø'Û�àTá�Ø'×0Û$�!Ø'í'Øá!àTêS��àUÛº×0åW��à'á!â"Û!��Ú��$�O�ÈØ��A��á!å¹Û��h�!àTÛ0Úl×0á�åìØ'á �oåT�oá�Ø'Û�à1��á�åÛ��h�!àUÛºÚd×ºá�åØá�¡4ã Ø×0ÚlØ��'Úd×`ÕGç0��ØyØf�0åá!ífÛ!��Ú�0åíáfØ��rÛ!��ÚH��á�åÛF�h�!àUÛºÚd×ºá�åìØ'á����¨Ú`â4åìá�Û$��Úp�$�O�ÆåT�£á�Ø'Û�à�Û0×ºåW�yåéàTêGÖ�×ºØ'ï�êìÚ��1¡

Ó�Ó%á�¢S£�£#¤#¥



À � ������ 

� NL��F`;V?Q>RJLDVM¢��NP�O\£�Ä:�;-iV[�W�M¢� ��?QK�NLDV[`MO\V?�I�J�KiVIl�L?QNPD´FH;V?+>�JXDVMO��NL�Y\£W���?+KyJLDÆK�NP>@gVi=F`?¤JXF�?yJXKU;
g�NLMYDGF�MOF`["MYDV[dFUJLDGFHJLDV?�NLiV[�[lg�??�\��P?KFHNLI�JLD=\�M¢FH[±DVNLI`>�W�FH;V?@MODV[lFHJLDGFUJLDV?NPiV[�[`gk?�?\£��:�N�K�NP>@gVirFH?@FH;V?
�Y?DVZLF`; NL��F`;V?�KiVIl�L?LWo��?3KyJLD�gVI`N9K�??�\¶JL[�iV[li]JL���-��MOD-F`?�ZPI`JXFHMODVZ�FH;VMO[��XJL�OiV?�JX�YNPD=Z+FH;=?�K�i=Il�P?X�Q:�;V?
\VMO[lFUJXDVK�?��k?FE��?�?D@FE��N±gkNPMYDGF`[oNL�kJ�KNPDVDV?KFH?\Rj4MO?�>RJLDVD=M»JLD·>RJLD=MO��NP�O\�MO[6FH;=?�>@MYDVMO>�i=> �O?�DVZLF`;·JL>@NPDVZ
FH;V?@KiVIl�L?�[�cdNPMODVMYD=Z�F`;V?�[l?@g�NPMODGFH[��:�;V?@K�iVId�P?[�Il?yJL�OMY�MYD=Z�F`;VMO[�>@MODVMO>�iV> ��NLI"JLDG�QFE��N+gkNPMOD-F`[±NL��FH;V?
>RJLDVM¢��NP�Y\3JLI`?fKyJL�O�Y?\	ZP?�N9\V?[`MOK�[��h:�;V?�KyJL�OK�iV�OiV[�NL�³�LJXI`MYJXFHMONPDV[�[`;VNv��[�FH;VJXF�ZL?�N9\V?�[lMYK[�JLI`?4FH;V?f[`NP�Oi=FHMONPDV[
NL�6JR[d�r[dFH?> NL�6[l?�KNPDV\QNLI`\V?I4\=MO²�?�Il?�DGFHMYJL��?��-i]J!FHMONPDV[4\V?�gk?�DV\=MYDVZ�NPD	FH;V?�j�MY?>RJLDVDVMYJLD�>R?'FHIlMYKX�
CED3F`;VMO[�JLIlF`MYK�Y?XW=��?±JL[`[liV>@?±FH;]JXF�FH;V?�>�JXDVMO��NL�Y\	MO[ �
�����%��'��! ��������  ������	� ��	 � WrM¨�¹?L�bFH;]J!F�FH;=? \V?f:VDVMOF`MYNLD

\VNP>RJLMOD+NX�6JX�Y�£ZL?�N9\V?�[lMYK[fK�JLD���?"?'�9F`?�DV\V?\+F`N�
4��:�;VMO[�>R?�JLDV[�FH;VJXF�FH;V?">RJLDVM¢��NP�O\�;]JL[�DVN@��NLiVDV\]JLId�
DVNPI"JLDG�¦[lMYD=ZPiV�YJLI"g�NPMODGF±FH;]J!F±��?RKyJLD�Il?yJLKU;tMYD�J :]DVM¢FH?·FHMO>@?L�·®f[�JXDtMO>@g�NLIlFUJXD-F"KNPDV[l?��-iV?�D=K�?LW�FH;V?UfNPgr� Sèj�MYDVNv��SE��?�j4;]JX> FH;=?�NPIl?�> [dFUJXF`?�[�FH;]J!F�FH;V?I`?�JL�¢��Jy�9[f?T�rMY[dF�J!F��Y?�JL[lF4NPDV?±>@MODVMO>RMO��MODVZ�ZP?�N9\V?�[lMYK
��?'FE��??�DÄJXD-��FE��Ntg�NLMYDGFH[@NL�fFH;V?	>RJLD=MO��NP�O\¥§¨M¨�?X�¶��;=MYKU;Æ�Y?DVZLFH;´MO[@F`;V?�\VMO[lFUJXDVK�?���?'FE��??�D´FH;V?	FE��N
g�NLMYDGFH[H©'�

v
x

w

u
t

γ

y
My

xy

xT  M

γ

0
x

°6MOZPiVI`?�qP��������������������� "!��# "�%$�& �� ��('����$*)�+, "�-'/.0�� �1320)�45�6���7'8$����#9:�7; I ��9:�<1=+ >?�#9:�# "�(@A�B�C��D��8E(�-)�9F'HGI�� �1KJ)�4ALNM�O E"�� � �)#��P*�<E8)=QR$���9:�81K��)S�B���7D��8E(�-)�9F'HTU�� �1WVX)�4	LZY#O\[]����^"'8_`+ ��+ '7 C���B^�9a��&b�-)c1��6d` ��<�6���<1�)#�7$C9e)b1f^CE(�
)= K�"�CE#�c���� "!��# "�g$�& �� ��*[�hjiakNlZ���7��C�R!��8)�1��('(+ E('%'m����9:�n+o "!j����.p��9:�q'm�B9a�*+ !f�"�<&r+o ��('<+, c�6���R�Bs�$#)= C�# "�n+t��&?Q���$K�� �1
�6���g1=+ 'm���� �E8�g��& )= "!3�6���#Qu+ 'HE8)= "'v�#9�DC�81w[

xSy]zbÎ	{�ÊN{ }�|¨� !��b}��V~v} °]I`NP> FH;V?3F`;V?�NLIl� NX�f[l?�KNPDV\´NPI`\V?I·\VM¢²³?I`?�DGF`M»JL��?��-i]JXF`MYNPD=[�Wh��?�Â-DVNv� F`;]JXF
FH;V?I`? ?T�rMOF`[�NPDV? JXDV\	NPDV�¢�RNPDV? ZP?Nr\=?�[`MOK [dFUJLIdFHMODVZ@JXF�J�ZPM¢�P?�D	��?�JXFHiVIl? � ��MOF`;�J�ZPM¢�P?D3FUJLDVZL?�DGF��P?KF`NPI��
:�;VMO[±JL�O�YNv��[�F`N3\V?�L?��ONPg¤FH;=?�>RJLDVM¢��NP�Y\QMYDQF`;V?�FHJLDVZP?DGF±[`g]JXK�?·JL�ONPDVZRFH;V?�ZP?�N9\V?�[lMYK[@§�F`;VMODVÂ+NX�bI`NP�O�OMYDVZ
JR[lgV;V?I`?�JX�YNPD=ZRM¢FH[�FUJXDVZP?�DGF4gV�YJLDV?�JXF4J@ZPMO�L?�D+g�NPMODGFT©T��:�;V?�ZP?Nr\V?[`MOK�[fZPNPMODVZ·FH;VIlNPiVZP;�FH;VMO[4g�NPMODGFfJLI`?
FHI`JLDV[l��NLI`>@?�\3MODGFHN�[lFHI`JLMOZP;GF��OMYD=?�[�JXDV\RF`;V?�\=MY[dFUJLDVK? JL�ONPDVZ"FH;=?�[`?fZP?�N9\V?[`MOK�[�JXI`?4K�NPDV[l?�Id�P?�\t§¨JXF��Y?�JL[lF�MYD
J3DV?�MOZP;-�kNPI`;VN9N9\¤NL� � ©'�±:�;V?���iVDVKF`MYNLD¤FH;]JXF >�JXgV[�FHN�?yJLKU;¦�P?KF`NPI�FH;=?�K�NPIlI`?[`gkNPDV\VMODVZ	gkNPMYDGF±NLD¤FH;V?
>RJLDVM¢��NP�Y\�MO[4K�JL�O�Y?\�F`;V? �B~f��������	$����������� �
:�;=MY[·>RJLg¸MO[·\V?f:VDV?�\´MYD F`;V?3��;VNP�O?�FHJLDVZP?D-F@[lg]JLK?�� M � §¨[`MODVK?3FH;V?	>RJLDVM¢��NP�O\¸MY[·ZL?�N9\V?�[lMYK�JL�Y�¢�

K�NP>@gV�O?F`?v©3�Vi=F�M¢F	MO[�NLDV?'SºFHNXS¡NPDV?¤NPD=�O�µ�YN9KyJL�O�¢�ÅJLI`NLiVDV\ÄFH;V?¦NLI`MOZPMYD³� C¡����?��ONrNPÂ´��NPI�F`;V?¦>RJ!�rMY>RJL�
\VNP>RJLMOD���;V?I`?3FH;=MY[�>�JXg MY[�NPDV?'SºFHNXS¡NPDV?XW���?�:]DV\ NLi=F�F`;]JXF�MOF�MY[·J�[lFHJLIdS¡[`;]JLgk?�\�\VNP>RJLMOD¸\V?��OMY>@M¢FH?\
�G�¤JRK�NPDGFHMOD-iVNPiV[±KiVIl�L? > M KyJL�O�O?�\¤FH;=? 	!����
���	$�����" ��%	��m� �- ��v' �f:�;=?�MY>RJLZL?�NL� > M �G��FH;V?�?'�rg�NLDV?�DGFHMYJL�
>RJLgQMO[�FH;V?�K�i=F4�ONrKiV[<� M NL��gkNPMYDGF � ��j�NPiVZP;=�O�LWVFH;VMO[fMO[�FH;V?�[`?'F�NX�6gkNPMOD-F`[4��;=?�I`?�[`?'�P?IHJL��>@MYDVMO>@MY�MYD=Z
ZP?�N9\V?[`MOK�[�[lFHJLIlF`MYDVZ���IlNP> � >@?�?'F(�v��� D3FH;=?±[`gV;V?I`?c� I ?v� @���NPI�MYDV[dFUJLD=K�?LWVF`;V? Ki=F��YN9K�i=[�NL��J�g�NLMYDGF � MY[MOF`[4JLDGFHMOg�N9\]JL�£gkNPMODGF�JXDV\�F`;V?±FUJLD=ZP?�DGFHMYJL��Ki=F4�YN9K�iV[�MO[�FH;V?"K�MOI`K�Y?"NL��IHJX\VMYi=[g�o�
:�;=?�?'�rgkNPDV?D-F`M»JX��>RJLg���M¢FH;VMOD�F`;VMY[�\VNP>RJLMOD I`?�JL�OMY�?�[·J�KU;]JLIlF�KyJL�O�O?�\ 	����3�B~f��������	������M ��S���j	 ��C¡F

