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QSRUT�VXW�Y[Z]\_^=`aWDbdcfe*`dgihf^NRUhfVBVXW�j>VkclemRFgi^UWfn
goVkcqpfWDrDntsUhl^U^UuDWDrDnUe�hf^U^Fcqgvrdracl^Fe�W9r

w1bdhqxyW�`{z|h~}tg
�{cl�U��hlba`�sUW�baW9emRUW�bmemRUW�^[�fYq�f�f��Z��Shl�U`��D�l�f��Z��l�B�FcqpfWDr

�N�
�D���~�U�l�l� QSRUW{�Ubdhl�F�iWDV�hl���6^Fs�go^Up�`aRFW%e�hf�i�ogi^FWDc~`dgihf^X�6W�`y�-WDW�^X`y��h�Y~j_� �UbdhqxyW9e*`ago}lW�bdWDe�hl^Fr¡`abd¢Fe�j
`dgihf^Fr£RFclr£�6WDW�^��Ubah~}fWDs�`dh���W¤¢6r¡W��¥¢U�
�¥hlb�cN}~cqbdgoW�`y¦�hq�1`mclra§tr¨ra¢FemR4clr¨e�cl�igo�Ubmc~`dgihf^|hq�-c�ry`dW�bdW�hNbdgop
cl^Fs|Y~j_�©c~ªk^UW[cl^Fs6«Phfb{¬1¢Fe��igvs�W9cq^­bdWDe�hl^Fr¡`abd¢Fe*`dgihf^&®�z|hlbdW�h~}fW�b{ra¢FemR­cNe�hl�o�igo^UW9c~`agohl^¯VkcP¦��-WD�i�
�6W
}tgoW���WDs°cfr�c|��hlgo^f`¤`abmcq^Fr¡�¥W�b[VBW�`aRUh�s°��W�`y��W�WD^@`y�-h4giVkcqpfWk�Fcqgobmr���g±`dRGcq�F�U�igve�cq`agohl^Fr�`ah­}tgvr¡¢6cq�o�i¦
pf¢Ugvs�WDs²bahf�6hl`Xe�hl^=`abdhl�>®³\_^´r¡�Fg±`dW|hq�{`dRUgorµ�6hl`aW�^=`dgocl�;n-VBW�`aRUh�sUrB�¥hfbX�Ubahf�6WDba�o¦°WDr¡`agoVkc~`dgi^Up°ra¢FemR²c
�FbahlxyWDe*`dgi}fWX`abmcq^Fr¡�¥hlbdVkc~`dgihf^¶R6cP}lWµbdWDe�W�go}lWDs¶�og±`a`a�oW�cq`¡`aWD^=`agohl^³go^°`aRFWN�Fcfry`9®­\_^°`aRFgor¤�Fcq��W�b¤�-W�s�W�j
rde�bdgo�6Wµ�ogo^UWDclbDn#^Uhf^�j>�ogo^UWDclb¤cq^6s°bahf�U¢Fr¡`[VXW�`dRUh�sUr��¥hfb[W9ry`dgiVkc~`dgi^Fp­`aRFgor[`abmcq^Fr¡�¥hlbdVkc~`dgihf^&®|·�W�`aW9ry`
`dRUW�^=¢FVBWDbagve�cl��r¡`dcl�Ugo�igi`y¦@hq�{`dRUWDraW�VXW�`aRUh�sUrB��gi`aRGbdWDra��WDe*`B`ah�giVkclplW�^Uhlgvr¡W�cq^Fs°`ah�`aRUW�^t¢UV[��W�b
hl�%Vkc~`memRUWDsG�6hfgi^=`drD®²¸
go^Fcq�o�o¦°�-W¯�UbdgiW�¹F¦³s�W9rae�bago�6W�`aRFbaWDW�cl�U�U�ogoeDc~`agohl^6r�º�ry`dW�bdW�h4goVkcqpfWN`dbdcl^Fry�¥WDbDn
¬(¢Fe��ogosUWDcq^¯bdWDe�hl^Fr¡`abd¢Fe*`dgihf^&n�cq^Fs�raW��i�#eDcq�ogi�Ubmc~`dgihf^Nhl�#cXr¡`aW�bdW�h=rae�hl�Ugve%eDcqVXW�bmcB�Fcqgob9®
»|¼=½O¾d¿[À �~Á
�l� �UbahlxyWDe�`ago}lW¯baW9e�hf^Fry`dba¢6e*`agohl^ÂnSYqjÃ�Ä�UbdhqxyWDe�`ago}lW¯`dbdcl^Fry�¥hfbaVkcq`agohl^&n�giVkclplW|`dbdcl^Fry�¥WDbDn
�FbahlxyWDe*`dgi}fW%`dhX¬1¢Fe��ogvs�WDcl^�Vkcl�U�Ugo^Up
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 	 ��� W1e�cq�ve�¢F�ls�� ¢U^UW1RUhfVXhlplbmcq�FRUgiW
W�^=`dbaW1s�WD¢��£bdWDe�hl^Fr¡`abd¢Fe�`agohl^FrO�UbdhqxyW9e*`dgi}fWDr�`abdgijÃs�goVXW�^Fragohl^U^UWD�i�oWDr
r�� WDr¡`-cP}luDbau���`dbaW£¢�`ago�oW%sUcq^6r1¢U^Ne�W�ba`dclgi^k^UhfV[�UbdW{s�W%`��lemRFWDr `dW��o�iW9r��=¢UW{�vc�eDcq�ogi�Ubmc~`dgihf^ks�� ¢F^Nr¡¦�r¡`aTDVBW
r¡`auDbauDh4cqgo^Frag��=¢UW��6hf¢Ub¤cl�-bdWDe�hl^Fr¡`abd¢Fe*`dgihf^°c~ªk^UWNW�`*«~hl¢°W�¢6e��ogos�goW�^F^UWl®¶�%W��U�o¢Fr[¢F^UWµ`dW��o�iW�RUhlVXhqj
pfbdcl�URUgoW���W�¢�`���`abdW[¢U`ago�iWB�6hf¢Ub{`dbdcl^Fr¡�¥u�bdW�b£sUWDr£�6hfgi^=`dr£W�^=`dbaW[sUW�¢��|�FclgibdWDr£s�� goVkcqpfWDrD®��-W�`dbdcl^Fr¡�¥W�ba`
W9ry`�¢�`dgi�oWk��hl¢Ub���� cfraraW�bd}tgordr¡WDVXW�^=`¨}tgvr¡¢FW��1s�� ¢U^¶bahf�6hl`D®B¬1^°s�u��Ugi`[s�Wke�W9r��6h=rarago�Ugi�ogi`auDrDn&��W�¢°s�WB`abmc~j
}~cl¢��¶r�� go^=`auDbaW9raraW�^=`[cq¢°eDcq�ve�¢U�(s � ¢U^FWk`aWD�i�oWµRUhfVBhfplbmcq�URFgiWf®N�£cl^Fr[e�W�`¤clb¡`dgoe��iWk^Fhl¢Fr�sUuDe�bdgo}lhl^6r�s�WDr
VXu�`aRUh�s�W9r{�ogi^Uu9cqgobaWfn6^Fhl^�jÃ�igo^Uu9cqgobaW�W�`%bahf�U¢Fr¡`aW���hl¢Fb%WDr¡`agoVXW�b¨e�W�`a`aW[`abmcq^Fr¡�¥hlbdVkc~`agohl^Â®�!%hl¢Fr{`aW9ry`dhl^Fr
�vckr¡`dcq�Fgi�og±`du¤s�W9r{e�cl�oe�¢U�vr{�Fclb{bdcl�U��hlba`%cq¢|�Ubd¢Ugi`%W�`£cl¢|^UhlV¤�UbdW�s�W���hlgo^f`mr{VXgvr{W�^­e�hlbdbaW9r¡��hl^6sUcq^Fe�W
WD^=`abdWµ�iW9r¤sUW�¢��°�FclgibdWDr¤s�� goVkcqpfWDrD®4¬1^��6^&n1hl^²s�uDe�bagi`¤�UbdgoT�}lWDVXW�^=`�`abdhlgvr[cl�U�U�ogoeDc~`dgihf^FrNºX`dbdcl^Fr¡�¥W�ba`
s � goVkcqplW9r�n�bdWDe�hl^Fr¡`abd¢Fe�`agohl^NWD¢Fe��ogvs�giWD^U^UW�W�`%cl¢�`ahljÃeDcq�ogi�Fbdcq`agohl^�s � ¢U^FW£`���`dW�ry`du�bdu�hF®
"�À �9� ¾ �$# 	 � baW9e�hf^Fry`dba¢6e*`agohl^4�UbahlxyWDe�`ago}lWln�`dbdcl^Fry�¥hfbaVkcq`agohl^­�UbdhqxyW9e*`dgi}fWBYqjÃ�¤n�`abmcq^Fr¡�¥W�ba`�s � goVkcqplW9r�n
`dbdcl^Fr¡�¥hlbdVXcq`agohl^��UbahlxyWDe�`ago}lWP«~W�¢Fe��igvs�goW�^U^FW
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6%^=`ago�-}fW�bd¦4bdWDe�WD^=`a�o¦�gi`¤�Sclr���W��ogoW�}lW9s¶`aRFcq`¤}tgvr¡¢Fcl�1`mclra§tr�baW �f¢FgibdWNrahlVXWk�¥hlbdV hq��h�7�j>�ogo^UWNe�clVXW�bmc
eDcq�ogi�Fbdcq`agohl^&®�¸Uhfb�W �UcqVX�U�oWln&cNVBh~}tgo^Up¯e�cq�ogo�Ubdcq`aW9s­e�clVBWDbdcN�Ubdh~}=gvs�W9r%c�r¡W �f¢FW�^Fe�W¤hl�(giVkclplWDr%�¥bdhlV
��RFgoemRGYqjÃ�,¬1¢6e��ogos�W9cq^�ry`dba¢Fe�`a¢UbdW�eDcq^³go^G�Fbago^Fe�go�U�oWN��W�bdWDe�h~}lWDbaW9s/®�z|hfbaWNbaW9e�W�^=`d�i¦fn g±`XRFclrB��W�WD^
raRUh~��^��6hl`aR�`aRFW�hlbdW�`dgoeDcq�o�i¦�cq^Fs�W ����W�bdgiVXWD^f`mcq�o�i¦µ`aRFcq`%cq^¯giVkclplW�r¡W �=¢UW�^Fe�W¨`dcq§fW�^���g±`dR­cq^�¢U^FeDcq�og±j
�Fbdcq`aWDskeDcqVXW�bmc�eDcq^k�Ubdh~}tgos�W£Y~j_� ¬1¢Fe��igvs�W9cq^Nr¡`abd¢Fe*`d¢UbdW£clr(�-WD�i�98 �,:>® QSRUW£�Fclragve��FcqbmclsUgipfV©e�hl^Fragor¡`dr
hl�ÂbdWDe�h~}fW�bdgi^Fp��UbahlxyWDe�`ago}lW%r¡`abd¢Fe*`d¢UbdW%�Fbmr¡`�cq^6sk`aRFW�^N¢F�Uplbmcls�go^Up¤g±`�`ahXc~ªk^UW�ry`dba¢6e*`a¢FbaW¨cq^Fsµ`aRUWD^µ`ah
¬(¢Fe��ogosUWDcq^|r¡`abd¢Fe*`d¢UbdWl®
�%^Uhq`dRUW�b¨�6h=rarago�Ugi�ogi`y¦N`dRFc~`�gor%�6WDgi^FpNgo^=}fWDr¡`agopfcq`aWDs¯�t¦|ck^t¢UV¤�6WDb£hl�1baW9r¡W9cqbmemRUW�bmr�gor%`ah�e�hl^6r¡gvs�W�b

