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SITVU�WYX[Z]\_^?`aW�bVced4fg`ihLj�X�fkhmlnfg`iWY`eopdqfp`ahmj
r X�ops?otfpU0WYX0oku�hLWYlVciX�vnX0o
wyxphmz{X�fk|{u�dmxpX

}~dql�l�hLxtf r X[xgX0u�TVX0xgu�TVX�jC��ZL�L�m��\��~h4�LX�W
�VxpX��q�L�L��\�ZmZ]l�dm�mX0o

�����0���4�V�m�m� SIT�`ao�xpX0l�hLxtfk`eokfpT�X�otb�W]W!dmxps�hm�y��hLxp� r hmjVX�`aj�fpTVXY��|t����}�lVxghqz{X(u�f~hm�Ou�hmcacadm��hLxgdq�
fg`ihLj��CX�f{�'X�X0j�|t^nS¡ 2¢£`eot�ChLd<¤Admj r fgTVX[|{u�dqxgX+w¥xphmz{X0u�f[ 8|{�+}k|{�¦^?hmlVT�`ad]�~j<fp`alChmca`ao�¤y�8hLxI�<`eop`ihLjn�§��dmopX r
u�hmj<fpxghmc¨dmlVlVca`iX r fgh�dqj�dqbnfghmjVhLW]hLb�oIdq`axgu�xgdq�©f0ª
��j«bVjV`i¬�X r WYh r X�ca`ij��­�8x�dqWYX��'hmxg�E`eo r X�¬�jVX r dmj r fpT�X��?`aop`ahmjn�®��dmopX r dmbnfphm�§cedqj r `ij��­hq�kfgTVX�¯+�±°
WYh r X0c~`ao�dqj�dmcis?²�X r¨³ ��dmopX r hmjRfpT�X­u�cedmogot`eu�dmc~dqcifpX�xgj�dqfp`a�mXK��X�f{��X0X�j�l�h<ot`ifp`ahmjV�§��dLotX r dmj r `iW!dm�mX��
��dmopX r �<`eopb�dqc±u�hmj<fpxghmc§ª¥SITVX�u�hmj<fpxghmcaciX0x r X0op`i�Lj�`ao~d r dqlVfpX r �8hLx~��hmfpT�dql�lVxph<dmu�TVX(oIdqj r op`iW
bVcadqfp`ahmj�o
xgX0opbVcifgo!dmxpX�lVxgX0opX�j<fpX r `ajRhmx r X�xYfgh´�4dmci` r d4fgX�fpTVX�l�xphLl�h<otX r ophmcabnfp`ahmj�o!dmj r dqcacih4�µ�8hmx�d¶u�xg`ifp`eu�dqc
X0�4dqcab�d4fg`ihLj�hm�±fpT�X[f{��h!dql�lVxph<dmu�TVX(o�ª