K�Nv�P?I`[�JL�O�=FH;=?�>RJLDVM¢��NP�Y\@?T�=K?�g=FhF`;V?�K�irFh�YN9K�iV[bNX�kF`;V?�\V?'�P?�YNPg=>R?DGF�gkNPMOD-F�WP��;VMOKU;�;]JX[hJ D9i=�Y�V>@?�JL[`iVIl?L�
� ã Ø×0Ú6Ö�×ºÚlçdåT�0ÚdêT�'ÕyÛ!��Úhç��vÛ�êìØvç����£å��£Û!��ÚhçèêìØf�$��×ºÚ�Ø��rÛ!��åT� �0ÚèÛ�¡

Ñ�Ò�Ó�Ñ�Ô



���������
	������	�����������������
��������	����! "�#��	$�%�&��' �
��?F E ���� ��?�FH;V?�I`?gVI`?[`?�DGFHJXFHMONPD¦NL� � MODQFH;=MY[4KU;]JLIdFy��:�;V?�DQMOF`[�\VMO[lFHJLDVK�?�FHNRFH;V?�NPI`MOZPMODQMO[¸\VMO[lF ? ����� @y4C��� C M �o:�;VMO[�KU;VJLIlF�MY[�[`NL>R?;VNv�ÄFH;V?ylè>@NP[dF��OMODV?yJLI�m4KU;]JLIdF�NL��FH;V?4>RJLDVM¢��NP�O\R��M¢FH;3Il?�[lg�?KF�FHN�F`;V?���?yJXF`iVI`?
� �

wyx0w 	 ������
�~���~ ��9��� ���9|������������{�� �V~�|�� { } � Ê }v~�|¨� � Nv�"W�[`MODVK�?·��?@JLI`?���NPIlÂ-MYDVZ	��M¢FH;¤��?�JXFHiVIl?�[±NPD¤��;=MYKU;�JLKF`[±J�FHI`JLDV[d��NPI`>RJXF`MYNPD
ZPI`NLiVg3FH;]J!F�>@Nr\=?��O[�FH;V?�g�NP[l[`MO�V�O?±MY>RJLZP?4�9MY?'�¥gkNPMOD-F`[�WVM¢F�MO[�D]J!FHiVI`JL�kF`N�KU;VN9NP[`?"JXD3MYDG�XJLIlM»JLDGF�j�MO?�>RJLDrS
DVMYJLD+>@?'FHI`MOK�§�F`;V?"?'�rMY[dFH?DVK�?�K�NPDV\=MOF`MYNPD=[�JLIl?±\V?FHJLMO�Y?\QMOD�¬¹a�?D]uPxL¯ ©'�h:�;VMO[���Jy�PWkJL�O�³F`;V?">R?�JL[`i=I`?�>@?D-F`[
�]JL[l?�\�NLD�\VMO[lFHJLDVK?�JLIl?·MYD=\V?�gk?�DV\=?�DGF�NL��FH;=?RMO>RJLZP?@I`?'��?�Il?�DVK?���IHJX>R?·NLI"F`;V?·FHI`JLDV[l��NLI`>RJXFHMONPD�NL��FH;V?
MY>RJLZL?L�Q\=MY[dF ? ����� @p4 \VMY[dF ?���� ��� ��� � @'�

��?'F����k?hJ�gkNPMODGF�NL�-FH;V?b>RJLDVM¢��NP�O\±FH;]JXF³��?hKyJX�Y�LF`;V?bNPIlMYZPMOD£�£��?hKyJL�O� ���j��� ��T�S���
 ��S���j	 FH;=?b?'�rg�NLDV?�DGFHMYJL�
KU;]JLIdF±JXF4FH;V?�NPI`MOZPMOD+��NPI�FH;=?�MODG�LJXI`MYJLDGF >@?F`I`MOK·JLDV\���?�\V?�DVNXFH?��G���� FH;V?�I`?gVI`?[`?�DGFHJXFHMONPD¦NL� � MOD+F`;VMY[
KU;]JLIdFy�o®f[`[`i=>RMODVZ"FH;]J!Fo��?�;VJv�L?�KU;VNP[`?D�JXD·NPIlF`;VNXSED=NPI`>RJL�rK�N9NPI`\VMOD]JXF`?�[l�9[dFH?�>�WGFH;=?�\VMY[dFUJLD=K�?���MOF`;·FH;V?
NPI`MOZPMOD�MO[���\VMY[dF ? � �B� @p4 C��� C�� � Nv�"WL�O?F�� Y ��?�JylEgV�YJLK�?>R?DGF6��iVDVK'FHMONPD
mHWLM¨�?X�oJ�FHIHJXDV[l��NPIl>RJXFHMONPD�[`iVKU;�F`;]JXF� Y � �+4 � �f:�;V?�\VMO[lFHJLDVK?���?'FE��??�DtJLDG��FE��N	gkNPMODGFH[�MO[���\VMO[lF ? ����� @ 4 \=MY[dF���� �"!$#&%Y � ��� �('�4 C)� �"!$#&%*Y � �� C��
� DV?"KyJLD��P?I`M¢�ë�	FH;]JXF�F`;VMO[���NLI`>�i=�»J@MY[�MODV\V?g�?DV\V?�DGF�NL��F`;V?"KU;VNPMOK�?�NL��FH;V?"gV�YJLK�?>@?�DGFf��i=DVKF`MYNPD³�

xSy]zbÎ	{�ÊN{ }�|¨� !��b}��V~v}3� { Ï Êfy]zbÎ	{�Êw{ }�|�� !���� z �r} Î }�} Ê ~ zbÎ | { }�| :�;V?�gVI`?'�9MYNPi=[���NPI`>�iV�YJR[l;VNv��[
FH;]J!F±FH;V?·�P?KF`NPI ? � �"!$#&%*Y � �� @�MY[±F`;V?@I`?�g=I`?�[l?�DGFUJ!FHMONPD�NX� � MODtJLD�?'�rgkNPDV?�DGF`M»JL�hKU;]JXIlF�JXF ��?�JXFHiVIl? � �·:�;V?
K�N9NPI`\=MYD]J!FH?h[l�9[lF`?�>�NL�9FH;VMO[�KU;]JLIdF�MO[�NPIlF`;VNXSED=NPI`>RJL�X�Vi=F�MOF�\V?g�?DV\V[�NPD"FH;V?hKU;VNP[l?�D�gV�»JXK�?�>@?D-F���iVDVK'FHMONPD£�
C¡F�MY[�NL�ëFH?D�>@NPIl?hMYDGFH?I`?[lFHMODVZ4FHN4iV[`?hFH;V?hDVNLDrSENPIdFH;VNLZPNPD]JL�LK�N9NPI`\VMOD]JXF`?h[l�9[lF`?�>�MYD=\ViVK�?\��G�±FH;=?�g=I`MODVK�MOg]JL�
KU;]JLIdFyW_��;VMYKU;QMY[fMYDV\=?�gk?�DV\V?DGF±NL�6F`;V?�g=�»JLK?�>@?�DGFf��iVDVKF`MYNLD£��FH;=MY[4MY[4FH;V?"�P?KF`NPI E ��f� 4,+ ? � *Y @jB ? � �"!$#&%*Y � ,A@'W
��;V?�Il?-+ ? � *M @p4/.10 *2&3 *M)4. *M6555 *M87:9 MY[�F`;V?<;PJLK�NP�=M»JLD�NL��FH;V?±F`IHJLDV[l�»J!FHMONPD�NL��F`;V?"NPI`MOZPMOD+MOD	FH;V?"gVIlMYD=K�MOg]JL��KU;]JLIdFy�
°]IlNP> J�gVIHJLK'FHMOKyJL��g�NLMYDGF�NL���9MO?�"WVFH;=MY[�>@?yJXDV[�FH;]J!F���?±K�JLD lEF`IHJLD=[`�YJXFH?jm�F`;V? �ONrK�JL�³K�JL�YKiV�YJXFHMONPDV[�NPD

g�NLMYDGFH[�F`N�FH;V?±g=I`MODVK�MOg]JL�£KU;VJLIlF�NL��NLiVI�>RJLDVM¢��NP�O\��G��I`?�g=�»JLKMYD=Z E �= , 4 , E = ��M¢FH; E ��f� JLDV\ ,<> E �? � ��MOF`;@ �BA *M ? E �? � @ 4C� *M � ? + ? � *M @)�"!$#&%!B��D @T�+°]NPI�MODV[lFHJLDVK�?XW6FH;=?�?�>@gVMOI`MOKyJX��K�Nv�XJLIlM»JLD=K�?�>RJXF`I`M �t��MOF`; I`?[`gk?�KF�FHN¤J
g�NLMYDGF � W]�k?�KNP>@?�[�¬a�?�D]uLxL¯º�

JFEG EG ? �� @p4 �
c

7H
. 7 6 EI��f��J B EI��f��J R 4 �

c + ? � *Y @�BLK 7H
. 7 6NM � � !O#&%*Y � �� .�P\B M � �"!$#&%*Y � �� .�P RRQ BO+ ? � *Y @ R §dq�©

z@} Î � |0� Î zbÊ ~��=}�| Î5{ | CED��¨JLK'FyWP��?�;]Jy�L?f[l;VNv��D�FH;VJXF�>RNL[lF�NL�³F`;V?�MYDGF`?�I`?[lF`MYDVZ�NPg�?IHJXF`MYNLDV[hNPD�\=?FH?IdS
>@MYDVMO[lF`MYK�JLDV\�iVDVK�?IlFHJLMYD�ZP?�NL>R?'FHIlMYK���?yJXF`iVI`?[�K�JLD��k?�?T�rgVI`?[`[`?\·MYD�FH;V?�gVIlMYDVKMYgVJL�-KU;]JLIlF�NL�rFH;V?�>RJLDVM¢��NP�Y\
��MOF`; NPDV�¢��FH;V?R��?� NPgk?�I`JXFHMONPDV["��?�;]Jy�P?�MYDGFHIlNr\=iVK�?\£�Q°]IlNP> J+KNP>@gVi=FHJXFHMONPD]JL��gkNPMYDGF�NL���9MO?�"W6F`;VMY[
>@?yJLDV[�FH;VJXF�FH;V?"NPD=�O�	NLg�?IHJXF`MYNPD=[���?�;]Jy�P?"FHN@MY>@gV�O?�>@?D-Ff��NPI�?yJXKU;�FE�9gk?�NL����?yJ!FHiVIl?�JXI`? }�} Ê �]�L}�| Î	{
ÎTS ��}v~�� { | S¡Î ~ ���=}�| Î	{ ? � � �� @o��M¢FH;RM¢FH[�;PJLK�NP�=M»JLD=[<.10 2U3 *M)4. 2 JLDV\V.W0 2O3 *2 4. *M WrJXDV\ }*} ÊXz !��]� Ê � Êw{ } S � { �L}�| Î	{� *M ��M¢FH;tMOF`[N;PJXK�NP�VMYJLDX.10 2&YZ 4. *M �@eo�P?Il��;VMOZP;V?I"�Y?'�P?��hNPgk?�I`JXFHMONPD�KyJXDt�k?@?'�rgVIl?�[`[l?�\¸JX["J�KNP>��=MYD]J!FHMONPD�NL�FH;V?[`?@NPDV?["JLDV\¤F`;9i=[�K�JLD¦�k?·MY>@gV�O?�>@?�DGF`?�\�MODV\V?g�?DV\V?D-F`�O��NX��F`;V?·K�NLDV[`MO\V?�Il?�\�FE�9g�?·NL�h��?�JXFHiVIl?L��:�N
[`MO>@gV�YM¢�ë����iVIlF`;V?�I4K�NP>@gVirFUJXF`MYNPD=[�W_��?�KyJLDQJL\V\+F`NRF`;V?�[l?·JXF`NP>@MYK�NPgk?�IHJ!FHMONPDV[�FH;V?N;PJLK�NL�VM»JXDQNL��FH;V?�FH;V?
FHI`JLDV[`�YJXF`MYNPD�NL��FH;V?"NPIlMYZLMYD[+ ? � *M @T�
wyx]\ ^`_<���ba���~ ���dc
�feS�feS|������
:�;V?hKyJL[l?hNL�rAP�´IlNLFUJ!FHMONPDV[£MO[�MYDGFH?I`?[lFHMODVZfJL[�M¢F���NPI`>@[�DVNLF�NLDV�O� J�>�JXDVMO��NL�Y\"�Vi=F�JX�Y[lN�F`;V?oFHI`JLDV[d��NPI`>RJXF`MYNPD
ZPI`NLiVg �hgji���U4?�DVK?LW]FH;=MY[�MO[4MO>@gV�OMYKMOF`�O��JLD�;VNP>@NPZL?�DV?NPiV[�>RJLDVM¢��NP�Y\+JL[�FH;=?�ZLI`NPiVg�JLK'FH[�NPD�MOF`[`?�O�è�h®�D
Ó�Ó%á�¢S£�£#¤#¥



x � ������ 

MYDG�XJLIlM»JLDGF�>R?'FHIlMYK�[`;VNPi=�Y\�?�DV[liVI`?�F`;]JXFÄ\=MY[dF ? Y 6 � Y I @�4 \=MY[dF ? Y RI BTY 6 ����� @T� Uf?DVK�?���?�K�JLD���N9K�i=[�NPD
\=MY[dF ? Y ����� @'�oC¡F�MY[���?�Y�kÂ-DVNv��D�FH;VJXFyYÇKyJLD3�k?4KU;]JLIHJXKFH?I`MO��?\	�-��JLD�JLDVZP�O?9a�JLIlNPiVDV\3JLD3J!�rMO[�c §¨iVD=MOF
�P?KFHNLIU©'W]F`;V?�JLDVZP�O?"��?MYDVZ@D-iV�O����NPI�FH;V?"MO\V?�DGF`MOFE�L�
C¡F6FHiVIlDV[bNPi=FbF`;]JXFoF`;V?�MYDG�XJLIlM»JLDGF�j�MY?>RJLDVDVMYJLD@\VMO[lFUJXDVK�?�NPD0�hgjihMO[+\VMO[lF ? Y 6 � Y I @p4 a ? Y1RI BWY 6 @�§�[`?�?¬¹®f�OFHwPx=W³a�?�DVuPxX¯ ©'�±:�;V?�ZL?�N9\V?�[lMYK[±[lFUJXIlFHMODVZ3��IlNP> FH;V?�MO\V?D-F`MOFE�+��NPIfF`;VMO[±>R?'FHIlMYK·JXI`?�� ?�� @�4 Y ? a
	-B � � c @

JLDV\¸FH;=?�?T�rg�NPD=?�DGFHMYJL��>RJLg´JXF·MO\V?�DGF`MOFE�¶MO[�FH;V?�IlNLFUJXF`MYNLD �P?�K'FHNPI _ 4 a%BWc�� ®�[·��?�;]Jy�P? Y ? � � c @ 4Y ? Eg� � c�@'W³F`;V?�K�irF"�YN9K�iV[�NL�bFH;V?�MY\V?DGFHM¢FE�¦MY[fFH;V?�[l?F"NL�hIl?��]?KF`MYNPD�IlNLFUJXF`MYNLDV[��^U4?�DVK?LW£FH;=?�\V?f:VDVMOF`MYNLD
\VNP>RJLMOD�NX��F`;V?�gVI`MODVK�MOg]JL�]KU;VJLIlF�MO[hF`;V?�NPgk?�DR�]JL�O�� i ?�� � �F@T�o°]I`NP> J�KNP>@gVi=FHJXFHMONPD]JL�=g�NPMODGF�NL���9MO?�"W-��?
iV[`?�F`;V?�K�YNP[l?�\��]JL�O��F`N3I`?gVI`?[`?D-F�JX�Y��I`NLFHJXFHMONPDV[f�Vi=F ��?·;]Jy�P?�F`N3I`?>R?>��k?�I F`;]JXF±[d�r>@>@?F`I`MOK·g�NLMYDGFH[
JLI`?"MO\V?�DGF`M :]?\¤JXF�F`;V?"��NLiVDV\]JLId�	NL��FH;V?"\VNL>�JXMYD£�p_^4 �HBWc � _��S4 Eg�HBdc6�t9MYDVK?¤FH;V? � g i	MY[	J ZLI`NPiVg³W�F`;V?¦JLK'FHMONPDÄMO[�FH;V?QK�NP>@gkNP[`M¢FHMONPDÈJLDV\�F`;V?¤gV�YJLK�?>@?�DGF	��iVDVK'FHMONPDÅMY[
iVDVMO�-iV?��¢��\V?'FH?I`>@MYD=?�\£�¤F`;VMY[�MY[RFH;V?+MY\=?�DGFHM¢FE�«§ ���34 _L©'�ÄC¡�^Y ? _ @@JLDV\}_ ? Y^@�\V?DVNLF`?+FH;=?Q>RJLgVgVMODVZP[
��?'FE��??�D�I`NLFHJXFHMONPD·�P?KFHNLI`[�JLDV\@>RJXFHIlMYK?�[W-F`;V?4JLKF`MYNLDRMO[H_ I � _ 6 4 _ I�� _ 6 4 _ ? Y ? _ I @jBTY ? _ 6 @�@T�HUfNv��?�L?�I�W��?�DVNLF`?�F`;]JXF�FH;=?�\V?I`M¢�XJXFHM¢�P?[QKyJXD¥�k?t>@NPIl?�[lMY>@gV�¢�ÈK�NP>@gVirFH?�\ÇiV[`MODVZ´FH;V?tK�NP>@gkNP[`M¢FHMONPDÇNL��iVD=MOF
�-i]JXFH?I`DVMONPDV[�§¨?�-i]JXFHMONPDV[fJLIl?±ZPMO�L?�D+MYD�¬a�?�D]uLxL¯�JLDV\�¬ab:�uGp�¯ë©T�

� � ����#£���V#��R��������� 
��� ������
��� ��
�#£����������#

:�;V?	�O?yJL[dFlSE[l�-i]JLI`?[@K�I`M¢FH?I`MONPD¸MO[·?yJL[lMY�¢� ZP?DV?�I`JL�OMY�?�\¸FHN¦JXD-��>@?FHIlMYK	[lg]JLK?�JLDV\ M¢FH[·>@MODVMY>�iV>(KNPI`Il?'S
[`gkNPDV\V[@FHN�FH;=?+?>Rg=MYIlMYK�JL��>R?�JLDÆ�XJL�OiV?�MOD�J¦�P?�K'FHNPIR[`gVJLK�?X��:�;VMO[�NP�=[`?�Id�XJXFHMONPD´MY[@FH;V?��]JL[lMY[RNL�fFH;V?
FH;V?NPIl��NX�o?'�rgk?�K'FUJXF`MYNPD���NPI�IHJXDV\VNP> �XJLIlM»JX�V�Y?[fMOD�>R?'FHIlMYK�[`g]JXK�?�[fgVI`NLg�NP[l?�\��G��°_Il^�KU;V?'F·§�[`??�¬¹a�®�uGp!¯ ©'�
CED+NLiVI�KyJL[l?LWV��?�K�JLD�ZPNR��i=IlFH;=?�I�FH;VJLDVÂ-[4F`N·FH;V?"MOD-�XJLIlM»JXD-F4\VMO[lFHJLDVK?�JLD=\���IlMOF`?�M¢Fy�

> ? � @p4 �� B H . \VMO[lF ? ���B� .�@ I 4 �� B H . \VMO[lF ? � �"!$#&%*Y � �� . � ��@ I
x ~�~ Î ~ �kÊ �L} Î ~ � Nv�"W�FH;VJLDVÂ-[�F`N+F`;V?�ZLNrN9\�g=I`NPgk?�IdFHMO?�[�NL��FH;=?�gVIlMYD=K�MOg]JL��KU;]JLIlF�W�M¢F�FHiVIlDV[�NPirF�F`;]JXF
FH;VMO[ KI`M¢FH?�IlMYNLD¦KyJLD¦�k?�?T�=g=I`?�[l[`?\ JL[�J�K��YJL[`[lMYK�JL�o[liV>½NX�h[`�-i]JLIl?·NL�b�P?KFHNLI DVNPIl>R[� ��?F �� .e4 � �"!$#&%*Y � �� .
��?±F`;V?�lè?�IlI`NPI��L?�K'FHNPI�m"MYD�FH;=?�g=I`MODVK�MOg]JL��KU;]JXIlFy�h:�;V?�K�IlMOF`?�IlMYNPD��k?�K�NL>R?[