c²r¡W �=¢UW�^Fe�W4hl��giVkcqpfW­�FclgibmrNp=c~`dRUW�bdWDs´��gi`aR c³VXh~}tgi^UpG¢U^Fe�cl�igo�Ubmc~`dWDs r¡`aWDbaWDh³bagop;8o�qn����FnS�Un���:>®
· gi`aR�r¡¢FemRµcl^k¢U^FeDcq�ogi�Ubmc~`dWDsBgoVXclplW{�6cqgobDnfVXcq`demRUW9sX�6hfgi^=`mr(cqbdW�bdWDe�hf^Fr¡`abd¢Fe*`dWDsBgi^N�UbahlxyWDe�`ago}lW{ra�Fcle�W
8 Y,:Ã®�\Ã�1`aRFWBr¡`aWDbaWDhN�Fclgib¨¢U^Fs�WDbapfhtWDr%cNbagoplgvs|VXhq`dgihf^&nO`aRFW[`y��hN�UbdhqxyW9e*`dgi}fW�baW9e�hf^Fry`dba¢6e*`agohl^6r=<¥��W��¥hfbaW
cl^Fs¯c~� `dW�b�`dRUW�VXhq`dgihf^?>ScqbdW�baWD�ocq`aW9s��t¦�ckY~j_���UbdhqxyWDe�`ago}lW¨`abmcq^6ry�¥hfbaVkc~`dgihf^���RFgoemR¯gvr{e�hf^=}fW�^UgoW�^=`d�i¦
bdW��FbaW9r¡WD^f`dWDs|�t¦­c��A@ ��baWDpl¢U�vcqb¨Vkc~`abdg �CB|c�e�hf�i�ogi^FWDc~`dgihf^&®�QSRUWDbaW��¥hlbdW¤VXW�`dRUh�sUr£`aRFcq`�c~`¡`dW�VX��`�`ah
bdWDe�h~}lWDb(�UbdhqxyW9e*`ago}lWfn=cqªk^UW£hfbS¬1¢Fe��ogvs�WDcl^�r¡`abd¢Fe*`d¢UbaW£�¥bdhlV c¤VBh~}tgo^Up¤r¡`aWDbaWDh¤�6cqgob-^UWDWDsN`ahBWDr¡`agoVkc~`aW
`dRUgvr�e�hl�o�igo^UW9c~`agohl^Â®�\_^=`aWDbaW9ry`dgi^FpGW�^Fhl¢UpfR&n%��gi`aR `aRUW¶W �Ue�WD��`agohl^Khq�D8o�*:���RUgvemR �UbdgiW�¹F¦ hl¢U`a�ogi^UW9r�c
VXW�`aRUh�s|�¥hfb£W9ry`dgiVkcq`ago^Upµ`dRUgor¨�UbdhqxyW9e*`dgi}fW�`abmcq^Fr¡�¥hlbdVkc~`dgihf^&n6gi`�cq�U��WDclbdr{`ahN��WB^UhN�U¢F�U�igvraRUWDs4�Fcq��W�b
go^ `dRUW¶e�hlVX�U¢�`dW�b�}tgoragihf^ �og±`dW�bmc~`a¢FbaW4sUWDrde�bdgi�Ugo^Up�cq^Fs WD}~cq�o¢Fc~`dgi^UpGVBW�`aRUh�sUr��¥hfb�W9ry`dgiVkc~`dgi^Fp³`aRFgor
e�hl�o�igo^UW9c~`agohl^N�¥bahfV r¡`aWDbaWDhfrde�hl�Fgoe£sUc~`mcU®
\_^�`aRFgorS�Fcl�6WDb��-W�cfsUs�bdWDrdr(`dRUW��Ubdhl�U�oW�V hl��W9ry`dgiVkc~`dgi^FpXra¢FemR¯cXe�hl�o�ogi^UW9c~`dgihf^µ�¥bdhlV `y��h¤�FbahlxyWDe*j

`dgi}fW[bdWDe�hl^Fr¡`abd¢Fe*`dgihf^Fr{hf��`dclgi^FWDs¯�¥bdhlV,`y��h�s�gE7�WDbaWD^=`£goVXclplW¤�FcqgobdrD®�¸�gobmry`9n���W¤sUWDrde�bdgi��W�`y��hN�ogi^FWDcqb
VXW�`aRUh�sUr(��RUgoemRkVXgo^UgoVBgGF�W¨r¡hfVXW{cq�oplW��Fbdclgoe�s�gvr¡`dcq^6e�W%s�W��F^UW9sXgi^NYqjÃ� �UbahlxyWDe�`ago}lW{ra�Fcle�W%cq^Fskc�^Fhl^�j
�ogo^UWDclb�VBW�`aRUh�s���RUgvemR¯VBgo^UgoVXgEFDWDr{cl^�goVkcqpfW�j_r¡�Fcfe�W¨¬1¢Fe��igvs�WDcl^|s�gor¡`dcl^Fe�Wf®(z|hfbaWDh~}lW�b9n=�-W�hl¢U`a�ogi^UW�c
bdhl�F¢Fry`�VXW�`dRUh�s�`aRFcq`%e�cq^¯s�W9cq�/��gi`aR¯�FclsU�i¦µVkcq`demRUW9s���hlgo^=`drS��W�`y��W�WD^�`dRUW¨`y�-hXgoVkcqplW��FclgibmrD®
H W9e�hf^Fs/nF��W�ry`d¢Fs�¦�`aRUW[�6WDRFcP}tgihfb�hl�#`aRUW9r¡W�VXW�`dRUh�sUr=< �igo^UW9cqb{cq^6s�^Fhl^�jÃ�igo^UW9cqb1>�gi^�`aRFW��UbdWDraW�^Fe�W

hl�{giVkclplWµ^UhfgoraWNcl^Fs³clr¤c|�¥¢U^6e*`agohl^Ghq��`aRFWN^t¢UV[��W�bBhq�{Vkcq`demRUW9s@�6hfgi^=`drD®4\_^³`aRUW��igoplR=`¤hl��`aRUW9r¡W
W ���6WDbagoVXW�^=`dr-g±`�cq�F�6W9cqbmr1`dRFc~`�`aRUW¨^Uhf^�j>�ogo^UWDclb(VXW�`dRUh�sUr��6WDb¡�¥hfbaVkr�r¡�ogipfR=`a�o¦k�6W�`¡`aWDb�`aRFcl^µ`aRFW£�ogi^FWDcqb
VXW�`aRUh�sUrD®JI{h~��W�}fW�bB�¥hlbk�oW�}fW��vrXhq��^Uhlgvr¡W¯��W��oh~� hf^UW|�Ug �tWD�{go^�Vkclpl^Ugi`a¢FsUWln-`aRUW|�ogi^FWDcqbkVXW�`aRUh�sUr
��W�ba�¥hlbdVkr(cfr �-WD�i�Oclr1`aRUW£^Uhl^Uj>�ogi^FWDcqb(hl^UW9r(cq^6sXRUW�^Fe�W{`dRUW�¦Xr¡RFhl¢U�vsk��W%�UbdW��¥WDbabdWDsB��WDe�cl¢FraW�`aRUWD¦kcqbdW
�oWDrdr�`agoVXW�e�hf^Fr¡¢FVBgo^UpB`aR6cq^�`aRUW�^Uhf^�jÃ�igo^UWDclb�VXW�`aRFhtsFr�®
QSRUgobms/n(��W�sUWDrde�bdgi��W�`aRUbdW�W��6h=rarago�U�iW¯cq�F�U�igve�cq`agohl^FrDºK< gL>Xr¡`aWDbaWDh4goVkcqplW�`abmcq^6ry�¥WDbB��RFgoemR�r¡RUh~�{r

`dRFc~`B�¥hlbkra¢FemR³`mclra§�r¤cfr[}tgvr¡¢Fcl��r¡WDba}fhlgo^UpFn#�UbdhqxyW9e*`ago}lW�ry`dba¢6e*`a¢FbaW�gorB¢FraW��¥¢F��go^�g±`mr¤h~��^²bagoplR=`9nM<¥gogL>
¬(¢Fe��ogosUWDcq^´¢U�Fplbmcls�W�¢Fragi^Up°YqjÃ� e�hl^=`abdhl�S��hlgo^f`mrµcq^6s²cl^²WDbabdhlbB�¥¢U^Fe�`agohl^ s�W��F^UWDs²go^��ljÃ� }fWDe�`ahlb
ra�Fcfe�Wln&cl^FsN<¥gogig�>¨ry`dW�bdW�h¯r¡WD�±� j_e�cl�igo�Ubmc~`agohl^4��RUgoemR�`dcl§lW9r¨cfs�}~cq^=`dclplW¤hq��c¯ra�6W9e�gvcq�#�FclbdclVBW�`aWDbagGFDcq`agohl^
hl�Â`dRUW�Y~j_�"�UbdhqxyWDe�`ago}lW¨`abmcq^6ry�¥hfbaVkc~`dgihf^&®

O P�Q3R ��!#�%$&��'(
��*)�� '-��������������
�������.