·�¸<¹:ºg»�¼ �4½��m� ¯~jVW!dqj�jVX r �IX0xp`edqc�°yX�TV`eu�caX�¯���° ³ °�`eop`ihLjn�§��dmopX r u�hLjLfgxphLc ³ dqbnfghq�®cadmj r `ajV� ³mr s<j�dqWY`au
WYh r X0ci`ajV� ³ xghm��b�o{f~u�hmj<fpxghmc
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 � ��X�x�dql�l�hLxtf�X0otf�ced�ots?j<fpT�U0opX r bÄfpx�d.�4dq`acyx��(dqca`ao�� r dqj�o�ciX�u0d r xgX r b¶lVxghqz{X�f r X�u�hLc �
cedq�Chmx�d4fg`ihLj�����������X�j<fgxpX
ciX]lVxghqz{X�f ��!"�#�%$ r X�c'& |{�+}k|{�$X�f[ciX�(�xphLbVl�X r X!��hmj<fpx%)mcaX r X
c*&+�-,/.10*��0'23054
6 2873$��1�94#�;:�<%!�,=�9!"4 r X]¢£`eot�ChmjVj�Xmª���X�fpx�d.�4dq`ac�u�hmWYl�dmxpX r X�bnv­dql�lVxphnu�TVX(o r & dmogopX�xg�<`eogotX0W]X0j<f~�<`eopbVX�c
 Pl�h<ot`ifp`ahmjV�§��dLotX r X�f
`aW!dq�LX��®��dmopX r ¤�dmlVlVca`?><b/�0X0o�dmb«u�hLjLfgx�)LciX r & bVj r x�)LjVX�d��0xp`aX�j r dmj�o�b�jVX�lVT�dmopX
r & dqftfpX0xpxg`eopogdq�LX+dqbVfphmW!dqfp`@>Lb�Xmªy¢±d r `BA�u�bVcif�� r b�lVxghm��ciU0W]X[x%�0op` r X+lVxg`aj�u�`al�dqcaX�WYX0jLf r dmj�oIcaX�W]h r U0ciX
r s<j�dqWY`?><bVX]�8hLxtfgX�WYX�j<f�jVhmj´ca`ij/�(dq`axpXYX�f�u�hmbVl�cB� r b r x%)mjVXY��}+�DC�}FEHG�¯���°I><bV`¥lCX�bnf�dmW]X0jVX�x
J r X0o�`ij�otfgdm�V`aci`if��(o~cahmx�o�><b+& hmj�caX�xpX0��hLb�u�caX�d.�LX0u r X(o~`ajn�8hmxgW!d4fp`ahmj�ok�?`aopbVX�cacaX0o0ªI¢±X0o+dmopl�X(u�fgo�WYh r ��ca` �
ogd4fg`ihLj�o+X�f�ots?j<fpTVU(otX r X0o[u�hmj<fpxghmcaX�bVx�oklChmbVx[caX0o r X�bVvEdqlVlVxghnu�TVX0o�ophmj<f+lVx%�0opX�j<f%�0o+X�f�u�hmWYl�dmx��(o~X0j
op`aW�bVced4fg`ihLj
K�¼ �(� º �ML 
 ��� ��ogotX0xp�?`eopopX�WYX�j<f'�<`eopbVX�c ³ WYh r ��caX r s?j�dmWY`?><bVX r X r x%)mjVX[d��0xp`aX�j ³ dqftfgX�xgxp`eopogdq�LX�dqbVfphq�
W!dqfp`@>Lb�X ³ u�hLj<fpxghmcaX�bVxk¢�N�}
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SIT�X�W!dq`aj!hm�nz{X(u�fg`i�LX~hq�¨fgTVX�lVxgX0opX�j<fA�'hmxg��`eoAfpTVX�otX(dqx�u�T
�8hLx'u�hmj<fpxghmc�o{fgxgdqfpX��L`iX(oO�8hmxAfpTVX[dqbVfphmW!dqfp`eu
cedqj r `ij��]hm��dmj�dmbnfphLjVhmWYhLb�oIdq`axk�mX�T�`au�ciX[b�op`ij��
fgTVX�`aWYdm�mX(o�l�xph4�?` r X r �?s�dqj�dq`axp�ChmxgjVX�u�dmWYX�x�dVª
SITVX�cedqj r `ajV��`eo�fpTVX+WYhmxgX r X0WYdmj r `ajV����`i�LTLf'lVT�dLotX ³ �ChqfgT�`aj!fpX0xpW!o�hq�£xgX ><bV`axpX r dmu0u�bVx�dmu�s
dqj r

j�X0u�X(opogdqxgsKxphL�Vb�otfpjVX(opo0ª���jVhqfgTVX�x�u�T�dmxgdLu�fgX�xg`aotfp`eu�hq�yfgTVXYcadmj r `ajV�� Pl�dqxpfpcasYz{b�otfp`i�8s?`ijV��fpT�X
lVxgX��?`ahmb�o
otfgdqfpX0W]X0j<f�¤]`eoYfpTVX­�Pdmu�f!fgT�d4f!fgTVX­xgX�caX��4dqj<f!lChLop` fg`ihLjR�4dmxp`edq�VcaX0o!dmxpX�xgX�ced4fg`i�LX�fgh«d´cihnu�dmc~�mxghmb�j r
�8x�dqWYX ³ `aj�op` r X!hm�k�kTV`au�TÄfgTVX��LX�TV`eu�caX!T�dmo�fph­�CX!fgdm�mX0jÄogd4�8X0cis��8xghmW�fgTVX���s?`ajV�­u�hLj r `ifp`ahmjÄfgh�fpTVX
fghmb�u�T r h4�kj�dmj r fpTVX0jKxghmcaca`ijV�]hmjKfgTVX��mxghmbVj r ª
SITVX
lVxghm�VcaX�W W!d.s��CX
u�hmj�op` r X�xgX r dLokfpT�X�X�v?fgxpX0W]X]u�dLotX�hm�Ad!jVX0X r hm�¥l�X0xt�8X(u�f+l�d4fpTEfpx�dmu��?`ajV�

`aj�d]�LxphLbVj r xgX�ced4fg`i�LX~�8x�dqWYX ³ �8hmxI�kTV`eu�T�d��?`eot`ahmjKotX0j�othLx� 2dqjKdq`axp�ChmxgjVX+u0dqWYX�x�dL¤¥W!d.s!��X[xgX��Ldmx r X r
dLoYd´opX�j�othLx
�k`ifpT d r X ><b�d4fgXKu�T�dqx�dmu�fgX�xg`aotfp`eu�o ³ fpT�d4f!W!d.s«��X�b�opX��8b�cI�8hmxYfpT�XKl�xpX(u�`eotX�lChLop` fg`ihLjV`ij��
xgX�ced4fg`i�LX�casYfph]fpT�X��mxghmbVj r ª
| jKfpX0xpW!oIhm�Ou�hmj<fpxghmc¨otfpx�d4fpX0�msYf{�'hYX�v?fpxgX�WYX[hmlnfg`ihLj�okdqxgX�d.�4dq`acadm�VciX��

� d­¬�xgotfYophmcabnfg`ihLj ³ xgX��8X�xgxgX r dLo�fgTVX�l�h<ot`ifp`ahmjV�§��dLotX r �?`aopb�dmcIopX�xg�mhL`ij��­hmxYxgX0u�hLj�otfpxgb�u�fg`ihLj dqln�
lVxghLdmu�T ³ u�hLj�ot`eotfgo
`ij�u�hLj�ot` r X0xp`ajV��fpTVX�`aWYdm�mX�hmbnfglVbnf�dmo+z{b�otf�dqjVhmfpTVX0x]opX�j�othLx]opl�X(u�`i¬�u�dmcicas
b�opX r fphÄTVX�cal �8hmx]fpTVX�cedqj r `ijV�ÄlVT�dmopX�`aj hLx r X�x]fph´�mX�f!d´�CX�fpfpX�x!X(o{fg`iW!dqfpXKhq��fgTVX��mX0TV`au�ciX
l�h<ot`ifp`ahmj ³ dmoku�hmWYl�dqxgX r fph!dYlVxgX�fgX�j r X r cedqj r `ij��]l�d4fpT��

� d+opX0u�hmj r othLcibVfp`ahmj ³ oph�u0dqcaciX r `aWYdm�mX��§��dLotX r �?`aopb�dmc?opX�xg�mhL`ij���dqlVl�xph<dmu�T ³ u�hLj�ot`eotfgo�`ij]ot�k`ifgu�T�`ijV�
�8xphLW
fpT�X���`i�LTLf�u�hLj<fpxghmcyopu�T�X�WYX�fgh�d�cedqj r `ijV��ogu�TVX�WYXY�kTVX�xgX
fpTVXY�mX0TV`eu�caX
WYhqfg`ihLj�`eo�hmjVcas
xpX��8X�xgX�j�u�X r fph]fpT�X�`iW!dq�LX�dmoku�hLWYl�dqxgX r fph�d]xpX��8X�xgX�j�u�X[`iW!dq�LX�fgh!��X[fgxgdLu��mX r ª

SIT�Xkl�h<ot`ifp`ahmjn�®��dLotX r �?`eotb�dmcVotX0xp�Lhm`ajV�[dqlVlVxghLdLu�T
`eo¥d�WYhmxgX~u�hLj�otX0xp�4dqfp`a�mXIothLcibnfg`ihLj ³ lVxghm��dq�Vcas�X0dLot`aX�x
fgh�`aWYlVcaX�WYX�j<f��+fpT�X���`i�LTLf�u�hLj<fpxghmcyopu�T�X�WYX
`eo[dqcaWYhLotf�bVj�u�T�dqjV�LX r dmj r X�v?fpX0j r X r fphKfpT�X
cedqj r `ijV�
l�T�dmopX ³ hLjVcas�op�k` f�u�TV`ij��Yfph�dqj�`aW!dq�mX[X0jVT�dqj�u�X r X(o{fg`iW!d4fg`ihLj�hq�OfpTVX�l�h<ot`ifp`ahmj£ª C+j�fpTVX�hmfpTVX0x~T�dqj r
fgTVX�xgX0u�hmj�otfpxgb�u�fp`ahmjÄxpX0ci`aX0o�hmj«dE�mh?h r u�dqca`a�Vxgdqfp`ahmjÄhq�kfgTVX�u0dqWYX�x�d�dqj r fpTVX�X��:X0u�f
hq�kfgTVX�`aW!dq�LX
j�hm`eotX[hmxI`aj�dmu0u�bVx�dmu�s!W�b�otf~�CX�otX(u�bVxgX r ª
^?hLWYX�l�dqlCX�x�o~dqcaxgX0d r sYfphmb�u�TVX r fpT�X�lVxghm�VcaX�Wµhm���?`eot`ahmj���dLotX r ��`i�LTLf�u�hmj<fpxghmc ³ ca`i�LX�� u�T�dqf ��!#"±hmx