> ? � @p4 �� B H . C �� .�C I
��?"DVNXFH?±FH;]J!F�FH;VMO[�?'�rgVI`?[`[lMYNPDQMY[�NPDV�¢�3F`I`iV?"MOD�F`;V?"gVI`MODVK�MOg]JL��KU;VJLIlF��
:�N�>@MODVMO>RMO��?�FH;V?�K�I`M¢FH?I`MONPD¦JLD=\¤\V?F`?�Il>RMODV?�F`;V?�i=DVK�?IlFUJXMYDGFE�QJXF�F`;V?�>@MODVMO>�iV>�W³��?���MO�Y��DV?�?\QFHN

K�NP>@gVirFH?�MOF`[F:]Il[lF�JLDV\�[`?K�NPD=\�\V?�IlMO�XJXF`MO�L?�[�b°]I`NP>ÈFH;V?�JXFHNL>RMOKhNPgk?�IHJ!FHMONPDV[�WXJLDV\�iV[lMYDVZ4FH;V?�K�NL>RgkNP[lMOF`MYNPD
I`iV�O?���NPIf\VMO²�?�Il?�DGFHMYJL�O[�W���?·KyJLD�K�NL>Rg=i=FH?�F`;V?�?�IlI`NPIf�P?�K'FHNPIj�� .�JLDV\¦M¢FH[ ;PJXK�NP�VMYJLDV[ . *� �. *M � 4 . 2 �"!$#&%Y! 3 *M �. *M � W�JLDV\. *� �. *Y 4 . 2 �"!$#&%Y! 3 *M �. 2 �"!$#&%Y! B . 2 �"!$#&%Y!. 2 Y! B . 2 Y!. Y WXC¡�rFH;V?hiVD=K�?�IdFUJLMODGFE��NL�=F`;V?h>R?�JL[`i=I`?�>@?D-F`[ �� .9MY[�I`?gVI`?[`?�DGF`?�\��G�±FH;=?�KNv�LJXI`MYJLDVK�?
>RJXFHIlM¢�3J EG
" EG#" WVFH;V?"iVD=K�?�IdFUJLMODGFE��NL��FH;V?"?�IlI`NPI��L?�KF`NPI�MY[�[lMY>@gV�¢�k�

JhE$ N E$ Ne4&% �� .% �� . B�J EG " EG " B'% �� .% �� . R 4 % ? �� �"!$#&%*Y � �� .�@% �� . BTJ G N G N�B % ? �� �"!$#&%*Y � �� .D@% �� . R

(	Ê ~�| � �=}*| �kÊ | ÎTS }�} Ê �P~�|ë} Ê ~�| Î	{ trMYD=K�?"FH;V?"K�IlMOF`?�IlMYNPD�MO[ > 4 6I 8 . �� R. BU�� .ºWVFH;V?P:]Il[lF4\V?�IlMO�XJXF`MO�L?�MO[��
)G4+* % >% ���, R 4 H

. % �� .% �� R BU�� .
Ñ�Ò�Ó�Ñ�Ô



���������
	������	�����������������
��������	����! "�#��	$�%�&��' p

� ?ZP�Y?KF`MYDVZ�FH;=?oFH?�Il>¥MOD��� B � ��MOF`;"I`?�[lg�?KF�FHN�F`;V?oFH?I`>@[�MYD��� I MOD�F`;V?b[`?K�NPDV\�\V?I`M¢�LJ!FHM¢�P?�[�§�[`?�?4¬WV�s��Èw=qPW
[`?KFHMONPD+ÀV�ép�¯ë©TW=��?�NP�=FHJLMOD£�

� 4 % )% ����
H
. % �� .% �� R B % �� .% �� JXDV\ % )% �� . � % �� .% �� R

CED�F`;VMO[og]JLIdFHMOK�iV�YJLIoK�JL[`?XW-��?�K�JLD@?'�rgV�ONPMOFo[`NP>@?�gVIlNPg�?IlF`MY?[bNL�]FH;V?�MYDG�XJLI`MYJLDGFh>@?F`I`MOK�FHN NP�rFUJLMOD·>@NPI`?
[`MO>@gV�Y?"��NPIl>�iV�YJL[�§¨\V?'FUJLMO�O[fMODt¬a�?�D]uPxL¯ ©'�b��?";]Jy�P?L�

) 4 E + ? �� *Y @ � ! R % 7H
. 7 6 �� . JXDV\ � 4 ceBO+ ? �� *Y @ �"! R % BO+ ? �� *Y @ �"!$#&% JLD=\ % )% �� . 4 E + ? �� *Y @ �"! R % §!qP©

\<xnz �
	9��cS���TeS~LcS|�A�fe=|���� ���-e�	�~ ��~ ���b��~ � e � cS~
®mDV?�K?�[l[HJLId�¦K�NPD=\VMOF`MYNLD���NLI �� F`N	��?·J3>@MODVMO>�iV> NX��F`;V?�KI`M¢FH?�IlMYNLDtMO[ FH;VJXF FH;=?�\V?�IlMO�XJXF`MO�L? )«MO[±D-iV�O�0�
CED+NLiVI�KyJL[l?LWVFH;=MY[�ZPM¢�P?[�� H

. �� .�4 � 4 H
. ? � � !O#&%*Y � �� .D@

C¡F�>@?yJXDV[�F`;]JXF"FH;V?�>@?yJLD��XJL�OiV?�JLDV\tFH;V?��]JLIl�9K?�DGFH?I�K�NPIlI`?[`gkNPDV\ �� 	���� �B~f��������	$������ ��S���j	1��	�	���������������� ����� FH;=?��JLIl?±��NLF`;�D9i=�Y�¨�
°]NPI�I`NLFHJXFHMONPDV[WVFH;VMO[�DV?�K?�[`[`JLIl��KNPDV\VM¢FHMONPD�KyJLD���? ��IlMOFlFH?D£�H

. 2_ �"!$#&% � _h.�4 � NPI H
. _ ? 2Y R BWY9.�@p4 �

:�;VMO[4KNPDV\VM¢FHMONPD3��JL[�MODV\V?�gk?�D=\V?�DGFH�¢��\V?I`M¢�P?�\�§���NLI�I`NXFUJXF`MYNPD=[�NPDV�¢�=©�MYD�¬¹��?�DVuPxL¯£iV[lMYD=Z�FH;V? ��JLZPI`JLDVZPMYJLD
��NPI`>�iV�YJXFHMONPDµNX� FH;V?+�Y?�JL[lFdSE[l�9iVJLI`?[�NPg=F`MY>@MO�yJXF`MYNLD�gVI`NL�V�Y?>�� U4Nv��?'�P?�IW�;V?QiV[l?�[�JLD�JLg=gVI`Ny�rMY>RJXF`MYNLD
NL��F`;VMY[�DV?�K?�[l[HJLId� K�NLDV\VM¢FHMONPD�FHN+NP�=FHJLMYD�JQ[`NL�Yi=F`MYNLD£��CED K�NPDGF`IHJL[dFyW6��?�gVIlNPgkNP[`?�MYD�F`;V?�D=?'�9F�[l?�KF`MYNLD
JLD¶MYDGF`I`MODV[`MOK�JLDV\¶ZP?�D=?�I`MOK	ZPI`JL\VMO?�DGF@\V?�[lK�?D-F�JL�OZPNPIlMOF`;V> F`N :]DV\ÆJ¤[`NP�Oi=F`MYNPD¶NL��F`;V?	?'�=JLK'F@K�I`M¢FH?I`MONPD£�
CEDÄ¬��£j�t=u q�¯0W�Il?�9MY?'��?\¸NPg=F`MY>RJL��JLDV\�[`iV�9SENPg=F`MY>RJL��JL�OZPNPIlMOF`;V>@[�F`N+KNP>@gVi=FH?RFH;V?R>@MYD=MY>�iV>�NX��NLF`;V?�I
I`NLFHJXFHMONPD¦��iV[lMYNPDtK�IlMOF`?�IlMYNPD=[�� UfNv��?�L?�I�W�MO��FH;=?�[`?@[lNP�YirFHMONPDV[�JLI`?@iV[li]JL�O�O�¤K��ONP[`?\tF`N�NLiVI±MYD�FH;=?·KyJL[l?�NL�
J�[`>RJL�O�6?I`IlNPI�W_FH;V?'�QK�JLD¤\VM¢²�?�I [lMYZPD=M :]K�JLDGFH�¢�+��NLI��YJLI`ZP?I�\V?'�9M»JXF`MYNLDV[��"s�NPI`?N��L?�IW³FH;V?'�¤JXI`?��YMO>@MOF`?�\¤FHN
I`NLFHJXFHMONPDV[4JLD=\�K�JLDVDVNXFf�k?"?yJL[lMY�¢�	ZP?DV?�I`JL�OMY�?�\+F`N�NXFH;V?I�FE�rgk?�[4NL����?yJXF`iVI`?[��

\<x0w � 
�cS�p��|�~��e ��~ ����~��e ��� 
p��c=|�e�	��
��?F �� �k?fJXDR?[lF`MY>RJXF`MYNPD@NL�kFH;=?�>R?�JLD@��?yJXF`iVI`?X���  	����H���j��� ��T�S���� ��S���j	 WP��?�;]Jy�P?�FH;=?���NP�Y�ONv��MYD=Z�:�Jy�9�YNPI
?'�rg]JLD=[`MONPD¸§�I`?�>@?>��k?�I�FH;]JXF���?";]Jy�P?"FHN@I`?gV�»JXK�? = > E �? = �G� @ �BA *Y ? E �? � @`©'�

> M @ �BA *Y ? E �? � @ P 4 >�? �� @L> ) R B E �? � > �� E �? � R B�� B E �? � >�� M C E �? � C i P §0AG©

:�;V?�>RMODVMO>�iV> NX��F`;VMY[4JLg=gVI`Ny�rMY>RJXF`?�\+K�I`M¢FH?I`MONPD�MY[�ZPM¢�P?D+��NPI�
E �? � 4 E�� � !O#&% B )

j4?g�NLIlFHMODVZ3F`;V?��XJL�Yi=?�[±NL�h?�9iVJXFHMONPDÆ§!qP©TW³��?+:]DV\¤FH;=?��P?�Id�¤[lMY>@gV�O?·��NPI`>�iV�»Jr� E �? � 4C+ ? � *Y @�B&67 B 8 7. 7 6 �� .E�Uf?DVK�?XW_F`;V?">@MYDVMO>�i=> NL��F`;V?�JLgVgVIlNy�=MO>RJXFH?\QKI`M¢FH?�IlMYNLD+MO[�I`?yJX�YMO��?\+��NPI
��� 4 @ � A *Y ? E �? � @p4 � *Y � M + ? � *Y @ �"!$#&% B E �? � P`4 � *Y � K �c B 7H . 7 6 �� . Q

Ó�Ó%á�¢S£�£#¤#¥



w � ������ 

� Nv�"WX��?�KyJLD�NP�=FUJXMYD�Jf>�i=KU;·��?'F`FH?I6?[lFHMO>RJXFHMONPD�NX�VFH;V?�FHI`JLDV[l��NLI`>RJXFHMONPD��-��M¢FH?IHJXF`MYDVZfFH;V?�gVI`?'�rMONPiV[
JL�OZPNPI`M¢FH;=>���®�[fJLDQMODVM¢FHMYJL��?�[dFHMO>�J!FH?LW_��?�K�JLDQKU;VN9NP[l?�JLDG�	��?�JXFHiVIl? �� .�MO�oDVNLFH;=MYDVZR?��O[`?�MY[4ZPM¢�P?D£� ��?F-����
��?±F`;V?"?�[lF`MY>RJXF`MYNLD+NL��FH;=?"F`IHJLD=[l��NPIl>�J!FHMONPDQJ!F�[lFH?g � �h:�;V?"DV?T�9F�?[lFHMO>RJXFHMONPD�MY[

������ 6 4 @ �BA *Y�� ? E �? � � @�4 �� *Y � � K �c 7H
. 7 6 M �� �"!$#&%*Y�� � �� .�P Q §¨À-©

:�;=?·gVI`N9K�?[`[±MO[±[lFHNLgVg�?\¦��;V?�D�FH;V?�DVNPI`> C E �? � � C�NL�hFH;V?·JX\XcdiV[lF`>@?�DGF"�P?�K'FHNPI±�k?�KNP>@?�[±FHN9N3[l>�JX�Y�
§���?�i=[`?���4 �#��	 6 	 W=��;VMOKU;QMO[�JX�Y>@NP[dF�FH;V?"D-iV>@?�IlMYK�gVI`?K�MO[`MONPDQNL��FH;=?�>RJLKU;=MYDV?y©�NLI���;V?�D�FH;V?"D-iV>��k?�I
NL��MOF`?�I`JXFHMONPDV[��k?�KNP>@?�[�F`NrN�;=MYZP;³��abI`JLKF`MYK�JL�Y�¢�PWr��?±NP�=[`?�Id�P? F`;]JXF�F`;VMY[�JX�YZPNLI`M¢FH;V> JL�¢��Jy�9[�K�NPDG�L?�I`ZL?�[�MYD
JL�kNPi=F � M¢FH?�I`JXFHMONPDV[4��NPIfJLDG��FE�9gk?�NL�6��?yJXF`iVI`?[��4CEDQFH;V?�KyJL[l?�NL�og�NPMODGFH[WkF`;V?�?�9iVJXFHMONPD¤MO[�[lMY>@gV�OM :V?�\¤FHN= ��� 6 4 67�8 . ,�.EWr��;VMYKU;+ZPM¢�P?�[�FH;=?��VJLIl�9K�?DGFH?�IfMYD�NPD=�O�	NLDV?"MOF`?�IHJ!FHMONPD���IlNP> JXD-�3[lFUJXIlFHMODVZRg�NLMYDGFy�
\<x]\ ^ � eS|�� �feS|���� ���-e�	�~ ��� ��~Lc eS��|��e�
 �fe e�	9~ � |���|��,�9�
��?�;]Jy�L?+NP�rFUJLMODV?�\´JL�kNv�P?	FH;=?�F`IHJLD=[l��NPIl>�J!FHMONPD¶>RMODVMO>@MY�MYDVZ�FH;=?�KI`M¢FH?I`MONPD´��NLI�FH;V?	NP�=[`?�Id�P?\µ\]JXFHJ=�
� Nv�"W³[lMYD=K�?�F`;V?�\VJXFUJ�JLI`?�K�NPIlI`iVgrFH?�\¦�G��DVNPMO[`?3§¨Il?�gVIl?�[`?DGFH?�\��G��FH;V?MYIfK�Nv�XJLI`MYJLDVK?�>RJXF`I`M �]©TWkF`;V?�?[lF`M¢S
>RJXFH?\+>@?yJXD��XJL�OiV?"K�NPi=�Y\+��?±[l�YMOZP;GFH�¢��\VM¢²³?I`?�DGF4��I`NP> FH;V?"?T�VJXKFfNPDV?L�o��?"DVNv�«�-i]JLDGFHM¢�ë�3F`;V?"KU;]JLDVZP?
MYD�FH;=?�[dFUJXF`?±�P?�K'FHNPI���M¢FH;�I`?�[lg�?KF4FHN·FH;=?�KU;VJLDVZP?"MOD�F`;V?"\]JXFUJr�

��?'F@iV[RJL[`[liV>@?���NPI�F`;V?	>@NP>@?�DGFRFH;]JXF@�kNLF`;¶F`;V?	\]JXFHJ�JLDV\¶FH;V?�[lFHJXFH?�JXI`?	�P?KFHNLI`[�� ��?F �� R 4? �� R6 � B#B#B �� R7 @��k?�F`;V?��P?�K'FHNPIRNL��NP�V[`?Il�L?�\Ä\]JXFHJµ§ëFH;V?	�L?�KF`NPI�NX� JL�O��?�IlI`NPI·�P?KF`NPI`[H©�JLDV\ �= FH;=?�KNPI`Il?'S
[`gkNPDV\VMODVZR>@?yJLD	�XJL�OiV?R§���?";]Jy�P?�JL\V\V?\�;V?�Il? FH;V?±;]J!FH[�FHN@[dFHI`?[`[�FH;=?±\VMO²�?�Il?�DVK?��k?FE��?�?DQJXKFHiVJL��JLDV\
g�NXFH?�DGF`M»JL��>@?yJX[`iVIl?�>@?�DGFH[H©'��:�;=?�>@MODVMY>�iV> = ? � @�NL��F`;V?�K�I`M¢FH?I`MONPD���NPI4J@\VJXFUJ·�P?KFHNLI � MO[4KU;]JLIHJXKFH?IdS
MY�?�\t�G� ) 4 M .�.�� R P 4 � ����?'F �� JLDV\ �+��54 . �.�� .�� �k?�FH;V?��XJL�OiV?�["NL�hF`;V?·[`?K�NPDV\tNPIl\V?�I±\V?I`M¢�XJXFHM¢�P?[NL�bFH;=?�K�IlMOF`?�I`MONPD¦J!F�FH;=?·JLKF`i]JL���XJL�Yi=?�[ ? �� � �= @T�^trMODVK�? �= >@MODVMO>RMO��?[ FH;V?�K�I`M¢FH?I`MONPD¤��NPI4FH;V?�\]JXFUJ �� Wk��?
;]Jy�P? ) ? �� � �= @H4 � JLDV\+J·:6Jy�9�YNLI4?T�rg]JLDV[lMYNPDQJLI`NLiVDV\	FH;V?[`?"�XJL�Yi=?�[4ZPMO�L?�[�) ? � � = @H4 �+���B ? � E �� @L> ���B ? = E �= @L>�� ? C = E �= C I @L>�� ? C � E �� C I @
eb�9iVJXFHMODVZ�F`N@��?�IlNVWV��?�NL�=FUJLMOD+J@[l?�KNPDV\QNLI`\V?I�JLgVgVIlNv�rMO>RJXFHMONPDQNX�6Il?��YJXFHMONPD���?'FE��??�DQF`;V?"[lFHJXFH? == E �= 4 E �� � !O#&% B �+���B ? � E �� @L>�� ? C � E �� C I @
:�;-iV[�W]FH;=?�KNv�LJXI`MYJLDVK�?�NL� �= MO[��

J��� �� 4�� ?�? = E �= @�B ? = E �= @ R @p4 �� �"!$#&% B �+���BTJ��� ��
�+ R� B �� �"!$#&%

®�[l[`iV>@MODVZ�FH;VJXFfJL�Y��NLiVI�>R?�JL[`i=I`?�>@?D-F`[±JLIl?�MODV\V?g�?DV\V?�DGF�Wk��?�;]Jy�L?+J ��� 4¥�fCE®�V ? J�������� � BhB#B&J���� ����@JLDV\���?�KyJXD�[lMY>@gV�OM¢�ë� �+���B�J!�� ��
�+ R� FHN@NP�=FHJLMYD³�
J"�# �# 4 �� �"!$#&% B K H

. % �)% �� . BTJ $ " $ " B % �)% �� . R Q B �� �"!$#&% § � ©
CED	NLiVI�KyJX[`?LWVF`;V? \]J!FUJ·JLDV\3F`;V?±[lFHJXFH? JLI`? D=NLF��P?KF`NPI`[W]�Vi=F���?yJ!FHiVIl?�[�MOD�J·j4MO?�>RJLDVD=M»JLD�>RJLDVM¢��NP�O\£�

CEDR�¨JXKFyWX��?�KyJXD�\VN F`;V?�[HJL>@?�\V?I`M¢�XJXFHMONPDR�-��I`?gV�»JXK�MODVZ ? = E��= @���MOF`; E � ��B� 4 + ? ��$*Y @jB ? � � !O#&%$*Y � ,A@6JLDV\ ? � E �� @
��MOF`;3J±[`NL>R?;VNv�Ä[`MO>@MY�YJLIh?'�rgVIl?�[l[`MONPD£��C¡FbFHiVIlDV[�NLi=FbFH;]J!FbFH;V?4\V?f:VDVMOF`MYNLD�NL�kFH;=?4KNv�LJXI`MYJLDVK�?4MO[�KU;VJLDVZP?\
JLK�KNPI`\=MYDVZL�O��§�?��-i]JXF`MYNPDtq�©�JLD=\�F`;]JXF :]D]JX�Y�¢�	DVNLF`;VMODVZ�MO[�KU;]JLDVZL?�\QMOD�?��-i]JXF`MYNLD¸§ � ©'�

Ñ�Ò�Ó�Ñ�Ô



���������
	������	�����������������
��������	����! "�#��	$�%�&��' u

� { � Ê ~v}v�?| { } Ë¸ÎTS }�} Ê ! Ê �]|} Ì |�� ���V~ Ê � Ê � { � � ! � Ê ªf[`MODVZ�F`;V?��XJL�OiV?�[�NL��F`;V? \V?I`M¢�XJXFHM¢�P?[4ZLMO�L?�D�MYD
?��-i]JXF`MYNLD¸§!qL©'W=��?"NP�=FUJXMYD£�

J"�# �# 4 + ? �� $Y @jB * 8 . J �$ N �$ Nc I , BU+ ? �� $Y @ R
C¡� JX�Y��F`;V?	>@?yJL[liVI`?[�JLIl?	MY\=?�DGFHMOKyJL�O�¢�¶\VMY[dFHIlMY�VirFH?�\ÆNP�V[l?�Il�XJXF`MYNLDV[@NL�fF`;V?	[HJX>R?�I`JLDV\VNP> ��?yJXF`iVI`?�§ëFH;V?
�Y?�JL[lFdSE[l�9iVJLI`?[�?�[dFHMO>�J!FHMONPD�MO[�NPgrFHMO>�JX�]NPDV�¢��MOD�F`;VMO[�K�JL[`?y©'W-��?fKyJLD�?�[lF`MY>RJXF`?PJ �$ N �$ N6iV[lMYDVZ�FH;V?4I`?[`MO\Vi]JL�O[��

J"�# �# �
+ ? �� $Y @�B K 8 . ? � �"!$#&%$Y � �� .�@�B ? � �"!$#&%$Y � �� .D@ R

c ? c E � @ Q BU+ ? �� $Y @ R §0xG©

\<x�� ^`_<���ba���~�� |�e�	 c
� e
�feS|������
��?�;]Jy�P?�gV�YNXF`FH?\�MOD�:]ZLiVI`?¤§!qP©�FH;=?�>@?yJXD¸JLDV\��]JLIl�9K?�DGFH?I�NL� � X�IlNLFUJXF`MYNLDV[�I`JLDV\VNL>R�¢�t\VMO[lFHIlMY�=i=FH?\
JLI`NLiVDV\�FH;V?�lde6�=JLK'Fnm±IlNLFUJ!FHMONPD�§���M¢FH;�[lFH\³��\=?�k��x�X@\=?�ZVW]ALx@\=?�Z�JLDV\tqvw·\V?�Z�JL�ONPDVZ·FH;V?P_��GW�_ � JLD=\ _�	J!�r?�[H©'�±j�NLFUJ!FHMONPDV[fJLI`?�I`?�g=I`?�[l?�DGFH?\��-��FH;=?�MOI�I`NXFUJXF`MYNPD��P?KFHNLI gVI`N!cd?�KF`?�\¦NPD+FH;V? ? _
� � _ � @�gV�YJLDV?X��:�;V??'�9FH?I`MONPI KMYIlK��O?�I`?gVI`?[`?D-F`[ FH;V?���I`NPDGF`MY?IfNL�6FH;V?�\V?f:]D=MOF`MYNPDQ\VNP>RJLMOD¶§jCj_QC94 a+4 ��©'�4eb[lFHMO>RJXFHMONPDV[ JLI`?
I`?gVI`?[`?�DGF`?�\Æ��M¢FH;¸F`;V?�MOI�gVIlNXcd?�K'FH?�\¶iVD=K�?�IdFUJLMODGFE�¸?��O�OMYgV[lNPMO\µJXF � I 4��¤MYD¶ZPIl?�P��:�;V?	�YJLIlZP?�I�?�Y�OMOgV[`?[
I`?gVI`?[`?�DGF�F`;V?�\=MY[lg�?I`[`MONPD3NX�£\]JXFHJ�JLIlNPiVDV\RFH;V?4>@?yJLDR�XJL�Yi=?·§¨M¨�¹?L�6F`;V?�gVIlNXcd?�K'FH?\3iVDVK?�IlFHJLMOD-FE��?��O�OMYgV[lNPMO\
NL��FH;V?"?�[dFHMO>RJXFH?\ZJ $ $ JXF � I 4�P©'�CED�FH;V?fgVI`MODVK�MOg]JL�kKU;]JLIdF"§��Y?'�ëF�NL��:VZPiVI`?PqP©bF`;V?��VJLIl�9K�?DGFH?�I�KyJLDVD=NLF�FHJLÂL? MODGFHN·JXK�K�NLiVDGF�FH;=?<lE��IlNPDGFHMO?�I
?²�?�K'Fnm+§�I`NLFHJXFHMONPD¤�P?KF`NPI`[�_ 4 �HBdc¶JLDV\ E�_�JLI`?·MO\V?�DGF`MYK�JL�hJLDV\�I`NXFUJXF`MYNPD=[ �P?�K'FHNPIl[�JXI`NPiVD=\�F`;V?�> JLI`?
K��ONP[`?tI`NXFUJXF`MYNPD=[U©'� �±DÅFH;=?¦K�NPDGFHI`JLIl�LW�FH;=?t>@?�JLDÇIlNLFUJ!FHMONPDÄ[`??�>@[�F`N¶��?tJLDÈJLKK�iVI`JXFH?�?�[dFHMO>RJXFHMONPD£�UfNv��?�P?I�WkMOF�MY[�\VM¢¿RK�iV�¢F�FHN·[HJy�3��;=MYKU;�?�[dFHMO>�J!FHMONPD+MO[�FH;=?±��?[lF4MO����?"\VNPD£Ã F�Â-DVNv�¥FH;=?±?'�=JLKF4IlNLFUJXF`MYNLD£�
:�;V?�I`MOZP;GF	>@?F`;VNr\ÄF`N �rMO[`iVJL�YMO��?¦F`;V?¦\VMO[`gk?�I`[lMYNLDÈNX��\VJXFUJ¸JLIlNPiVDV\�F`;V?¦>@?yJLDÄ�XJL�OiV?¦MO[�FHN¸iV[l?¦FH;V?
?'�rgkNPDV?�DGF`M»JL�bKU;VJLIlF�K�?DGFH?�Il?�\tNPD¦FH;VMO[">@?yJLD¦�XJL�OiV?�§D:]ZLiVI`?�q3NPD¦FH;=?·I`MOZP;GFT©'��CEDtF`;VMO[±KU;]JLIlF"NLDV�O�LW�FH;V?
�]JLId�rK?�DGFH?I±NL�bFH;=?�\]JXFHJ�K�NLI`I`?[`gkNPDV\V[ F`N�FH;=?�>@?yJLD¤�XJL�OiV?X����?�KyJLD¦[l?�?�F`;]JXF�IHJLDV\=NP>¼I`NLFHJXFHMONPDV[�JLI`?
��?�Y��ZLI`NPiVgk?�\�JXI`NPiVD=\3FH;V?±>@?yJXD3�LJX�YiV?R§ë��?±[l;VNv�¥;=?�I`? F`;V?±[`?KF`MYNPD�NL��F`;V? I`NXFUJXF`MYNPD3�L?�K'FHNPI��]JX�Y�k��MOF`;
FH;V?">RJ!�rMO>�JX��\=MY[lg�?I`[`MONPD£W]��;VMOKU;+��JL[�DVNLF�F`;V?"KyJL[l?�MOD�FH;V?"gVIlMYDVKMYgVJL��KU;]JLIdFT©'�

Exact

Bary

Mean

Mean
Exact

°6MOZPiVI`?�qr� � �b�������S�"�� j�� �1 PC��9��CE8�# ��-�#9�)�4�����9e�� �1�)=Q 9:)#�m�"�B+ )= "'R��9e)=^� �1p�B�C�����Bs#�CE(���K)= ���+, W�6��� $�9�+o �E�+,$C��&
E#�C��9:����E8�# "�-�#9e�810��9e)=^� �1����! #"�$%�'&)()*6[�h0iakNlZ���,+�s#�CE(���� C1X9a�� �1�)=Q 9e)#�����n+ )= "'�+, S�6���gE#�C��9F�E8�# ��-�#9:�810)= 
�6���3Q7�"�� K9e)#�����n+ )= "'-��+o[t�*[�./�,�0 �*6[

Ó�Ó%á�¢S£�£#¤#¥



q-X � ������ 

� � ��#�
��� ���Ä��������������
� �X���±���	����#
��?·;VJv�L?@\V?�L?��ONPg�?\t��M¢FH;¦F`;V?·�Y?�JL[lFdSE[l�9iVJLI`?@K�IlMOF`?�IlMYNPDtJ���;VNL�Y?���NPIl>RJL�YMO[`>%FHN	NP�rFUJLMOD¦FH;V?�>@MODVMO>�iV>
NL��J�KI`M¢FH?I`MONPDÆNLDÆJ¤>RJLD=MO��NP�O\ÆJLDV\¶?�[dFHMO>�J!FH?	FH;V?�iVD=K�?�IdFUJLMODGFE�¶NL��FH;V?�Il?�[`i=�OF�� ��?�KyJXD´D=N�� ?yJL[lMY�¢�
ZP?�D=?�IHJX�YMO��?±FH;=MY[4JLD]JX�O�9[`MO[�FHN·NLF`;V?�I�KI`M¢FH?I`MONPDV[�[`iVKU;+JL[���?�MOZP;GFH?\+�O?yJL[dFlS¡[`�-i]JLIl?�[fJLDV\3FH;=?�sQJL;]JL�YJLDVNL�VMY[
\VMO[lFUJXDVK�?X�

��xnz � ~�| 
 	e
~ � ��~ ����e������ �9��cS~ �
®�[l[`iV>@MODVZ	FH;]JXFf��?�;]Jy�P?·J�KNPDS:]\=?�DVK?��LJX�YiV?�;=.oNLD¤?yJLKU;¦>@?�JL[`iVIl? �� .EW���?�K�JLDQFUJXÂL?�M¢F MODGFHN	JLKK�NPi=D-F
MYD�FH;=?"��?�MOZP;GFH?\Q�O?yJL[dFlS¡[`�-i]JLIl?�KI`M¢FH?�IlMYNLD£�

> ? � @p4 �� H
. ;=.0Bv\=MY[dF ? ���B� .�@ I 4 �� H

. ;=.!B�C �� .�C I
:�;V?�>@?F`;VNr\@MO[oI`MOZPNPIlNPiV[l�O��[`MO>RMO�YJLI6FHN F`;V?��O?yJL[dFlSE[l�-i]JLI`?�K�JL[`?XW-JLDV\·NPD=�O��FH;V?�\=?�I`M¢�XJXFHM¢�P?[�JLI`?�KU;VJLDVZPMODVZV�
��?";]Jy�L?�MODV\V??�\£�

)G4 E + ? �� *Y @ �"! R % H . ;=.!B&�� . � 4 K H
. ;=. Q BU+ ? �� *Y @ �"! R % BU+ ? �� *Y @ �"!$#&% % )% �� . 4 Ep;=. BO+ ? �� *Y @ �"! R %

ªf[lMYDVZ@FH;=?�[`?�DV?'�«\V?�IlMO�XJXF`MO�L?�[W_��?�NP�=FUJXMYD	FH;=?"��NL�Y�ONv��MYDVZRZPI`JL\VMO?�DGF4\V?�[lK�?�DGF�?��-i]JXF`MYNPD³�

������ 6 4 �� *Y � � �� 8 . ;=.!B M �� � !O#&%*Y�� � �� . P
8 . ;S. 	