S go}lWD^[c£�Fcqgob�hl�FgoVXclplW9rÂcq^6s�`aRFW(�¥¢U^6sUcqVXW�^=`mcq�tVkc~`abdg �UTWV%`aR6c~` s�WDrde�bdgi��W1`dRUW�gob#W��Ugo��hl�vcqb
plW�hfVXW�`abd¦ln
`dRUW�bdW%W ��gor¡`dr�c��UbdhqxyW9e*`dgi}fW{�Fclragvr1hq�/`dRUW¨�UbahlxyWDe�`ago}lW%ra�Fcle�WYX=Z¨r¡¢FemRµ`aRFcq`(`aRFW£�UbdhqxyW9e*`dgihf^Fr �¥bdhlV©`aRFgor

[\[^]�_a`�b*c1d



� �Y���*$1�������E�K�9012 $�� � �����#- � ��2��=��$&��23�

ra�Fcfe�W�hl^=`ah¤`aRFW�giVkcqpfWDr�clbaW¨baWD�UbdWDraW�^=`aW9sN�t¦��{`y�-hkY @ �BVkc~`dbagve�W9r.8 �UnÂ�D�,:Ãº
	 V�

��� Z���Z�� cq^Fs 	��V 
���� �V�� �V � <y� >

��W�bdW � �V gvr[c­YA@1Y¯baWDpl¢U�vcqb[VXcq`abdg �@cq^Fs°`aRUWµWD�Ugo�6hf�iW � �V gvr�`aRFWµ�UbdhqxyWDe�`agohl^°hl��`dRUWk�Fbmr¡`[hl��`dgoeDcq�
e�W�^=`aWDb�hl^=`ah¤`aRFW�r¡W9e�hl^6sNgoVkcqplWf®
\Ã`%�Sclr%r¡RUh~��^�go^ 8 YFnF��:�`aRFcq`{�-W�RFcP}fW�cB�¥hl¢Ub£s�W�pfbaWDWDrShq�#�¥bdW�W9s�hlV � cqVXgi�o¦Nhl� �UbahlxyWDe�`ago}lW��FclraWDr
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·¶WNgoVX�U�oW�VXW�^=`aW9s°`dRUWNVXW�`dRUh�sUrBs�WDrde�bdgi��WDsGcq��h~}lWX`ah�WDr¡`agoVkc~`aWRN�cq^Fs³�-WNeDcqbdbagoWDs@hf¢�`Bc­�oclbapfW
^t¢UV¤�6WDb�hq�
W ���6WDbagoVXW�^=`drSgo^¯hlbms�W�b�`dhXe�hlVX�FclbaW£`aRUW �=¢Fcl�igi`y¦µhl�Â`aRFW�baW9r¡¢U�i`drD® QSRUW�cq�oplhfbagi`aRUVkr�RFcP}fW
��W�WD^[`dWDr¡`aW9s[hf^Bra¦t^f`dRUW�`dgoe�goVkcqplW9rW<¥�F����hlgo^f`mr/>�® S cl¢Frdr¡gvcq^¤^Uhlgvr¡WS��gi`aRB}~cqbd¦=go^Up�ry`mcq^FsFcqbms[s�WD}=gvc~`dgihf^
<¥�¥bahfV��¨`ah��¨�Ug ��W��vr/>
�Sclr#cfsUs�WDs¤`dh�`aRUW�goVkcqplWS��hlgo^=`1�ih�e�cq`agohl^FrD®�QSRFW��Fclem§=jÃ�UbahlxyWDe�`aWDs�W�bdbahfbdr
plgo}lWD^
�t¦ <6��>���W�bdW¨e�hl^Fragvs�W�bdWDsN�¥hlb{e�hlVX�Fcqbdgvr¡hf^&®
¸
gopl¢UbdW{�1raRUh~�{rO`aRFW(VXWDs�gvcq^�WDbabdhlb/h~}fW�b �9�l��`abdgvcq�vr&clr&c��¥¢U^Fe*`dgihf^�hq��goVXclplW1^Fhlgvr¡Wf®ÂQSRUW �¥hf�i�oh~��gi^Fp

^Fhq`dcq`agohl^Fr�clbaW¨¢FraWDs/º

[\[^]�_a`�b*c1d
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¸
gopl¢UbdWX�lº��-hlVX�Fclbagvr¡hf^Nhl�#s�gE7OW�bdW�^=`�VBW�`aRUh�sUr%e�hlVX�U¢U`ago^UpB`aRUW��UbdhqxyW9e*`dgi}fW�e�hl�o�igo^UW9c~`agohl^Â®

� ��j(�ogi^UW9cqbSVXW�`dRUh�s����
� �³j(�ogi^UW9cqbSVXW�`dRUh�s¯���
!���j(^Uhf^�j>�ogo^UWDclb�VXW�`aRUh�s/nUVXgo^UgoVBgGF�go^UpX`dRUW��Fclem§=jÃ�UbdhqxyWDe�`agohl^Fr-go^N`dRUW�`y�-hXgoVkcqplW��FclgibmrDnUcq^Fs
!£�³j(^Uhf^�j>�ogo^UWDclb�VXW�`aRUh�s/nUVXgo^UgoVBgGF�go^UpX`dRUW��Fclem§=jÃ�UbdhqxyWDe�`agohl^Fr-go^N`dRUW�r¡W9e�hf^FsNgoVkcqpfW¨�6cqgobD®
!%hq`aW¨�Fbmr¡`Dnt`aR6c~`�`aRUW��=¢Fcq�ogi`y¦khq�Â`dRUW�e�hf�i�ogi^FWDc~`dgihf^N�ogi^FWDcqbd�o¦µs�W�pfbdcfs�WDr-gi^N`aRUW��UbdWDraW�^6e�W¨hq��goVkcqpfW

^Fhlgvr¡Wf®#z­hlbdW�h~}lWDbDnl`aRUW���W�RFcP}tgohlb�hq�&`dRUW¨�¥hl¢UbSVXW�`dRUh�sUr�cqbdW¨}lW�bd¦kr¡goVXgi�vcqb9® QSRUW¨^Uhl^�jÃ�ogi^UW9cqb�VXW�`aRFhts
< !��¶cq^Fs !£� >Nr¡�ogoplR=`a�o¦´hl¢�`d�6WDb¡�¥hfbaVkrN`aRUW��igo^UWDclb�VXW�`aRUh�sUr���RUgvemR&n{go^ `d¢Uba^Ân%RFcP}fW4cq^ gvs�WD^f`dgoeDcq�
��W�R6cP}=gohlb9®
\_^´`dRUW�cl�6h~}fW�W ���6WDbagoVXW�^=`drk��W­¢FraWDs cl�i�{`aRUW­��hlgo^=`drK<�< 
 L 3 >Xgo^ hlbms�W�bX`dh³WDr¡`agoVkc~`dW|`aRUW

e�hl�o�igo^UW9c~`agohl^Â®�Q�hµry`d¢Fs�¦�`aRUWBr¡WD^Frag±`dgi}tgi`y¦�s�¢UW�`ahk`dRUW[^t¢UV¤�6WDb{hq� ��hlgo^f`mr{��W[cq�F�U�igoWDs�W9clemR¯VXW�`aRFhts
`dh[s�gE7�WDbaWD^=`�ra¢U�FraW�`dr(hq�/bdWDe�hf^Fr¡`abd¢Fe*`dWDsX��hlgo^f`mr�®
\_^N¸
gopl¢UbdW£����W%raRUh~��`aRUW{bdWDra¢U�i`dr(hl��`mcqgo^UWDsX�t¦B`aRUW
^Fhl^°�ogi^UW9cqb�VXW�`aRUh�s !£�|¢Fr¡go^Up­s�gE7OW�bdW�^=`[^t¢UV[��W�b¤hq����hlgo^f`mr�`dh­WDr¡`agoVkc~`aWµ`aRUWNe�hl�o�igo^UW9c~`agohl^Â®�QSRUW
W ���6WDbagoVXW�^=`���cfrS�6WDb¡�¥hfbaVXWDsN�¥hlbS`dRUbdW�W�^UhlgvraW¨�oW�}fW��vr�º�� 
 # C 3 � # C o¤cq^Fs��l®
·¶W%e�cl^ks�WDs�¢6e�W��¥bdhlV©¸�gopl¢FbaW%�£`dRFc~`(��W�^UWDWDskc~`-�iW9clr¡`{�XS£�6hfgi^=`mr `ah�e�hlVX�U¢�`dW�`aRFW%e�hf�i�ogi^FWDc~`dgihf^N gi^¯hfbds�WDb�`ahkRFcP}fW¨cXr¡`dcq�F�iW��Fcfem§fjÃ�UbdhqxyW9e*`agohl^�hq��`aRUW���hlgo^=`dr�go^N`dRUW�goVXclplW9r�®
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¸
gopl¢UbdW%��º
QÂW9ry`dgi^Fp�`aRUW%raW�^6r¡gi`ago}tg±`y¦Bs�¢UW�`dh�`aRUW{^t¢UV¤�6WDb1hq�/��hlgo^=`dr ¢FraWDsB`dh�WDr¡`agoVkc~`aWS`dRUW{�UbdhqxyW9e*`dgi}fW
e�hl�o�igo^UW9c~`agohl^Â®

P + ����0�./
 ����
����k��
�� '���� �¯0µ
����

QSRFWBVXW�`aRUh�sUr��FbaW9r¡WD^f`dWDs¶cq��h~}lWX��hlbd§|�-WD�i� gi��^Fh|VBgvraVXcq`demRUW9s4��hlgo^=`dr�clbaWB�UbdWDraW�^=`�gi^¶`dRUWµsUc~`mcU®
I%h~�-WD}lWDbDn=gi^¯�Ubmcle�`agve�W�VXgoraVkc~`memRUWDrShfb�hl¢�`d�igoW�bmr�VXcP¦N�6W��UbdWDraW�^=`9º
� QSRUWµWDbabdhlb�go^¶�oh�e�cl�igGFDcq`agohl^@hq�SVXhfr¡`[s�W�`dWDe*`dWDs@��hlgo^=`dr�hl��go^=`aW�bdWDr¡`�gvr�r¡Vkcl�i� �#RUh~�-WD}lWDb�c��¥WD�
�6hfgi^=`mr1VkcP¦���W{gi^6cle�e�¢Ubmc~`aWD�i¦[�ih�e�cl�igGF�W9sC<¥h~}lWDb#`aRUbdW�W��Fg ��W��vr1cP�ScP¦��¥bdhlV `dRUW{e�hfbabdWDe�` �ih�e�cq`agohl^?>
cq^Fs¯eDcq^�`aRUWDbaW��¥hlbdW¨raW�}fW�bdW��o¦µs�W�pfbdcfs�W¨`aRUW �=¢Fcl�igi`y¦µhq��`aRUW�W9ry`dgiVkcq`agohl^ �

� ¸Fcl�oraW�VXcq`demRUW9rSVkcP¦khteDe�¢UbS��RUWD^¯�6hfgi^=`dr��¥bdhlV `dRUW��oW�� `{goVXclplW�cqbdW£Vkcq`demRUW9s�clpfcqgo^Fr¡`���hlgo^=`dr
�¥bahfV `dRUW�bagoplR=`�giVkclplWlnUcl^Fs

� ¸Fcl�oraW¯VXcq`demRUW9rBVXcP¦°h�eDe�¢UbX��RUWD^G��hlgo^f`kVkc~`memRUWDr¤�¥bdhlV hf^UW�giVkcqpfW��6cqgobC<U� cq^6s�� � >BcqbdW
Vkc~`demRFWDs¯cqp=cqgo^Fry`S��hlgo^f`{Vkcq`demRUW9r��¥bahfV `aRUW�raWDe�hl^Fs�goVXclplW��Fclgib <�4³cl^FsM4 � >*®