� �?`iWYW!�L�#"§ªySITVX�¬�xgotf�l�dqlCX�xAl�xpX(otX0jLf�oAd�l�h<otX~xgX0u�hmj�otfpxgb�u�fp`ahmjYfpX(u�TVjV`@><bVXkfph
��X�b�opX r dLo�d�l�`icahqfIdq` r
r bVxp`ajV�]cadmj r `ajV� ³ �k`ifpTKjVh!dqbVfphmW!dqfp`eu+u�hmj<fpxghmc§ª�SIT�X[opX0u�hmj r hmjVX[`eoIWYhmxgX+xgX0u�X�j<fIdmj r lVxpX(otX0j<fgo�fpTVX
op`aW�bVced4fg`ihLj�xgX0opbVcifgoIhq�Od]xpX(u�hmj�o{fgxpb�u�fp`ahmjKu�hmj<fgxphLc£opu�TVX0WYX+�8hLxk`ijV�$��`a�mT<fkxgX��8bVX0ci`ajV��ª

SITVX
`iW!dm�mX��®��dLotX r �?`eotb�dqc�opX�xg�mhL`ij��YdmlVlVxghLdLu�TK`eo~WYhLxpX�dmW��V`ifp`ahmb�o�dqj r d�u�dmbnfp`ahmb�o+dqj�dmcisnop`ao~`ao
xgX ><bV`axgX r ��X��8hmxgXk` fAW!d.s
��XIfgX0otfpX r `aj!xgX0dqc%��`i�LTLfAu�hmj r ` fg`ihLj�o�ª�|®fAW
b�o{f���Xk�LX�xg` ¬�X r fpT�dqf¥fpTVX~u�hmj<fpxghmc
`aj­fgTVX]`iW!dq�LX r h?X(o�jVhmf�X�vVu�`ifpX
fpTVX]bVj�otfgdm�VciX
hmx�W!dqxg�m`aj�dqcacis�otfgdq��ciX r s?j�dqWY`eu�o+hq�¥fgTVX]�mX�T�`au�ciXLª�|®f
`eoYTVh4�'X��LX�xYd�ophmcabnfp`ahmj fpT�d4f!`aoYj�hqf�oth r X0l�X0j r X�j<f�hLj fgTVX�u�dqWYX0xgd´u�dmci`a�Vx�d4fp`ahmj ³ dmoYcahmjV�ÄdmoYdmj
dLu�u�X�lnf�dq�VcaX�xgX��8X0xpX0j�u�X]`iW!dm�mX]`ao�lVxgh r b�u�X r �8hLx+fgTVXY�?`aopb�dqc�fpx�dmu��?`ajV�&� X0opl'�<�(" ³ � xg`i�)�L�("§ª
| j�u�hLj<fpx�dmotf
�k`ifpTYfgTVX�b�otb�dmc�`aW!dq�mX��§��dmopX r u�hmj<fgxphLcV`ij!xghm�Chqfg`au0o ³ `ij�hmbVx¥l�dqxpfp`eu�bVcedqxAu0dmopXIfpTVX�fgdmxp�LX�fAops?otfpX0W W!d.s
j�hqfy��XkdLopopbVWYX r dmoOd�lVbVxgXI�mX�cahnu�`if{s�`ij<fgX��mx�d4fghmx ³ fpTVXkdm`ix�u�x�d4�©fO`aoOb�j r X�xp� dmu�fgb�d4fgX r dqj r ` f�o r s?j�dqWY`eu�o
dmj r fpTVX�u�hLbVlVca`ij��LoI�CX�f{�'X�X�j�fpT�X�d4vnX0o'W!d.s!jVhqf~�CX[jVX��LciX(u�fgX r dqj r dqxgX�fphY��X[`aj<fpX��LxgdqfpX r `aj<fph]fpTVX
u�hmj<fpxghmcacaX�x r X0op`i�Lj£ª