JLDV\�FH;V?"iVD=K�?�IdFUJLMODGFE��JXF�FH;V?">@MODVMY>�iV> MO[4ZLMO�L?�D��-�

J �# �# 4 + ? �� $Y @�B * 8 . ; I. BTJ �$ N �$ N? 8 ;=.�@ I , BO+ ? �� $Y @ R
ª4[`i]JX�Y�¢�PW9FH;V?4��?MYZP;GF`?�\	�O?yJL[dFlSE[l�-i]JLI`?fK�IlMOF`?�I`MONPD3MO[�i=[`?�\	M¢�£��?�Â-DVNv�ÅFH;]J!F�JL�O�_I`?[`MO\Vi]JL�k�P?�K'FHNPIl[�;]Jy�P?

FH;V?�[HJL>@?�§��Vi=F·iVD=Â9D=N���D]©�K�Nv�XJLI`MYJLDVK?3>RJXFHIlM¢� J iVg FH;=?3[`K�JL�Y?��¨JLKF`NPI`[�;S.¡� J 4�;=.!B�J E$ N E$ NH�¦CED�F`;VMY[
KyJL[l?LWAJ«KyJLD��k?�?[lF`MY>RJXF`?�\���I`NP> FH;V?"I`?[`MO\Vi]JL���L?�KF`NPI`[��G� �J 4 67 	 6F8 ;=.0B ��� . B ��� R. W]JLDV\	F`;V?"iVDVK�?IlFHJLMYDGFE�
NL��FH;V?">@?yJLD���?yJ!FHiVIl?��k?�KNP>@?�[�

J �# �# 4 + ? �� $Y @�BLK �J
? 8 ;=.D@ Q BU+ ? �� $Y @ R 4 + ? �� $Y @jBLK 8 . ;=.0B ��� .!B ��� R.? c E � @ ? 8 ;S.D@ Q BO+ ? �� $Y @ R

��x0w �+~ �p� e�h{G|�~��������9|�������� � 	9�������9���1|�� ��|���e
��� ��~
:�N"JX�Y�ONv�Æ\=MO²�?�Il?�DGF�JLDV\·DVNLD�MY[lNLFHIlNPgVMOK�K�Nv�XJLI`MYJLDVK?�>RJXFHIlMYK?�[o��NPI�\VM¢²³?I`?�DGFh>@?yJX[`iVIl?�[�WG��?�KyJXD·>RMODVMO>@MY�?
FH;V?·[liV> NX�bFH;V?�§�[`�-i]JLIl?�\_©±sQJX;]JL�YJLDVNP�VMO[±\VMO[lFHJLDVK�?[±��MOF`;�F`;V?�>@?yJXD��XJL�OiV?X��CED�NPi=I���IHJL>@?'��NPIlÂ_W£FH;V?
sQJL;]JX�»JLD=NP�VMO[f\VMO[lFHJLDVK?�� I ? ����� @��k?FE��?�?D¦J\:=�r?�\Q��?�JXFHiVIl? � JLD=\QJ@IHJLD=\VNP> NPD=? � MY[4\V?�:]DV?�\QMYD�FH;V?
?'�rgkNPDV?�DGF`M»JL��KU;]JXIlFfJXF�FH;=?�I`JLDV\VNL> ��?yJXF`iVI`?X�� I ? ����� @p4 � � � !O#&%*M � �� ' R BU+ ? � *M @ R B�JFEG EG BO+ ? � *M @jB M � �"!$#&%*Y � �� P

Ñ�Ò�Ó�Ñ�Ô



���������
	������	�����������������
��������	����! "�#��	$�%�&��' qPq

�ÅMOF`;	FH;VMO[���NPI`>�iV�YJXFHMONPD£W=F`;V?�sQJL;VJL�»JXDVNP�VMO[�\VMO[lFUJXDVK�?"MO[�MYDG�XJLI`MYJLDGF���M¢FH;�I`?�[lg�?KF�F`N@F`;V?±ZPIlNPiVg�JLK'FHMONPD£�� I ? � � ��� � � � @<4 � I ? ��� � @T� ��?�;]Jy�P?·MOD¦g]JLIlF`MYKiV�YJLI�� � I ? ��� � @<4 � I ? � � �� @���;V?I`? �� 4 � � !O#&%*Y � �� MO[ FH;V?
[HJL>@?�?�IlI`NPI��L?�KF`NPIfJL[���?'��NPI`?�JLD=\�F`;V?"K�I`M¢FH?I`MONPD�>�Jy�	�k?±��I`M¢F`F`?�D

> ? � @p4 �� H
. � I ? ���n� .D@H4 �� H

. �� R. B�J �"!$#&%$ N $ N B&�� .
:�;-iV[WXF`;V?�JL�YZLNPI`M¢FH;V>¥MY[�FH;=?�[`JL>@?hF`;]JLD"��NPI�FH;V?h�O?yJL[dFlS¡[`�-i]JLIl?�[�WL�Vi=F�FH;V?h\V?I`M¢�XJXFHM¢�P?[6NL�9FH;V?hKI`M¢FH?�IlMYNLD

JLI`?"\VM¢²�?�I`?DGFy�h:�;V?^:]I`[dFf\=?�I`M¢�XJXFHM¢�P?�MO[
) 4+* % >% �� , R 4 H

. % �� .% �� R B�J � !O#&%$ N $ N B&�� .
trMO>RMO�YJLI`�¢�PW]FH;=?�[l?�KNPDV\Q\=?�I`M¢�XJXFHM¢�P?[fK�JLD���?�JLgVg=I`Ny�rMY>RJXF`?�\��-�k�

� 4 % )% ����
H
. % �� .% �� R BTJ �"!$#&%$ N $ N B % �� .% �� JXDV\ % )% �� . � % �� .% �� R B�J �"!$#&%$ N $ N

� Nv�"WhFH;V?�:�Jv�9�ONPI@?'�rg]JLD=[`MONPD´��NLI�FH;V?	KI`M¢FH?�IlMYNLDÆMO[·FH;V?	[`JL>@?LW�JXDV\¸FH;V?	?'�PNP�Oi=FHMONPD´��NPI�FH;=?�ZLIHJL\VMO?�DGF
\V?�[lK�?D-F�MO[�[dFHMO�Y�=ZPMO�L?�DR�G�·?��-i]JXF`MYNLD¤§�À-©'����?�K�JLD@iV[`?�FH;=?�[HJL>@?�[lFHJLIlF`MYDVZ±�XJL�OiV?�JLDV\@[dFHNPgVg=MYDVZ"KI`M¢FH?�IlMYNLD
JL[��k?��NPIl?L��abIHJXKFHMOKyJX�Y�¢�PWo��?	;]Jy�P?	NP�=[`?�Id�P?\ÆJ+K�NPDG�P?I`ZP?DVK�?�MOD¸JL�kNPi=F3q � MOF`?�I`JXFHMONPDV[���;=?�D¶[lFHJLIlF`MYDVZ
��I`NP> MY\V?DGFHM¢FE��JLDV\�MYD�JL�kNPi=F � MOF`?�I`JXFHMONPDV[���;V?D+[dFUJLIdFHMODVZR��IlNP> F`;V?"�Y?�JL[lFdSE[l�9iVJLI`?[f[lNP�YirFHMONPD£�
°]NPI±F`;V?�iVD=K�?�IdFUJLMODGFE��NX��FH;=?�[`NL�Yi=F`MYNLD£W���?3I`?gV�YJLK�?RFH;V?@�XJL�Yi=?�[�NL� � JLD=\ . �. *��� MODGFHN¤?�-i]JXFHMONPD�§ � ©JLDV\���?�NP�=FHJLMOD+J!�ëFH?�I�[lMY>@gV�OM�:]KyJXF`MYNLD£�

J �� �� 4 �� � !O#&%
��;V?�Il? �� �"!$#&% MY[�FH;=?gU4?�[l[`MYJLDQ>RJXF`I`M ��JXF�FH;V?"NPgrFHMO>�iV>��
� $%&������
'����� ����� ������
�#����

CEDÄFH;V?Q��NL�Y�ONv��MYDVZ=W���?¦\V?DVNLFH?¦�G� � t��·W�� �Ft�� JXDV\Ès+®1U4® FH;=?QFH;VIl?�?¦gVIl?�9MONPiV[	>@?F`;VNr\=[�����?
JLD]JL�¢�9��?�;V?I`?3FH;=?	I`?��YJXF`MO�L?�JLK�KiVIHJLK'�¸NL��F`;V?	\VM¢²³?I`?�DGFR>@?F`;VNr\=[�WbFH;V?�JXK�K�i=IHJLK'� NL��FH;=?	iVDVK�?IlFHJLMYDGFE�
NPD¤FH;=?�>@?yJLD¤�XJL�OiV?�§ë��;VMYKU;�[l;VNPiV�O\¦gVI`?\VMOKF±FH;=?·JL�V[lNP�YirFH?·JLKK�iVI`JLK�=©TW�JLDV\¤F`;V?�K�NL>Rg=i=FUJXF`MYNLD¤FHMO>R?[��
e6�=gk?�IlMY>@?D-F`[QJXI`?¦gk?�Il��NLI`>@?�\Ä��NPI���I`JL>@?�[W�[`?>@M¢SRNPI�DVNPDrS¡NPI`MO?�DGFH?\È��I`JL>@?�[WfIlNLFUJXF`MYNLDV[�JLDV\ÄgkNPMOD-F`[��
°]IHJL>@?�[�JLIl?@K�NP>@gkNP[`?\�NL��J	g�NLMYDGF�JLDV\�JLD�NPIlF`;VNPDVNLI`>RJL�6F`I`MO;V?�\VIlNPD£�@CEDt[`?�>@M SENPIlMY?DGFH?�\t��IHJL>@?[�W�FH;V?
FHIlMY;V?\VI`NLDµMO[�KNP>@g�NP[l?�\�NX��FE��N�\VMOI`?KFHMONPDV[ ? � 6 � � I @ � ? E � 6 � E � I @·JLDV\�JXDÆNPIlMY?DGFH?�\Æ�P?�K'FHNPI�c	��F`;VMY[>@Nr\V?�Y[�F`;V?"\VMO²�?�Il?�DGFHMYJL��gVIlNPg�?IlF`MY?[4NX�oJ·gkNPMYDGF�NPD+J·[`iVId�¨JLK�?X��°_NLI�DVNPD�NPI`MO?�DGF`?�\���IHJL>@?�[WVFH;V?"DVNLI`>RJL�
MY[�JL�O[`N�iVD9SENPIlMY?D-F`?�\µ§�c � E�c�©'�·:�;=?R?�-i]JXFHMONPDV["DV??�\V?\�F`N	MY>@gV�O?�>@?�DGF�FH;V?RJXF`NP>@MYK·NLg�?IHJXF`MYNPD=["JLI`?
ZPM¢�P?�D+MYD�¬¹ah:�uPp!¯���NPI���IHJX>R?[4JLDV\�I`NLFHJXFHMONPDV[�JLD=\�MOD�¬a�?�D]uPxL¯���NLI�FH;V?"NLF`;V?�Il[��t-FUJXF`MY[dFHMOK�[�JLI`?@Il?yJL�OMY�?�\��-��I`JLDV\VNL>R�¢�¦KU;VN9NP[lMYDVZ+JLDt?'�=JLK'F��XJL�OiV?[�� MOD�J	ZPM¢�P?D��PNL�YiV>@?Q§¨iVD=MO��NPIl>
I`NLFHJXFHMONPDµJLDV\QkXNLI@F`IHJLD=[`�YJXFHMONPDµKNP>@g�NLDV?�DGFH[H©'�È:�;V?Q>@?�JL[`iVIl?�[V�� .�JLI`?�ZP?DV?�I`JXFH?\�iV[`MODVZ¸J V�JXiV[`[lM»JLD
DVNPMO[`?4��MOF`;�FH;V?4I`?�-iV?�[dFH?�\	KNv�LJXI`MYJLDVK�? �� 	D���^�B~f��������	������������Z��	e	D���^�B~��% �	 ����� ��� �6:�;VMO[�>@?�JLDV[�F`;]JXF
��?"JXI`?�i=[`MODVZ@JLD3?T�rF`?�DV[lMYNLD�NX�£FH;V?<lèK�NL>RgkNP[lMOF`MO�L?�m�DVNPMO[`? >@N9\V?���gVI`NPgkNP[l?�\3MOD�¬ab:�uGp�¯º�6F`;V? >@?yJX[`iVIl?±MY[�� . 4 � *M � �@ .���;V?�Il? �@ .�MY[4J V�JXiV[`[lM»JLD�[HJX>Rg=�Y?±��M¢FH;�K�Nv�XJLI`MYJLDVK?+J E
 E
 4 + ? � *M @)�"!$#&%!BTJFEG EG BO+ ? � *M @)� ! R %0�

Ó�Ó%á�¢S£�£#¤#¥



qOq � ������ 

�yxnz {G~����fe=|��p~ ��� � � c
��� 
 �p� e�	9~ ��~�e�	�� ���
:�;V?@JL�V[lNP�Oi=FH?·JXK�K�i=IHJLK'�QNL��J�>R?'FH;VN9\¦MO[ ZPM¢�P?�D¦�G��FH;V?�\VMY[dFUJLD=K�?·�k?FE��?�?�D¦F`;V?�I`?[`iV�¢F"JLD=\QFH;V?�?'�=JLKF
�XJL�Yi=?·§���NLIh��I`JL>@?f�VJL[`?\���?yJXF`iVI`?[�W-��?�K�NP>@gVi=F`?f[l?�g]JXIHJXF`?��¢��F`;V?fIlNLFUJ!FHMONPD�JXDV\�F`IHJLDV[l�»J!FHMONPD�g]JXIlFH[�[`MODVK�?
FH;V?'�¸JLIl?3MOD´\=MO²�?�Il?�DGF@iVDVM¢FH[H©'�t®�[�F`;V?�[l?��XJL�OiV?[@JLI`?��XJLId�9MYDVZ¤��M¢FH;¸F`;V?3[`?'F@NL�4>@?yJL[liVI`?[@JLDV\¶[`MODVK�?
��?�NPDV�¢�3��JLDGF�FHN@[lF`iV\=�	FH;=?�Il?��YJXFHM¢�P?�JLKK�iVI`JLK�	NX��F`;V?±FH;VIl?�?">@?FH;=Nr\V[W]��?";]Jy�P?�KU;VNP[l?�D�FH;V?"?�IlI`NPI�NL�
s+®1U4® JX["F`;V?RI`?��?I`?DVK�?�JLDV\���?RK�NP>@gVirFH?@FH;V?RIHJXF`MYNL[ �����34 a��
	�a�������´JLDV\ �����34 � �
	 � ����
��FHN
KU;]JLI`JLKF`?�I`MO��?·F`;V?·I`?�»JXF`MO�L?RJLK�KiVIHJLK'�¦NL��� 4 �Ft�� JLDV\�� 4¾� �Ft�����:�;VMO["IHJXF`MYN	MODV\VMOKyJXF`?�["J	�k?F`F`?�I
JLK�KiVIHJXK��NL�V>@?F`;VN9\�����MOF`;�I`?[`gk?�KF�FHN s+®1U4®µM¢� ��� � JLDV\�K�NPDG�P?I`[l?��¢�P��trMODVK�?�FH;V?hFH;VIl?�?�JL�YZLNPI`M¢FH;V>@[
JLI`?�I`?��YJXF`?�\¦FHN3F`;VI`??·\VMO²�?�Il?�DGF";G�9g�NLF`;V?�[l?�[�NPD¤FH;=?�DVNPMO[`?·NPD¤��?�JXFHi=I`?�[W£��?·MODG�P?[lFHMOZGJXF`?@?yJLKU;¦FE�9g�?@NL�
DVNPMO[`?�\VMO[lFHIlMY�=i=FHMONPD�[`?�gVJLIHJXF`?��¢�P�

��{ Ï ÊwzbÊw{ Ï Êw{ }Q� { Ï � Ï Êw{ }�|¨�P� ! ! Ë ( |¨|}v~�|�{���} Ê Ï � Ê �V|���~ Ê � Êw{ }�| CED¦FH;V?·K�JL[`?·NX��ClCè�m>R?�JL[`i=I`?'S
>@?�DGFH[W�?I`I`NLI��P?�K'FHNPIl[f[l;]JLIl?"F`;V?"[HJL>@?�K�Nv�XJLI`MYJLDVK?">�J!FHI`M ����JL�Y�£��?�MOZP;GFH[fJLIl?Rq�JLD=\�� �Ft��¾MO[�[lF`I`MOKFH�¢�
MY\=?�DGFHMOKyJL�GF`N �Ft����y:�;=?�I`?�MO[�D=N4[lMYZLDVM :VKyJLDGF�\VMO²�?�Il?�DVK?�?MOF`;V?�I��k?FE��?�?D�FH;=?�Il?�[liV�OF`[�NX� �Ft��´JLDV\�s+®1U4®��
:�;VMO[4��JL[4?'�rg�?KF`?�\Q[lMYD=K�?"FH;V?"KU;]JLI`JLKF`?�IlMY��JXFHMONPDQNX��F`;V?�s+®1U4® JLD=\ �Ft���NPg=FHMO>�i=>R[4K�NLI`I`?[`gkNPDV\V[4M¢�JhE$ N E$ Ne4 J�� H

. JhE$ N E$ N�BU�� .�4 � � JgB H . �� .�4 � � H
. �� .�4 �

��{ Ï ÊwzbÊw{ Ï Êw{ }¶� { Ï��]| � | !¨�=~ ! Ë ( |¨|}v~�|¨{ ��} Ê Ï � Ê �]|���~ Ê � ÊN{ }�| CED¶FH;=?�K�JL[`?�NL��C�t=�¼>R?�JL[`i=I`?'S
>@?�DGFH[W�?I`I`NLI��P?KFHNLI`[@;]Jy�P?3F`;V?	[HJL>@?	KN��XJLIlM»JXDVK�?	>RJXF`I`M � iVg F`N�J¤Â-DVNv��D´[lKyJL�O?	�¨JLKF`NPI��¤��?	;]Jy�P?
KU;VNP[l?�DÆF`N�[HJL>@gV�O?	��?yJXF`iVI`?��"JLKK�NPIl\VMYD=ZtF`N�F`;V?	K�Nv�XJLIlM»JLD=K�?3JhE
 N E
 N 4 6 . BTJ��¸:�;-iV[�W�FH;V?	��?�MOZP;GFH[�JLI`?;=. 4 � 	��`�4:�;V?�>RJXF`I`M �ZJ�MY[�FHJLÂL?D¤FHN���?�\VM»JXZPNPD]JL����M¢FH;¤[dFUJLDV\VJLI`\¤\=?�9M»J!FHMONPDV[@§èqPW � W�q-XG©���NPI4g�NLMYDGFH[
JLDV\�§$X=�A=W�Xr�ìx=W=X=�ìuP©�MYD�IHJL\=M»JLD���NPI�IlNLFUJXF`MYNLDV[�NPI�FHIlMY;=?�\VIlNPDV[��
:�N¤NP�rFUJLMOD I`?�YMYJL�V�O?3[dFUJXF`MY[dFHMOK�[�Wo��?3;]Jy�L?3\VNPDV? q � X�F`I`MYJL�O[���NPI�?yJLKU;¸D-iV>���?I�NL����?yJ!FHiVIl?�[·JLD=\���?

gVI`?[`?D-F�MOD :]ZPiVIl?�§0AG©4F`;V?·>@?yJLD¦�XJL�OiV?@JLDV\¦F`;V?·[lFHJLDV\]JLIl\�\V?�9MYJXFHMONPD���NL�hFH;V?·Il?��YJXFHM¢�P?@JXK�K�i=IHJLKMY?[�NL�
�Ft�� JLDV\	� �Ft�����M¢FH;�I`?[`gk?�K'FfF`N�s�®1Uf®��

0.0 20.0 40.0 60.0 80.0
Number of features

0.0

1.0

2.0

3.0

4.0

5.0

R
at

io
 o

f t
he

 m
ea

n 
po

in
ts

 e
rr

or
s

Relative error on the LSQ and WLSQ mean point
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