QSRFWDraWµhl¢�`d�igoW�bmr[eDcq^GraW�}fW�bdW��o¦�c�7�W9e*`[`dRUW
�=¢Fcl�igi`y¦@hq��`dRUWNW9ry`dgiVkc~`dgihf^°hq��`dRUW�e�hl�o�igo^UW9c~`agohl^°Vkcq`abdg �
��RFW�^4��W¤cl�U�U�o¦¯�iW9clr¡`¡j_r �=¢FclbaW9rS`aW9emRU^Ug �f¢FWDrD®�QSRFW�bdW��¥hlbdWln�go^­`aRFgor�e�cfr¡WfnOg±`�gor¨^UW9e�W9rardcqbd¦µ`dh�cl�U�U�o¦¯c
bdhl�F¢Fry`S`dWDemRU^Ug �=¢UWl®
� bahf�U¢Fr¡`¤W9ry`dgiVkc~`dgihf^GVXW�`dRUh�sGe�hl^Fragor¡`dr¤go^³`aRFWN�¥hf�i�oh~��gi^Fp4ry`dW��FrC<;r¡WDW 8o�DY,:S�¥hlbXc¶r¡goVXgi�vcqbXcq��j

�Fbah=clemR?>�º
� ¸Uhfb¨W9clemR��mn 3�� � � <�n/bdWDe�hl^Fr¡`abd¢Fe*`�& O �¥bdhlV � O n=� �O n 	.V�cq^Fsc	 �V cl^Fs 8 O �¥bdhlV 4 O n*4 �O n	�2¤cl^Fs 	 �2 8o�D�,:Ã®

[\[^]�_a`�b*c1d
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� �-hl^Fragvs�W�b��Xra¢U�FraW�`drÂhq��Y~j_�°��hlgo^f`
e�hlbdbdWDra�6hf^Fs�W�^6e�WDr'& O�� 8 O n9W9clemR�r¡¢6emR�r¡¢U�6r¡W�`Âe�hl^=`mcqgo^Ugi^Fp
� e�hlbdbaW9r¡��hl^FsUW�^Fe�WDrÂclVXhl^Up%`aRUW < cP}~cqgo�ocl�U�iW�e�hfbabdWDra�6hf^Fs�WD^Fe�W9r�®&QSRUWS��hlgo^=`dr#clrdr¡h�e�gocq`aWDs���gi`aR
r¡¢6emR4cNra¢U�FraW�`�V[¢Fr¡`£��WBW�}lWD^U�o¦¯sUgor¡`abdgi�F¢�`aW9s­go^­`aRFW¤sUcq`dcU® H ¢FemR¶cq^­WD}lWD^4s�gvry`dbago�U¢�`dgihf^4e�cl^
�6W�cfemRUgoW�}lW9sN¢6r¡go^UpkcXe��vclrdr¡gve�cl���F¢Fem§lW�`ago^UpB`aWDemRF^Ug �=¢UWf®

� ¸Uhfb�WDcfemR¶ra¢FemR°r¡¢F�Fr¡W�`��6n 3 � � � � c��igo^UWDclb�VXW�`dRUh�s4`dh|WDr¡`agoVkc~`aWµc|e�hl�o�igo^UW9c~`agohl^�N ( gor¢FraWDs¯cq^Fs�cBbaW9r¡gvs�¢Fcl�/gor%s�W�`dW�bdVBgo^UW9sµ�¥hfb�WDclemR�`abdgvcq���6º

�
A( 
 3

<
G� O[Z > � AO <¡�D� >


 3
<

G� O[Z > 3L � ��+ � O � 	� O 0 A - �.+ � �O � 	���O 0 A - �.+ 4 O � 	4 O 0 A - ��+ 4 �O � 	4 �O 0 A �
� ¸
gi^Fcl�i�o¦lnFbaW�`dcqgo^�`aRUW�e�hl�o�igo^UWDcq`agohl^ 	N cfrarah�e�gvc~`aW9sµ��gi`aR�`aRFW��iW9clr¡`SbdWDragvs�¢Fcq�>®
QSRUgvr-VBW�`aRUh�s�e�cq^k��W¨¢Fr¡W9sX`ah¤baW¡xyWDe�`(`aRFW%VXgoraVkc~`memRUWDsk��hlgo^=`dr <¥hf¢�`a�ogiWDbdr�>1cfr �¥hf�i�oh~�{r�® �-hl^6r¡gvs�W�b

`dRUW¨baW�`dcqgo^UW9s 	N cl^FsNe�hlVX�U¢�`dW%`dRUW��Fclem§=jÃ�UbahlxyWDe�`aWDsXWDbabdhlb � O
�¥hfb-W9clemRN��hlgo^=`D®��-hlVX�U¢U`aW¨`aRUW¨VXWDcl^
< hlb1VXW9s�gocl^?>#WDbabdhlb �
	 cq^Fs¤`aRFW%ry`mcq^FsFcqbmsBsUW�}tgocq`agohl^ �¯hq��`aRFW£raW�`9V � O Y OiZ >]\^\ � ®#��WyxyW9e*`�WDclemRXVkc~`memRUWDr+-�wOh�/� �O ��4 O ��4 �O 0 n��¥hfb���RUgvemR

� � O  � 	 � 7
� �
��RFW�bdW��-gor%c¤pfgi}fW�^�`aRUbdWDraRUhf�os/®

� � �
�¯����'���
����[��.

'
��� �U� 	�
�	�� ������� 	 � 
 ��� /��6	 

�´^t¢UV¤�6WDb hq��}=gvra¢Fcq�t`mclra§tr
VkcP¦���W{e�clbabdgiW9s�hf¢�` ��g±`dRUhl¢�`1¢6r¡go^Up�cq^t¦�¬1¢6e��ogos�W9cq^Bgi^U�¥hlbdVXcq`agohl^Xcq��hl¢�`
`dRUW%YqjÃ�K�ocP¦fhl¢�`9®��%VBhf^Up�`dRUWDraW�`dcfr¡§�rDnf}tgvr¡¢6cq�FraW�bd}lhfgi^Up�gvr(c��UbahfVXgi^UWD^=`(W �UcqVX�U�oWl® 	 gvra¢Fcq��r¡WDba}fhlgo^Up
gvr�`dRUW�`mclra§�hl� e�hl^=`abdhl�o�ogi^UpB`dRUW[VXhq`dgihf^|hq�1ckbdhl��hq`{Vkcq^Fgi�U¢F�ocq`ahlb%¢Fr¡go^Upµ}tgvr¡¢6cq�&VXWDcfr¡¢FbaWDVBWD^=`drD®S�
raW�^6r¡hfb < W�gi`aRUWDb�c�ragi^Upf�iWXe�clVXW�bmcµhlb�c�ry`dW�bdW�h�bagop	>%VXWDclra¢UbdWDr%`aRUWBW�bdbdhlb¨�6W�`y�-WDW�^�c�e�¢FbabdW�^=`�bahf�6hl`
��hfragi`agohl^­cq^6s­cµpfhfcq�Âbahf�6hl`£��hfrag±`dgihf^&®£QSRUW¤bahf�6hl`%gvr£cl�i�oh~�-W9s�`ahNVXh~}fW�¢U^=`ago�Â`dRUgvr%WDbabdhlb{}~cl^UgoraRUW9r�®
QSRFW�ra¢Fe�e�WDrdrBhq�%}tgvr¡¢Fcl��raW�bd}lhfgi^Fp�s�WD�6WD^FsUrB�UbdgiVkcqbdgo�i¦°hf^³`aRFW�e�hlbdbaW9e*`a^FWDrdr[��gi`aR²��RUgoemR²`aRFW�pfhfcq�
��hfragi`agohl^�RFclrS��W�WD^��FbaW9s�goe�`aW9s/®

�-hf^Fr¡gvs�WDb(�¥hfb�W �UcqVX�U�oW%`dRUW%`mclra§khq�Â�Fgi�ogi^FpBc¤e�¢U��W�hl^µ`dhl��hq�&`y��h[hl`aRUWDb�hf��xyWDe�`dr-¢Fragi^UpXc¤bahf�6hl`
Vkcl^Ugi�F¢U�ocq`ahfb�cl^FsµcBry`dW�bdW�h[goVkcqpfW%�Fclgib9®
QSRFW£}tgvr¡¢Fcl��raW�bd}lhfgi^Fp[cq�oplhfbagi`aRUV V¤¢Fry`S��W£pfgi}fW�^k`dRUW%�6^Fcq�
e�¢U��W���hfrag±`dgihf^Ggo^²c�baWD�UbdWDraW�^=`dcq`agohl^@`aR6c~`XgorBgo^=}~clbagvcq^=`¤��gi`aR²baW9r¡��WDe�`¤`dh�go^=`abdgi^6r¡gve�cl^Fs³W �t`abdgi^Fragve
eDcqVXW�bmc¨e�cq�ogo�Ubdcq`agohl^B�FcqbmcqVXW�`aW�bmrD® � ^UW{ra¢FemRXc�baWD�UbaW9r¡WD^=`dc~`dgihf^[gvr1c�Y~j_� �UbdhqxyW9e*`dgi}fW-bdWDe�hl^Fr¡`abd¢Fe*`dgihf^
8 �a:Ã®
¸
gopl¢UbdW|YN<;c >Bcq^6s < �?>Xr¡RFh~�{rkcq^�giVkcqpfW��6cqgobkhq�%`dRUW­e�¢F�6W|clrXgi`NraRUhl¢U�vsG�F^Fcq�o�o¦³�igoW¯hl^²`ahf�

hl��`y�-h4hq`aRFW�b[hf��xyWDe�`drD®�QSRUgvr¤giVkcqpfWµ�Fclgib¤gor¤¢FraWDs@`dh4�U¢Ugo�vsGc|�UbdhqxyW9e*`dgi}fWµbaW9e�hf^Fry`dba¢6e*`agohl^°hl��`aRUW
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<;c > <¥��>