Á�Á Ë�*,+�-/./-
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SITVX�xpX0l�hLxtf�`eo�otfpxgb�u�fpbVxgX r dLo[�8hmcacih4�~o0ªK| j d�¬�x�o{f�opX0u�fp`ahmj ³ �'X��Vxg`iX ��sEl�xpX(otX0jLf�fpTVX r s<j�dqWY`au
WYh r X0cyhq�AfgTVX!dq`axgu�xgdq�©f ³ �kTV`eu�T´�k`icac¥�CX]b�otX r �8hLx[fpTVX!u�hLj<fpxghmcaciX0xgo r X0op`a�mj£ªYSITVX!otX(u�hLj r opX0u�fp`ahmj´`ao
r X��mhmfpX r fghYfpTVX�`aW!dq�mX�WYh r X0ci`ajV�!dqj r `aj<fpxgh r b�u�X(o'fpTVX�f{�'h r ` �CX0xpX0jLf~�?`eotb�dqc£opX�xg�mhm`ajV�YdqlVl�xph<dmu�TVX(o
�kT�`au�T��k`icac¨��X r X�fgdm`icaX r `ij�fpTVX�fgTV`ix r dqj r �8hmbVxpfpTKotX(u�fp`ahmj�o�xgX0oplCX0u�fg`i�LX�casmª���`ij�dqcacisYfgTVX�¬V�©fpT�otX(u�fg`ihLj
l�xpX(otX0jLf�o
op`aW�bVced4fg`ihLj«xpX(otb�c f�o��kTV`eu�T dmcicah4� fph r `eopu�b�opo
fgTVXKd r �4dqj<fgdm�mX(o�dqj r r x�d.�k��dmu��no�hm��X0dLu�T
dmlVlVxghLdLu�T£ª

� ��� ���
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� WYhmxgX r X�fgdq`acaX r�r X(opu�xp`alnfg`ihLj�hq�¨fgTVX+�+}��DC�} E G[WYh r X�cCW!d.sY��X��8hmbVj r `ij�fpTVX+fpX(u�TVjV`eu�dqcCxgX�lChmxpf
hm�A�~bVj�h���hLotfgd � u�hLo � �("®ª���h<o{f�hm�yfpTVX
jVhqfg`ihLj�o+lVxpX(otX0j<fpX r T�X�xgX0d4�©fgX�x+WYd.sK�CX��8hmb�j r `aj­fpT�X��V`a�Vca` �
hL�mx�dqlVT?sYhmj���ci`a�mT<f+��X(u�T�dqj�`au0o ³ j�dmW]X0cis�`ijKfpT�X[�8hmcacih4�k`ajV�]xpX��8X�xgX�j�u�X0o��O^<fgX��LX�j�o � o{fgX��<�(" ³ ��dmu0¢£X0dmj
� W!u�c �m�#"�hmx~��u(��hLxpWY`eu�� � WYu0u ���("§ª

��� � !#"�$�%'&)(*$�+-,/.10�23$�234 05+-(
SIT�X+fgxgdqz{X0u�fphmxgs!hq��fpTVX�dm`ix�u�x�d4�©fkdqj r fgTVX�u�h?hmx r `aj�d4fgX0o�hq��fpTVX[cedqj r `ijV�]¬�X0c r X0ciX0W]X0j<fgokdqxgX��m`a�mX�jK`aj
fgTVXYX0dmxtfgTE�8x�dqWYX� 8hLx��-6
7 ³ �8hmx���hmxpfpTn�86¥dLo{fp�97+h4�kj�¤ ³ �k` fgT�fgTVX!u�X0jLfgX�x��?s­`aj�otfgdqj�u�XYhmj�fpTVXY¬�X�c r
dqvn`ao0ª�SIT�X�cahnu�dmc��8x�dqWYX ³ ca`ajV�mX r fph
fpT�X[dm`ix�u�x�d4�©f'��h r s­ 2�-:~� ³ dq`ax�u�x�d4�©f��Ch r s�u�X�j<fpX0xpX r ¤ ³ �kTVX0xpX+fpTVX
dm`ix�u�x�d4�©f+�mX�cahnu�`if{s<;>=@? A)BDCEBDF�GIH `eo��L`i�LX�j ³ `eo+u�X�j<fpX0xpX r d4f�` f�o�u�X�j<fpX0x+hm�¥�mx�d.�?` f{sÄ 'C[¤ ³ 2 r `ixgX0u�fpX r
fgh4�'dmx r o~fgTVX!dq`axgu�xgdq�©f+jVh<otX ³ ��fgh4�'dmx r o~fgTVXYxp`a�mT<f[�k`ijV��dqj rKJ fgh r h4�kj£ª
SITVX!dmjV�mbVcedqx��mX0cihnu�` f{s
`eo]dqceoth­X�vnlVxpX(opopX r `aj«fgTVX�cahnu�dqcA�8xgdmWYX �MLN=O? PQBDRSBDTUGIH�ª�SITVXKu�T�dqj��mX!�8xghmW fpT�X�X0dmxtfgT¶�8x�dqWYX!fph
fgTVX�cah?u0dqc:�8x�dqWYX[`ao r X�¬�jVX r �<s�fpTVX[fgxgdmj�o{�8hLxpW!dqfp`ahmj�W!dqfpxg` v 6 ³ �kTV`eu�TKW!d.s��CX�otfgd4fgX r `ijKfgX�xgWYoIhm�
fgTVX�6ybVcaX�x~dqj��mcaX0o�? V)B WXB Y
G�H ³ xpX(otlCX0u�fp`a�mX�casYxphLcic ³ lV`ifgu�T�dqj r sLd.�6dqj��mcaX0o ³ fgT�d4fkW!d.sY`ij r `i�?` r b�dqcacas���X
�?`aX��'X r dmokfpTVX�xghqf�d4fg`ihLj�okdqxghmbVj r X(dmu�T�hmj�X�hq��fpTVX�cahnu�dmc£�8x�dqWYX�d4vnX0o0ª��+o�dmj�dmc fgX�xgj�d4fg`i�LX ³ W!dqfpxg` v
^�W!d.s��CX�X�vnlVxgX0ogotX r `ajKfpX�xgW!oIhq��fpTVX�><b�dqfpX0xpjV`ahmj�o�? Z\[]B^Z]_UBDZ\`]B^Z\a�G�H ³ �kTV`eu�T�T�dmo'fgTVX�d r �.dmj<fgdq�LX+hm�
xgX0opbVcifp`ajV�Y`ij�dYu�hLj<fp`aj<b�hmb�o'xgX�lVxgX0opX�j<fgdqfp`ahmj��k` fgT�dmci�LX��Vx�dq`eu+xpX0cadqfp`ahmj�o0ª