< e > < s?>

¸
gopl¢UbdW¤YFº£�©ry`dW�bdW�h��Fcqgob¨raRUh~��go^Up�c�e�¢F�6WB��RUgvemR4�ogiW9r£hf^­`dhl�4hl�1`y��hNhl�UxyWDe*`mr < c >£cq^6s <¥��>*®[QSRUW
�FbahlxyWDe*`dgi}fW£bdW��FbaW9r¡WD^f`mc~`dgihf^Nhq��`aRUW�e�¢U��W���cfr��_`dbdcl^Fry�¥WDbabdWDs��{`ahµcq^Fhq`aRFW�bSgiVkclplW��FcqgobU< e >Scq^Fs < s?>*®

e�¢U��Wkgi^³c��UbdhqxyW9e*`ago}lWX�Fcfr¡gvr�`dRFc~`�gvr�c~`a`dcfemRUWDs4`ah¯`y��h|hq`dRUW�b�hf��xyWDe�`drDn&`aRFW � j_r¡R6cq��WDs�hl��xyW9e*`[cq^6s
`dRUW��6j_r¡RFcl�6W9s³hf^UWDB³rdcP¦@`aRUW�`y��h��¡�iWDpfr��~®GQSRFgorB�UbdhqxyW9e*`ago}lW�bdWDe�hf^Fr¡`abd¢Fe*`dgihf^Ge�hf^Fr¡gvr¡`drBhq���~�4�oW�p
��hlgo^=`dr¨cq^FsG���Xe�¢U��W¤��hlgo^=`drD®�¸
gopl¢UbdW¤YK< e >%cl^Fs < s?>%raRUh~�{r¨cq^­goVkcqplW¤�Fcqgob%hl�1`aRFW[`y��hN�oW�p=r��¥bdhlV
cksUg 7OW�bdW�^=`%}tgoW�����hlgo^f`9®�QSRFW¤�~�k�oW�pk��hlgo^=`dr{clbaW�bdWDe�hl^Fr¡`abd¢Fe*`dWDs¯cqp=cqgo^�cl^Fs¯�Fcfr¡W9s�hf^�`aRUW9r¡W���hlgo^=`dr
c|e�hl�o�igo^UW9c~`agohl^¶gvr[e�hfVX�U¢�`aW9s¶�6W�`y�-WDW�^@`aRFWk�UbahlxyWDe�`ago}lWkbdWDe�hf^Fr¡`abd¢Fe*`dgihf^�clrdrahte�gocq`aW9s4��gi`aR@`dRUWk�Fbmry`
goVkcqpfW¨�6cqgob%cq^FsN`aRFW��UbdhqxyWDe�`ago}lW�bdWDe�hf^Fr¡`abd¢Fe*`dgihf^�clrdrahte�gocq`aW9sN��gi`aR¯`dRUW�r¡W9e�hf^Fs�giVkcqpfW��FcqgobD®
	�cfr¡W9s
hf^°`aRFgorXe�hf�i�ogo^UWDcq`agohl^°`dRUW4� �|e�¢F�6W��6hfgi^=`mr¤clbaW��_`dbdcl^Fry�¥WDbabdWDs��¤�¥bahfV `dRUW��Fbdr¡`XgiVkcqpfWµ�Fclgib¤`ah�`aRUW
raWDe�hl^Fs�goVXclplW¨�Fcqgob9®
QSRUW�cls�}~cq^=`mcqplW¯hl�¨¢Frago^UpGra¢FemR c@�UbahlxyWDe�`ago}lW�`abmcq^Fr¡�¥W�bµ�¥bahfV hl^FW|giVkcqpfW|�Fcqgob < �iW9cqbd^Ugi^Fp	>¤`ah

cl^Uhq`dRUW�b <¥W ��WDe�¢U`agohl^?>£gvr¨`aRFcq`¨`dRUWB`y�-h�`dcfr¡§�r <¥�oWDclba^Fgi^Up¯cq^6s­W ��W9e�¢�`dgihf^?>¨e�cq^��6WX��W�ba�¥hlbdVXWDs­��gi`aR
`y��h4s�gE7OW�bdW�^=`Br¡`aWDbaWDh­r¡¦�r¡`aW�Vkr¤cq^Fs@`dRFc~`¤`aRUW�hl��xyW9e*`BbaWD�UbaW9r¡WD^=`dc~`dgihf^¶`aRFcq`¤gvr[cle�`a¢Fcl�i�o¦@ry`dhlbdWDs°c~`

[\[^]�_a`�b*c1d
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x
P

X

Px’

Y

H

Projective
Euclidean

¸�gopl¢FbaW��Fº#·¶W�cqbdW��ihthl§tgo^Up¤�¥hlblN¶n�`dRFc~`{Vkcq���UbdhqxyW9e*`ago}lW¨bdWDe�hf^Fr¡`abd¢Fe*`dgihf^N`dhXcB¬1¢6e��ogos�W9cq^¯hl^FWl®
�oWDclba^Fgi^Up[`agoVXW�gor�go^Fs�W���W�^6s�W�^=`{hq�#e�clVBWDbdc¤e�cl�igo�Ubmc~`agohl^�cq^Fs�hq��`aRUW�bdW��vc~`ago}lW¨��hfrag±`dgihf^Nhq��`aRUW�r¡`aWDbaWDh
goVkcqpfW¨�6cqgob���gi`aR¯bdWDra�6W9e*`�`dh¤`dRUW�rde�W�^FWl®

'
� � ��
�� � , 
���� 	 - ����� 	$� � ) 3 - �����
	�� � 
�	 - � � / � 
 3 - ���R� �
S go}lWD^°c¯�UbahlxyWDe�`ago}lWBbaW9e�hl^6ry`dba¢Fe�`agohl^¶hq��c|r¡W�`�hq��Y~j_� ��hlgo^f`mr�n#cq^@goVX�6hfb¡`mcq^=`�`dclra§4gvr�`dh|¢U�UplbmclsUW
gi`[`dh4¬1¢6e��ogos�W9cq^�ry`dba¢Fe�`a¢UbdWl®�\_^°`aRFgorXe�cfr¡Wµ`aRUW�e�hl�o�ogi^UW9c~`dgihf^�N Vkcq�Fr[`aRUW�Y~j_� �FbahlxyWDe*`dgi}fWNra�Fcle�W
hf^=`ah|gi`drBY~j_� ¬1¢Fe��igvs�WDcl^Gra¢U�Fra�Fcle�Wln#¸�gopl¢FbaWk�6®|\Ã`[gor¤clrdr¡¢FVBW9s¶`aRFcq`�`aRFWN¬1¢Fe��igvs�W9cq^³e�hthfbds�go^Fcq`aWDr
8 O 
 +Q�2� > �O �5�!� A �O �6��� Z �O 07f hq��cN�¥WD� �ae�hf^f`dbahf� ���6hfgi^=`dr�clbaW¤§t^Uh~��^4go^¶rahlVXWB¬1¢Fe��igvs�WDcl^��6clragor )��S®
� W�`l& O baWD�UbaW9r¡WD^=`�`dRUW[YqjÃ���FbahlxyWDe*`dgi}fW�e�hthlbms�go^Fc~`dWDrShl�
��hlgo^=` �m®{& O gvr{cXRUhfVXhlplWD^UW�hf¢FrS�qjÃ}lW9e*`dhlb9®
w(bah~}tgvs�WDs£`aR6c~`&`dRUW�bdW(cqbdW1c~`��iW9clr¡`(SSr¡¢6emR�e�hl^=`dbahf�q�6hfgi^=`mr&go^�plW�^FW�bmcq�q��hfrag±`dgihf^&n9hl^UW(eDcq^�e�hfVX�U¢�`aW(`aRUW
e�hl�o�igo^UW9c~`agohl^ N `dRFc~`%Vkcl�Frl&HO(hl^=`ah�8JO 
 + 8 fO 3 0�f ®%QSRUW[�ocq`¡`aWDb%bdW��UbdWDraW�^=`mrS`aRUW¤RUhlVXhfplW�^FW�hl¢6r
e�hthlbms�gi^6c~`aW9r{clrdrahte�gocq`aW9s���gi`aR­`aRUW¤¬1¢Fe��ogvs�WDcl^4e�hthlbms�go^Fc~`dWDr�hl�1cNe�hf^=`abdhl�&��hlgo^=` �m®{�{�U�F�i¦tgo^UpMNÄ`ah
`dRUW�hq`dRUW�b��6hfgi^=`mrShq�&`dRUW��UbahlxyWDe�`ago}lW%bdWDe�hl^Fr¡`abd¢Fe�`agohl^µ¢U�Fplbmcls�W9r `aRFW¨��RFhl�oW£�UbdhqxyW9e*`dgi}fW£r¡`abd¢Fe*`d¢UbaW£`ah
¬(¢Fe��ogosUWDcq^|r¡`abd¢Fe*`d¢UbdWl®

!%hq`agve�W£`aR6c~`�`aRUgvr-eDclraW%gvrSr¡�ogipfR=`a�o¦Bs�gE7OW�bdW�^=`-`dRFcq^N`aRUW�rag±`d¢Fc~`dgihf^µ�UbdW�}tgihf¢Fra�i¦Xs�WDrde�bdgo�6W9sk�6W9e�cl¢Fr¡W
hf^U�o¦�hf^UW[goVkcqplW[�Fcqgob%gvr£cP}~clgi�vcq�U�oWl®£QÂhµW9ry`dgiVkcq`aWKN¶nOhf^UW���hfrdr¡go�Ugo�igi`y¦¯gor%`ahNcl�U�U�o¦¯hl^UW¤hq�#`aRUW¤`y��h
�ogo^UWDclb�VBW�`aRUh�sUr¤clr�s�W9rae�bago��WDs@cq��h~}lWf®�I{h~��W�}fW�b9n/`aRUW9r¡Wk�ogo^UWDclb�VXW�`aRFhtsFr�VXgi^UgoVXgEFDWNcq^°cl�ipfW��Ubmcqgve
sUgor¡`dcl^Fe�Wf® I{WDbaW¶�-W¶��hl¢U�vs �ogi§fW4`dhG`mcq§fW4�¥¢U�o��clsU}Pcl^=`dcqpfW4hl��`aRUW@§t^Uh~��^K¬1¢Fe��ogvs�WDcl^ r¡`abd¢Fe*`d¢UbdW
cfrarah�e�gvc~`dWDs¤��g±`dR¤`dRUW%e�hl^=`abdhl����hlgo^=`dr1cl^FsXs�W�}tgvr¡W{c��ogi^FWDcqb VXW�`aRUh�sX��RUgvemRXVBgo^UgoVXgEFDWDr(cl^X¬1¢Fe��ogvs�WDcl^
bmc~`dRUW�b�`dRFcq^|cq^¯cq�oplWD�Ubmcqgve%WDbabdhlb-�¥¢U^Fe�`agohl^&®

�-hf^Fr¡gvs�WDb�`aRUWk�ljÃ� }fWDe�`ahlb�ra�Fcle�Wµe�hfbabdWDra�6hf^Fs�go^Upµ`dh¯`aRUWk�FbahlxyWDe*`dgi}fWkr¡¢U�UjÃra�Fcle�WXplW�^FW�bmc~`aW9s­�t¦
`dRUW�¬1¢Fe��ogvs�WDcl^G�Fcfr¡gvrq)�� 8i�f�1:>®¶\_^³`dRUgvrBra¢U��j_ra�Fcle�Wk`aRUW�Rt¦t�6WDb¡jÃ�U�vcq^UW + � b�� 
 3 e�hlbdbaW9r¡��hl^6sUr�`ah
`dRUW[YqjÃ��¬1¢Fe��ogvs�WDcl^­r¡�Fcfe�Wf® � ^FW���cP¦N`ahµW9ry`dgiVkcq`aW,N gvr�`ahNVBgo^UgoVXgEFDW�`aRUWBr¡¢FV hl� r��=¢FcqbdWDr{hq�#`aRUW

���9[=���
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¸
gopl¢UbdWqS�º(QSRFW�¬1¢Fe��ogvs�WDcl^­s�gor¡`dcl^Fe�W���W�`y��W�WD^�}fWDe�`ahlbmr98��{cl^FsMNR&��Sgo^|�qj_��}lW9e*`ahfb�r¡�Fcfe�W�eDcq^¯�6W
cl�U�Ubdh ��giVkc~`dWDsN�=¦ ��Oa®
¬(¢Fe��ogosUWDcq^|s�gvr¡`dcq^6e�WDrS��W�`y��W�WD^N`dRUW�Y~jÃ}lW9e*`dhlbmr 8 O cq^Fs % O ��g±`dR&º

%RO 
 � + NR&HO 0 � > �+ NR&HO 0 � b'� � + NR&HO 0 �
A �

+ NR&HO 0 � b'� � + NR&HO 0 � Z
�

+ NR&HO 0 � b���� f
I%W�^Fe�Wln�`dRUW�W�bdbahfb��¥¢U^Fe*`dgihf^�`ahk��W�VBgo^UgoVXgEFDWDs�gorDº

���%��
��
O[Z >�� AO

��gi`aRÂº

� AO 
 � +-NR& O 0 � > �+-NR& O 0 � b��  8 � > �O � A - � +-NR& O 0 � A �+-NR& O 0 � b��  8 � A �O � A - � + NR& O 0 � Z �+ NR& O 0 � b��  8 � Z �O � A
��RFgoemR°gvr¤c­^Uhl^�jÃ�ogi^UW9cqb��¥¢F^Fe*`dgihf^³gi^³`aRUW�W�^=`abdgiW9r�hq�WN¶®�QÂh­VXgo^UgoVBgGF�WN`aRUgvr��¥¢F^Fe*`dgihf^&n ^Uhl^Uj>�ogi^FWDcqb
hf��`agoVXgEF9c~`dgihf^�VXW�`dRUh�sUr{clbaW¨^UWDe�WDrdraclba¦f®
�%�±`dW�bd^Fc~`dgi}fW��o¦ln%gi`|gor���hfrdr¡go�U�oW4`dh�s�W��F^UW@cq^K¬1¢Fe��ogvs�WDcl^Ks�gvry`mcq^Fe�W�go^ `dRUW¶�qj_� }fWDe�`ahlb¯ra�Fcle�W

cfrarah�e�gvc~`dWDs���g±`dR|`aRUW¤¬1¢Fe��igvs�WDcl^­r¡�6cle�W���RFW�^|`dRUW��vc~`¡`dW�b£gor£ckr¡¢U�UjÃra�Fcle�W�hq�#`aRFW[�UbdhqxyW9e*`ago}lW�ra�Fcfe�Wl®
� ^FW%�ScP¦¤`dhBsUW��F^UW�cq^�¬1¢Fe��igvs�WDcl^�s�gvr¡`dcq^6e�W¨�6W�`y�-WDW�^;8 � cq^6s;NR& � gvr-`ah¤clba�Fg±`dbdclbago�i¦¤� �k`dRUW�raeDcq�oW
� cfe*`dhlb#clrdr¡h�e�gvc~`dWDs���gi`aR[`aRUWSRUhfVXhlplWD^UW�hf¢Fr&}fWDe�`ahlbwNR&���cl^Fs�`dh¨e�hlVX�U¢�`dW(`dRUW�sUgor¡`dcl^Fe�W ��O���W�`y��W�WD^
`dRUgvr�}lW9e*`ahfb�cq^Fs�g±`mr��UbdhqxyW9e*`agohl^�hl^=`ahB`dRUW�s�gobaW9e*`agohl^�hq�w8�� < raW�W�¸
gopl¢UbdWqS >*º

� AO 
 +-NR& O 0 f +-NR& O 0  +-8 fO NR&pO 0 A
8 fO 8 O


 & fO N f � b NR& O  � 3
8 fO 8QO � & fO N f 8 O 8 fO NR& O


 & fO N f � � b  8 O 8 fO8 fO 8JO� ��� ��
	
� NR& O


 & fO N f�� O-NR&HO

[\[^]�_a`�b*c1d
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\Ã`%gvr%r¡`abmcqgoplR=`a�¥hlbd��clbdsX`dhNemRUW9em§k`aRFcq`%Vkc~`dbag � � O gvr{r¡¦tVXVXW�`dbagve�cq^Fs|rago^Fe�W�gi`dr%W�goplW�^t}~cq�o¢UW9r�cqbdW+ 3 � 3 � 3 � # 0 gi`�gor�raW�VXgijÃs�W��F^Ugi`aWkcq^6s4��hfrag±`dgi}fWl®B· g±`dR¶`aRUWk^Uhl`dcq`agohl^Fr�cq�obdWDclsU¦|¢Fr¡W9s4go^@r¡W9e*`agohl^6r���®o�
cl^Fs¯��® ��º

NR& O 

ABB
C
& fO � fb � fb � fb
� fb & fO � fb � fb� fb � fb & fO � fb� fb � fb � fb & fO

DFEE
G
AB
C
*k>/>
®®®* b/b
DFE
G 
 � O ;

��W�hl��`mcqgo^N`dRUW��¥hl�o�oh~��gi^UpXWDbabdhlb-�¥¢U^Fe�`agohl^&º
� A 
 � O � AO 
 ; f � O � � fO � O � O � ; 
 ; f � ; <¡�l� >

QSRUWXrahl�o¢�`agohl^¯`dRFc~`�VXgi^UgoVXgEFDWDr%`aRUgvr¨W�bdbahfb��¥¢U^Fe�`agohl^�gor%`aRUW¤W�goplWD^=}fWDe�`ahlb£e�hlbdbdWDra�6hf^Fs�go^UpX`ah�`aRUW
raVkcq�o�iW9ry`�WDgipfW�^t}~cq�o¢UW£hl��`dRUW���hfrag±`dgi}fW�raW�VXgijÃsUW��F^Ugi`aW�ra¦tVXVBW�`abdgoe¨Vkc~`dbag � � ®

¸
gopl¢UbdW��Uº1� �Fcqgob�hq�
baW9cq�OgoVXclplW9r <¥�oW�� `�>Scl^FsN`aRUW�¬1¢6e��ogos�W9cq^¯bdWDe�hf^Fr¡`abd¢Fe*`dgihf^µhq�
`aRUW�rde�WD^UW <¥bdgipfRf`1>*®
Q�hk`aW9ry`%`aRUgvr{VXW�`dRUh�s¯hl^¯bdWDcq��sUc~`mcUnFe�hl^FragosUW�b�`dRUW��Fclgib{hl� giVkcqpfWDrShl� ¸
gopl¢UbdW��U®�w#hlgo^=`%e�hlbdbdWDr¡j

��hl^6s�W�^Fe�WDr ��W�bdW�hl�U`dcqgo^UW9sXgi^=`aWDbdcfe*`dgi}fW��o¦lnlcl^Fs¤`aRUW%�¥¢U^FsUclVBWD^=`dcq�FVXcq`abdg �X�Sclr#WDr¡`agoVkc~`dWDsX¢Fragi^Fp�`aRUW

���9[=���
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¸
gipf¢UbdW ��º ��gipfgos�VXhq`dgihf^�hl�
cXr¡`aW�bdW�hXbdgip6®

VXW�`aRUh�s@s�WDrde�bdgo�6W9s4go^ 8i�9Y,:>®k¬(¢Fe��ogosUWDcq^°YqjÃ� e�h=hfbdsUgi^Fcq`aW9r£hl�S�l����hlgo^=`dr���W�bdWB�Ubah~}tgvs�WDs���gi`aR¶`aRUW
sFc~`dc�cl^FsB�-W%¢Fr¡W9s¤`aRUWDV�`dh�e�hfVB�F¢�`aW�`dRUW%e�hl�o�igo^UWDcq`agohl^kN¶®#¸�go^Fcl�i�o¦lnf`aRUgvr(e�hl�o�igo^UW9c~`agohl^B�Sclr1cl�U�U�ogiW9s
`dh4cq�o� `dRUWµ�UbdhqxyW9e*`ago}lWD�i¦�baW9e�hf^Fry`dba¢6e*`aW9s¶�6hfgi^=`drD®¯¸�gopl¢FbaWN�|raRUh~�{r�`dRUWµ¬1¢6e��ogos�W9cq^°bdWDe�hl^Fr¡`abd¢Fe*`dgihf^
`dRt¢FrShl��`mcqgo^UWDs&®

'
��� �W	 � � � - � �5��� 
�� � ��� � � � ��) 35- ���5��	�� �4
�	 - � � /J� 
 35- ���R� �
·¶Wµe�hf^Fragos�WDb�^Uh~�©cq^@¢U^FeDcq�ogi�Ubmc~`dWDs¶ry`dW�bdW�h|bdgip�`dRFc~`[hf�FraW�bd}lWDr�cl^¶¢F^U§t^Uh~��^¶YqjÃ� rae�W�^UWk��RUgo�oWµg±`
��W�ba�¥hlbdVkr�c£r¡W�`
hl�Fbdgipfgos�VXhl`agohl^FrD®�YqjÃ��¬1¢Fe��igvs�W9cq^¤e�hthlbms�gi^6c~`aW9r&hl�U`aRUW�rde�WD^UW(��hlgo^=`dr#cqbdW-s�W9r¡gobdWDs/®�\_^
`dRUW{pfW�^UWDbdcl�Fe�cfr¡WfnfY~j_� r¡`abd¢Fe*`d¢UbdW%e�cl^k�6W{bdWDe�h~}lWDbaW9s[hf^U�i¦¤¢U�k`dh[c�Y~j_� �UbdhqxyW9e*`dgi}fWS`abmcq^Fr¡�¥hlbdVkc~`agohl^Â®
I%h~�-WD}lWDbDnfg±�&`dRUW�ry`dW�bdW�h�bdgip¤¢U^Fs�WDbapfhtWDr1bdgoplgvskVXhq`agohl^�cq^Fsµ�¥hlb�¢U^FemRFcl^Uplgo^Up�go^=`abdgi^Fragve%e�clVXW�bmc��Fclbdcqj
VXW�`aW�bmrDnU`aRFW[�UbdhqxyW9e*`ago}lW�clV[�Ugopl¢Ugi`y¦¯e�cq^¯��W[bdWDs�¢6e�WDs�`dhNc~ªk^UW[hlb�`dhµ¬1¢Fe��igvs�WDcl^ 8o���UnO��n6��:>®{QSRUW9r¡W
VXW�`aRUh�sUrSVkcq§fW%¢FraW�hq��rahlVXW¨hq��`aRUW�cq�oplWD�Ubdclgoe%�Ubdhl��W�ba`agoWDr�hq�&`dRUW�e�hf�i�ogi^FWDc~`dgihf^NVkc~`dbag �;N ��W�`y��W�WD^
`y��hk�UbdhqxyW9e*`ago}lW�bdWDe�hl^Fr¡`abd¢Fe�`agohl^FrD®-\_^6s�W�W9s/n�cfr�hl¢U`a�ogi^UW9s|��W��oh~��nU`aRFW[�UbdhqxyW9e*`agohl^�`dbdcl^Fry�¥hfbaVkcq`agohl^�gor
e�hl^~xy¢Fpfc~`dWDs/n�go^�`aRUgvr�ra�6W9e�gvcq�ÂeDclraWln=`ahµcBbdgipfgosN`abmcq^Fr¡�¥hlbdVkc~`dgihf^&®
\_^FsUW�WDs&n£gi�[`dRUW¶`y�-h²�Fcqgobdr�hl�[giVkclplWDr���W�bdW�hf��`dclgi^UW9s �t¦´`aRFW¶rdcqVXW@ry`dW�bdW�hGbdgop²��RUgvemR �Sclr