���b� !dcD4fe5gh2Kij&)kXg#$�+�4 kl(*$�+-,nmpo#+#$�%>4 kqij0�,-&rc 4D+#e
SIT�XYdqfpWYhLoplVTVX0xp`eu���`a�mT<f�`ao[�LX�jVX0xgdmcicas r X r b�u�X r �8xghmW�fpTVX!dql�lVci`eu�dqfp`ahmj´hq�k�~X0�Ifphmj	& o�opX0u�hmj r cad.� ³
u�hmj�op` r X�xg`ij��EfgTVX�WYhqfp`ahmjRhq�+fpTVX­dm`ix�u�x�d4�©fY`aj fgTVX�X0dmxtfgT �8x�dqWYX ³ dmogopbVWYX r dmoYdqjR`ij�X�xpfp`edqcI�8x�dqWYX ³
b�j r X�x�fpT�X+`aj)��bVX0j�u�X�hq�±�8hmx�u�X0o'dqj r fphLx%><bVX(o r b�X~fph]�mx�d.�?` f{stsbu�v�BDw�x ³ dqX0xph r s?j�dmW]`eu�o-sbuzy�B^{|y}xydqj r
l�xphLlVbVceot`ahmj~sbur�SB�{���x �

� s���;�x
�}� ���)� =�u�v��Ku�y��KuQ�  f�(¤

� sb�SL�x
��� ���r� =�{ y ��{ �  2�m¤

�kTVX0xpX-;¦`ao¥fpTVX~�LX�cahnu�`if{s�hq�:fpT�X�dq`axgu�xgdq�©fAu�X0jLfgX�x¥hm�C�Lxgd.�?`if{s� 'C[¤¥dqj r L `ao¥fpTVX+dqjV�LbVcadmxy�mX0cihnu�`if{s ³
�
`eoIfgTVX�dq`axgu�xgdq�©f'W!dLopokdmj r ��` f�ok`ij�X�xpfp`edqc¨W!d4fgxp`iv¨ª
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SITVX�u�T�dqjV�LX��8xghmWµX(dqxpfpT��8xgdmWYX[fphYcihnu0dqc:�8x�dqWYX[`ij<fpxgh r b�u�X0o'fpT�X
��hmxg`ihLci`eoIdmu�u�X�caX�x�d4fg`ihLj �
�
���}���r� = �

��������� ��L��   �L¤
|®�+fpTVX�W!dmogoYdqj r `ijVX0xtfg`admcIWYdqfpxg` v dmxpX�dmogopbVWYX r dLoYu�hmj�o{f�dqj<fK PhmxY�4dqxgs¶�mX�xgs¶otcah4�kcasn¤
dqj r `i�

dmcic�fpT�X��4dqxg`edq�VcaX0o]dqxgX�xgX�lVxgX0opX�j<fpX r `aj«fpT�X�cahnu�dqc��8x�dqWYX ³ hLjVX�¬�j�dqcacisÄhL�nfgdm`ij�o�fpT�X�f{�'h­�8hLcicah4�k`ij��
r ` �:X�xgX�j<fp`edqc¨X�><b�d4fg`ihLj�o �

� ;
��� =	�-L
��;q� �

� s u)v��Ku�y��KuQ��x  8Z<¤

� L
�}� =�����
 _ L��t�3L �|��
 _ s9{|y��K{���x  b�m¤

| jYhmx r X0x±fgh�l�xphnu�X0X r �k` fgT
fgTVXkdqj�dmcisnop`ao ³ `if¥`aoOjVX(u�X(opogdqxgs�fph[X0otfgdm�Vci`eopT�fpT�Xkci`ajV���CX�f{�'X�X0j]dmlVlVca`iX r
�8hLxgu�X0o'hmxIfghmx"><bVX0okdmj r fgTVX�lVxghm�VcaX�W �.dmxp`edq��ciX(o�ª

��������� � �.�����©� ¹
SIT�X!�mx�d.�<`if{s­dmu0u�X0ciX0xgdqfp`ahmjE`eo�X�v?l�xpX(opopX r `ijÄfgTVX!X0dmxtfgTE�8x�dqWYX��@=n? wXBDwXB��}GIHyª�SITVX!�mx�d.�?` f{s��8hLxgu�X
 P��X0`i�LT<f�¤ u)v�hmjVcas r X0l�X0j r o�hLjEfgTVXYfpx�dqj�o{�8hLxpW!d4fg`ihLjEW!d4fgxp`iv 6 �ru�vM= ����� ³ dmj r fpTVX0xpX��8hmxgX
hLj
fgTVX!dqjV�LbVcedqx[l�h<ot`ifp`ahmj´hq��fpTVX�dm`ix�u�x�d4�©f(ª
SITVX�u�`ij�X�W!d4fg`au]xgX�ced4fp`ahmj���X�f{��X0X�j�fpTV`eo�dmjV�mbVcedqx�lChLop` fg`ihLj
dmj r ` f�o r X�xg`a�.dqfp`a�mX(o��L`i�LX0okdmjVhqfgTVX�x r ` �CX0xpX0j<fp`edqc¨X ><b�dqfp`ahmj �

� �
�}� =��-L����  P�L¤

�kTV`eu�T�W!d.s���X�X�vnlVxpX(opopX r `ijKfgX�xgWYoIhm�z6¥bVciX0x~dqjV�LciX(oIhmx ><b�d4fgX�xgjV`ahmj�o0ª

��������� � ¸ � ¼ ½ ¹�� � � �8�m��� � ½"![� ¼$# ��L8�%� ¼$�
SIT�Xy�8hmx�u�X(o£dqj r fghmx"><bVX0o r bVXyfph+dqX�xgh r s?j�dqWY`eu�o¨dmj r lVxghmlVbVceop`ihLj r X0l�X0j r WYhLotfpcas�hmj�fpTVX'dq`ax£�mX0cihnu�` f{s
; y ³ xgX�ced4fp`a�mX��mX�cahnu�`if{sYhq�£fgTVX�dm`ix�u�x�d4�©f�`ij�fpTVX[dq`ax ³ hL�nfgdm`ijVX r �8xghmW$fpTVX r ` �CX0xpX0j�u�X��CX�f{�'X�X�jKdq��ophmcabnfgX
�LX�cahnu�`if{sM; dqj r �k`ij r �LX�cahnu�`if{s ;'& �

; y�=1;(�*; &  'Gq¤
SITVX�dq`ax��mX0cihnu�`if{s«`eo�hm�©fpX�j�X�v?l�xpX(opopX r `aj6otlVT�X�xg`au0dqc~u�h?hLx r `aj�dqfpX0o ³ `ij<fpxgh r b�u�`ijV�ÄfgTVXEdm`ix�otlCX�X r