VXh~}fWDs°bdgipfgosU�i¦fn#`aRUW��¥¢U^FsUclVXW�^=`dcl��Vkcq`abdg ��WDr T V cl^Fs T 2tn-cq^FsGRUW�^Fe�WM	 �V 
 	 �2 cqbdWk`aRUW|rdcqVXWl®
QSRFW�bdW��¥hlbdWln.+-	 V �/	 �V 0 cq^6s +-	�2@�]	 �2 0 sUW��F^UW%`aRUW�rdcqVXW{`dRUW£�FbahlxyWDe*`dgi}fW{�Fcfr¡gvr5)���® �%rdra¢UVXW%`dRFc~`:) �

[\[^]�_a`�b*c1d
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gvrS`dRUW�¬1¢Fe��igvs�WDcl^|�Fclragvr�clrdr¡h�e�gvc~`dWDs���g±`dR�`aRUW[r¡`aWDbaWDh¤bdgopk�6W��¥hlbdW£`dRUW�VXhq`dgihf^|cq^Fs��oW�`WN � �²��W�`aRUW
e�hl�o�igo^UW9c~`agohl^��6W�`y�-WDW�^�`aRFW��FclraWDr ) � cq^Fs;)�� < raW�W�¸
gipf¢UbaW � >*®
\_^4`aRUgvr�e�clraWln6`aRFWBe�hl�o�igo^UWDcq`agohl^|`dRFc~`�Vkcq�Fr%`aRFW¤bdWDe�hl^Fr¡`abd¢Fe*`dWDs¯��hlgo^=`dr¨�6W��¥hlbdW�`dRUW¤VXhl`agohl^Q& O

`dhB`aRUW�bdWDe�hl^Fr¡`abd¢Fe*`dWDs��6hfgi^=`mr�c~� `aWDbS`aRUW�VXhl`agohl^R8JO#gvrSplgo}lWD^��t¦
N��BN g >� ��� N � � <¡�9� >

��RFW�bdW � gor(`aRFW¨s�gvra�U�ocfe�WDVBWD^=`�hl�/`aRUW�ry`dW�bdW�h¤bagop¤cl^Fs�N � � gor(`aRUW�e�hf�i�ogo^UWDcq`agohl^µ��RUgvemRN¢F��sUcq`aW£`aRUW
�FbahlxyWDe*`dgi}fW%��hlgo^=`dr &HOW<¥hlbSW �f¢Fgi}~cq�oW�^=`d�i¦k8JO!>1`ahXc[¬(¢Fe��ogosUWDcq^�bdW��UbdWDraW�^=`dcq`agohl^&®
\Ã`SRFclr���W�W�^¯raRUh~��^
go^ 8 ��:&`aRFcq`
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��RFW�bdW � gvrX`dRUW­Vkc~`dbag �²hl��go^=`abdgi^6r¡gve¯�FcqbmcqVXW�`aW�bmrXhq��`dRUW­�oW�� `�eDcqVXW�bmc°cq^Fs � � f � � gorµ`aRUWW �=¢Fc~`dgihf^�hl�Â`aRFW��U�ocl^UW�c~`�go^��F^Ugi`y¦Ngo^�`aRUW��FbahlxyWDe*`dgi}fW£�6clragor )���®
¬ ���Fcl^Fs�go^Up <¡�9� >�n c~� `aWDb[c|^UhfbaVkcl�igGFDcq`agohl^¶hq�lN r¡¢FemR@`dRFc~`��	� �j+-N 0 
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� � ��� �

� fZ 3 � � � g > � Z
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\Ã`{�Sclr�raRUh~��^¯go^�� ���Ãn�`dRFc~`{gi� � gor%cXplW�^FW�bmcq�&s�gvr¡�F�ocfe�W�VXWD^f`9nUhl^FW�eDcq^|e�hfVX�U¢�`aWI+ � f � �'07f ¢U��`ahµc
rde�cl�iW¨�¥bdhlV¯º

N f � � � � 
 � b
¸F¢Ub¡`dRUW�bdVXhlbdWlnt�¥bdhlV <¡��� >(bdWDra¢U�i`dr
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 � � � g > 
 N Z/Z  3
�
; > �

��RFW�bdW£`dRUW��¥hl�o�oh~��gi^UpB^Uhl`dc~`dgihf^��Sclr�e�hl^Fragvs�W�bdWDs

N 
 � N Z/Z ;5>; fA � b�b �
!%hq`aW�`dRFc~` � � gor�`dRUW�go^��F^Ugi`aW�RUhfVXhlplbmcq�FR=¦X��W�`y��W�WD^N`dRUW�giVkclplWDr�hl��`dRUW��iW�� `%e�cqVXWDbdcFn=��W��¥hfbaW

cl^Fs´c~� `dW�bk`dRUW|bagoplgvs�VXhq`agohl^Â®;6%ragi^Fp@`aRUW­hfb¡`dRUhlpfhl^Fcl�igi`y¦°hq��bdhq`dcq`agohl^�Vkc~`abdgve�WDrXhf^UW­e�cl^´WDclrago�i¦
hf��`dclgi^�`aRFW��¥hl�o�ih~��go^UpBbaWD�ocq`agohl^FraRUgo�&º
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���9[=���



�����������	��

��������������������
�����������
�������� 
!���#"%$&�('���)*
!��+,�.-��/)�����01
�$123)�
!������0 � �

            ��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������            ��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

¸
gopl¢UbdW��Uº(�"�6cqgob�hq�#giVkcqpfWDrShl��`dRUW[e�cl�igo�Ubmc~`dgihf^�pfbagvsK< ¢U�?>�cl^Fs�`aRUW�¬(¢Fe��ogosUWDcq^¯bdWDe�hl^Fr¡`abd¢Fe*`dgihf^�hl�
`dRUW�rde�W�^FW <;s�h~��^?>�®

QSRFW�Vkcq`abdg � � g=f � gvr §t^Uh~��^Bclr
`aRFW�giVkcqpfWShq�F`dRUW{cq�6r¡hf�i¢�`dW�e�hl^Fgoel®
QSRUWDbaW��¥hlbdWln~hf^UW�e�cq^Xe�hfVX�U¢�`aW
`dRUW[goVkcqpfW[hq� `dRUW¤cl�Frahl�o¢�`aWBe�hl^Fgoeln�cl^Fs|RUWD^Fe�W[`aRUWXe�clVBWDbdcXgo^=`abdgi^6r¡gve��FclbdclVXW�`aWDbdrDnFgi�(Vkc~`dbag � � �
gvrS§t^Uh~��^ 8 S�:>®
¸FbahfV � � cl^Fs � bdWDra¢U�i`dr � 
 � g > � � � cl^Fs­�¥bdhlV ;5> 
 � � � `aRUWX`dbdcl^Fr¡�vc~`dgihf^4¢U�¶`dh¯c

rde�cl�iW�gvrSplgo}lWD^��t¦Oº

� 
 3
�
� g > ; >

Q�h£ra¢UVXVkcqbdgEFDWln9`aRUWSe�hf�i�ogo^UWDcq`agohl^,N cl�i�oh~�{r&¢FrÂ`ah£WDr¡`agoVkc~`aW-`aRFW-�U�vcq^FW-c~`
gi^U�F^Ugi`y¦�cq^Fs�`dRUW�gi^=`aWDb¡j
^6cq�6eDcqVXW�bmc��FclbdclVBW�`aWDbdr1cl^FsXRUWD^Fe�Wfnl`dh[e�hf^=}fW�ba`1�UbdhqxyWDe�`ago}lW%r¡`abd¢Fe�`a¢UbdWS`ahBc~ªk^UW%cl^FsB`ah¤¬1¢Fe��ogvs�WDcl^
r¡`abd¢Fe�`a¢UbdWl®
Q�h�plgo}lW{cl^kW �UcqVX�U�oW�hq�O`dRUW%¢FraW��¥¢F�i^UW9rar(hq� N gi^X`dRUgvr(e�cfr¡W#<¥hl^FW%e�cl^¤�6^FsX�¥¢Uba`aRUWDb(W �t��W�bdgoVBWD^=`dcq�

bdWDra¢U�i`dr¤gi^ 8i�D�Un ��n �,:
>���WNp=c~`aRFW�bdWDs@`y��h4goVkcqplW��Fcqgobmr�hq�%`aRUW¯e�cl�igo�Ubmc~`agohl^°pfbagvsJ<;¸�gopl¢FbaW�� >���gi`aR
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`dRUW�raclVXW£r¡`aW�bdW�hBbdgipBcq^Fs��-W�e�hfVX�U¢�`aW9sk`dRUW�e�hl�o�ogi^UW9c~`dgihf^;N¶®1¸UbdhlV
N ��W¨hl��`mcqgo^UWDsµ`aRUW��U�vcq^UW�c~`
go^��F^Fg±`y¦c� � f � � cq^6s[`dRUW�go^f`dbago^Fragoe��FclbdclVXW�`aWDbdr � ® ¸U¢Fb¡`dRUW�bdVXhlbdWln~��W�¢U��sFc~`aW9s¤`aRUW��UbdhqxyW9e*`dgi}fW��hlgo^=`dr & O ¢Fr¡go^UpRN � � cl^Fs¯`aRt¢Fr¨hf��`dclgi^Ugo^Up�cµ¬1¢Fe��igvs�W9cq^4bdWDe�hl^Fr¡`abd¢Fe�`agohl^&®�QÂ��h�sUg 7OW�bdW�^=`£}tgoW��{r
hl�Â`dRUW�Y~j_��r¡W�`dr�hl����hlgo^=`drS`dR=¢6rShl��`mcqgo^UWDs¯cqbdW�r¡RUh~��^�hl^¯¸
gipf¢UbdW��F®

� ������'-��0�.Â�����

\_^X`dRUgvr1�Fcl�6WDb1�-W£s�WDrde�bdgi��WDsB}~cqbdgohl¢Fr VXW�`aRUh�sUr1`ah�W9ry`dgiVkc~`dWS`aRUW¨e�hf�i�ogi^FWDc~`dgihf^X�6W�`y�-WDW�^B`y�-h��FbahlxyWDe*j
`dgi}fWSbaW9e�hl^6ry`dba¢Fe�`agohl^FrD®Â·¶W{s�W9rae�bago�6W9s�`y��h��igo^UW9cqb VXW�`dRUh�sUr ��RUgvemR¤VXgo^UgoVBgGF�W{cl^kcq�oplW��Fbdclgoe-s�gor¡`dcl^Fe�W
go^@Y~j_� �UbahlxyWDe�`ago}lWXr¡�Fcfe�Wfn/`y�-h¯^Uhf^�jÃ�igo^UWDclb�VBW�`aRUh�sUr���RFgoemR@VXgi^FgiVXgGF�Wkc�VBW�`abdgoeksUgor¡`dcl^Fe�WXgo^@�~jÃ�
goVkcqpfW�r¡�Fcfe�Wfn6cq^6s|ckbahf�U¢Fr¡`{VXW�`aRFhts­��RUgoemR­e�hlV¤�Ugi^FWDr{cl^=¦�hq�#`dRUW��ogi^UW9cqb{VXW�`aRUh�sUr£��g±`dR­cq^|hf¢�`¡j
�ogoW�b%bdWyxyW9e*`dgihf^¯r¡`abmc~`dW�pf¦l®Sz|hlbdW�h~}fW�b9nt�¥hlb{`dRUW[ra�6W9e�gvcq�
e�clraW���RUWDbaW�¬(¢Fe��ogosUWDcq^­e�hthlbms�gi^6c~`aW9r�hq�1cX�¥WD�
e�hl^=`abdhl���6hfgi^=`mr¨clbaWBcP}~cqgo�ocl�U�iWfn6��W¤sUW�}tgoraWDs�cµ�ogi^FWDcqb¨VXW�`dRUh�s­�Fcfr¡W9s­hl^�cµVXW�`dbagve¤sUgor¡`dcl^Fe�WBgi^4`aRUW
�ljÃ�"}fWDe�`ahlb�ra�Fcle�W�clrdr¡h�e�gvc~`dWDsN��g±`dR�RFhlVXhlpfW�^UWDhl¢FrSe�hthfbds�go^Fcq`aWDrD®
\_^�hlbms�W�b%`ahNWD}~cq�o¢Fc~`dW�`aRFWDraW[VXW�`dRUh�sUr�cq^Fs­cfraraWDrdr�`dRUW�gob¨baW9r¡��WDe�`ago}lW�VXW�bdgi`drDn���W¤eDcqbdbagoWDs¯hf¢�`¨c

�vcqbdplW%^=¢FV[��W�b�hq�ÂW �t��W�bdgoVBWD^=`dr-��g±`dRN��hq`aR�r¡¦t^=`aRFW�`agve%cl^FsµbdWDcl�6sUcq`dcF®#QSRFW¨ra¦t^f`dRUW�`dgoe£sUc~`mc[cl�i�oh~�-W9s
¢6rS`ahµcfsUs S cq¢Frdr¡gvcq^�^UhfgoraW�`ahkgoVkcqplW�sUcq`dckcl^Fs�`ahµr¡`a¢Fs�¦�`aRFW�^=¢FVBWDbagve�cl�Âr¡`dcq�Fgi�og±`y¦Nhq�#`aRUW�}~clbagohl¢Fr
goVX�U�oW�VXW�^=`aW9s�VXW�`dRUh�sUrD®�\_^[`aRUWS�ogipfRf`#hq�F`aRUW9r¡W�W ����W�bdgiVXW�^=`mrÂgi`1cq�U��WDclbdr&`aRFcq` cl�i�=`dRUW-VXW�`aRUh�sUr
RFcP}fW
cl^�cl�iVXhfr¡`�gosUW�^=`agve�cl�
��W�R6cP}=gohlb�cl^Fs|`dRFc~`�`aRFWk^Uhl^�jÃ�ogi^UW9cqb¨VXW�`aRFhtsFr�hl¢�`d�6WDb¡�¥hfbaV `dRUWX�igo^UWDclb�hl^UW9r�®
I%h~�-WD}lWDb��¥hlb[�oW�}fW��vr�hl�{^Uhlgvr¡WN�6WD�ih~� hl^FWµ�Ug �tWD�-go^³Vkcqpf^Ugi`a¢Fs�WNg±`Bgor¤^Uhq`¤�6h=raragi�F�iWN`ah4s�gvr¡`ago^Upl¢UgvraR
��W�`y��W�WD^4`dRUWX�6WDb¡�¥hfbaVkcl^Fe�W9r£hl�(`dRUWX�¥hl¢Ub�VXW�`aRUh�sUrD®B�%^Uhq`dRUW�b�raW�`�hl��W �t��W�bdgoVBWD^=`dr�cq�o�ih~��WDs4¢Fr¨`ah
`dWDr¡` `aRUW%�6WDb¡�¥hfbaVkcq^6e�WSclr1c¨�¥¢U^6e*`agohl^Xhl�6`dRUW{^t¢UV[��W�b hl����hlgo^=`dr ��W�go^Up[e�hl^Fragvs�W�bdWDs/®
QSRUW{e�hf^Fe��o¢Fragihf^
hl��`dRUgvr{r¡W�`{hq�#W ����W�bdgiVXW�^=`mrSgorDnU^Uhl`%r¡¢Ubd�Ubdgorago^Upl�o¦lnt`dRFc~`=< gL>�`dRUW�VXhlbdW��6hfgi^=`{Vkc~`memRUWDr�clbaW�cP}~cqgo�ocl�U�oW
`dRUW���W�`¡`dW�b{gi`{gvr�cq^Fs <¥gog�>��6WD�ih~���XS[`ahµ�q�B��hlgo^=`{VXcq`demRUW9r�hl^UW�raRUhl¢F�os�W ����WDe*`{¢F^UbaWD�igvcq�F�iW�bdWDra¢U�±`mr�®
¸Fhlb�`dRUW�ra��WDe�gvcq��e�cfr¡Wµ��RFW�bdWµ�UbdhqxyWDe�`ago}lWµe�h=hfbdsUgi^Fcq`aW9r�hq�%c¯�¥WD� e�hf^f`dbahf�1��hlgo^f`mr¤clbaWkVkcq`demRUW9s

clpfclgi^Fr¡`�¬1¢Fe��igvs�WDcl^­e�hthlbms�go^Fc~`dWDrDn��-W�R6cP}lW���W�W�^|cl�U�iW�`ahµs�WD}=gvraW�cX�igo^UWDclb{VXW�`dRUh�s¯��RUgoemR¯gvr{�Fcfr¡W9s
hf^�cSVBW�`abdgoe(s�gor¡`dcl^Fe�W go^��qj_�³ra�Fcle�W9B{`aRUW(}lWDe�`ahfb&r¡�Fcfe�W1cfrarah�e�gvc~`aW9s%��gi`aR�RFhlVXhlpfW�^UWDhl¢FrOe�hthfbds�go^Fcq`aWDr
hl��`dRUW[YqjÃ���FbahlxyWDe*`dgi}fW�r¡�Fcfe�W�cq^6s�gi`dr%¬1¢Fe��igvs�WDcl^|r¡¢U�UjÃra�Fcle�Wl® H ¢FemR­cX�igo^UW9cqb�W�bdbdhlb��¥¢U^Fe�`agohl^­e�hf¢U�vs
�Fbahf�Fcq�U�o¦³��W­W �t`dW�^Fs�W9s²`ah°hq`dRUW�bNWDr¡`agoVXcq`agohl^´�Ubdhl�U�oW�Vkrµra¢FemR´e�clVBWDbdc@eDcq�ogi�Ubmc~`dgihf^�cl^Fs��U¢U^FsU�iW
cfsPxy¢Fr¡`aVXW�^=`9®

� ^UW�go^f`dW�bdWDr¡`ago^Up�cl�U�U�ogoeDc~`dgihf^Gclrdr¡h�e�gocq`aWDs@��gi`aRG`aRUW¯e�hfVX�U¢�`dcq`agohl^²hq�%ra¢FemR²c�Y~j_� �UbdhqxyW9e*`dgi}fW
`dbdcl^Fr¡�¥hlbdVXcq`agohl^¶gor�`aRUWk`dbdcl^Fr¡�¥W�b�hl���~jÃ� �6hfgi^=`dr��¥bahfVÄhl^FWNry`dW�bdW�h¯goVXclplWk�Fclgib�`ah­cq^Fhq`aRFW�b[r¡`aWDbaWDh
goVkcqpfW��FcqgobD®�QSRUgvrS`abmcq^Fr¡�¥W�b{`aWDemRF^Ug �=¢UW[gor�¢6r¡W��¥¢U�Â��RUWD^UW�}fW�b%ckraW�`£hq� Y~j_���6hfgi^=`mr{gvr�hl�FraW�bd}lW9sN��gi`aR
hf^UWSry`dW�bdW�h¨�Fcqgob cq^Fs¤hl^UW��Scq^=`dr�`ah�s�gvra�U�ocP¦�`dRUW�raclVXW�YqjÃ�´raW�`1clr
gi`1�-hf¢U�os[�6WShf�Fr¡WDba}fWDs��t¦[cl^Uhq`dRUW�b
r¡`aWDbaWDh|�Fcqgob9®­QSRUgor¤ry`dW�bdW�h¯`dbdcl^Fry�¥WDb�`dWDemRU^Ug �=¢UWµRFcfr���W�WD^Gcq�U�F�igoWDs¶`dh4c|}tgora¢Fcl�(plbmclra�Ugo^Up¯VXW�`aRFhts
sUW�}lWD�ihf�6W9sNWD�oraW���RFW�bdW#8 � :Ã®
¸
go^Fcq�o�i¦B��W%s�WDrde�bdgo�6W9sB`aRUW£baWD�ocq`agohl^FraRUgo�B��W�`y��W�WD^X`aRUW¨Y~j_� �UbdhqxyW9e*`dgi}fWS`abmcq^Fr¡�¥hlbdVkc~`agohl^Xcq^6sX`aRUW

raW��i� j_e�cq�ogo�Ubdcq`agohl^khl��c[r¡`aWDbaWDh[bdgip6®
QSRUgvr�gor-�Ubdhl�Fcl�U�o¦Bhf^UW%hl�&`aRFW£VXhfr¡`S�UbahfVXgoragi^Fp�hl¢�`me�hfVBW£�6W9e�cl¢Fr¡W
gi`£cl�i�oh~�{r�`aRUW[¢U�UplbmclsUgi^UpXhl� ckYqjÃ� �UbahlxyWDe�`ago}lW�bdWDe�hf^Fr¡`abd¢Fe*`dgihf^N`dhµc~ªk^UW[cl^Fs�`ahµ¬1¢6e��ogos�W9cq^|�Fcfr¡W9s
hf^��ogo^UWDclb{cq�oplW��FbdcF®
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QSRFW�cl¢�`aRFhlbmrS�-hf¢U�os��ogi§fW£`dhX`aRFcl^U§ ��RFW�^Upf¦lhl¢ ��RFcl^UpB�¥hlb��UbdW�}tgohl¢FrSs�gvrae�¢Frdr¡gohl^Fr�cl^Fs�r¡¢UpfplW9ry`dgihf^Fr�®

+,���~�S!#����'���.
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Unit é de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
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