; H =*)�;Ey�)] PS�xpbVX
�~`ax�^?lCX�X r �®S��+^�¤ ³ dmj r fpT�X�f{��h�dmX�xgh r s?j�dqWY`eu�dqjV�LciX(o ³ fgTVX�dmjV�mcaX�hq�yd4fpfgdLu��,+
`ajKfpTVX��LX�xpfp`eu�dmcCl�cadmjVX�dqj r fpT�X�ot` r X�otca`al�dmjV�mcaX.-´`ajKfpTVX�T�hmxg`i²0hmj<fgdmcCl�cadmjVXmª
SITVX+`ij,��bVX�j�u�X�hm�:fpTVX�dq`axA�mX0cihnu�` f{s]hmjYfgTVX+dm`ix�u�x�d4�©f¥WYhqfg`ihLj�`eo¥jVhLj�ci`ajVX(dqxAdmj r dqceoph r X�lCX�j r oAhLj

fgTVX[fp`aWYX r X�xg`a�.dqfp`a�mX(o'dmj r dqjV�LbVcedqxIxgdqfpX(o�ª
SITVXA�8hmx�u�X(o r bVXAfph+dmX�xgh r s?j�dqWY`eu�oC¬�j�dmcicas r X�lCX�j r hmj[fgTVXA`ajVlVbnf��4dqxg`adm�VciX(o¨fgT�d4f�dmcicah4�´fph�u�hmj<fpxghmc

fgTVX[otsnotfpX�W
 8fpTVX[dq`axgu�xgdq�©f�¤�ª���hmx¥fgTVX[dqX�xgh r s?j�dqWY`euI�8hmx�u�X(o ³ `aj!fpTVX[u�dLotX+hq�±d
u�hmj?�LX�j<fp`ahmj�dmc�dq`ax�u�x�d4�©f ³
fgTVX!`ajVlVbnf�o�dqxgX ��fpT�X�dqjV�LbVcadmx r X���X(u�fg`ihLj�hm��fgTVX�dq`aciX0xphLj�o0/ y ³ fpTVX r X ��X0u�fp`ahmjÄhq��fpTVX!X0ciX0�4d4fphLxgo0/%1
dmj r fpTVX�xgb rVr X0x r X���X0u�fg`ihLj2/434ª
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u�y�= u�y�s ; H B +5B -
BbPrBDRSB T B / y�B / 1 B / 3 x   !L¤
�kTVX0xpX u `ao'fgTVX��mX(u�fghmxkxgX�lVxgX0opX�j<fp`ajV�
fpTVX��8hLxgu�X[dmj r fphLx%><bVX r bVX[fgh�dqX�xgh r s?j�dqWY`eu�o0ª

��hmx�fpTVX]lVxghmlVb�caop`ihLj ³ dmo[d!¬�xgotf[dmlVlVxghLdLu�T ³ fgTVX
fpTVxgb�otf[l�xph r b�u�X r �?s�fgTVXYlVxphLl�X0cicaX�x ³ dmogotb�W]X r
dLokdqca`i�LjVX r �k`ifpTKfpTVX�dm`ix�u�x�d4�©fIcahmjV�L` fgb r `aj�dqc£dqv?`eo ³ `ao'f�dq�mX0jKdLo'fpTVX�u�hmj<fpxghmc:`ajVlVbnf ³ �L`i�?`ajV��fgT?b�o �

u ��= u �3s ; H B +hB�-
B PQBDRSBDT B�� x   �L¤
SITVX��8hmxgW dqj r �.dmcib�X0okhm�O�ChqfgT��mX0jVX�x�dqca`i²0X r �8hmx�u�X(o u�y
dmj r u �]dmxpX[hL�nfgdm`ijVX r X�vnlCX�xg`iWYX�j<f�dqcacis

hLx'�8xphLW X�WYlV`axg`au0dqc¨ced.�~o�ª

��������� � �(�n� ¸��	� ���n� � ¼$� �
|®�'fpT�X!X�vnlVxgX0ogot`ahmj�o+hq�'�8hmx�u�X(o�dqj r dql�lVci`aX r fphLx%><bVX(o�dqxgXY`ij<fpxgh r b�u�X r¨³ fgTVxgX�X r ` �CX0xpX0jLfg`admc¥�mX(u�fghmxg`admc
X�><b�d4fg`ihLj�o'xpX(otbVcif ³ xpX0lVxpX(otX0j<fp`ajV��fgTVX�X ><b�dqfp`ahmj�o'hm��fgTVX�otsnotfpX0W r s?j�dqWY`eu�o �
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 _ s { y � { � x
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  �0�L¤

�kTV`eu�T�W!d.s���X�l�bnf~`ij�dYops<j<fgTVX�fg`au+�8hmxgW dLo'fpTVX[�8hLcicah4�k`ij��YotfgdqfpX�opl�dmu�X r s<j�dqWY`au�X�>Lb�d4fp`ahmj��

��n=���s�� B���B���x   � �(¤
�kTVX0xpX��

� ��n= � ���� `eoIfpT�X�u�hmj�u�`eotX[jVhmfgd4fg`ihLj��8hLxIfpTVX[fg`iWYX r X0xp`a�4d4fg`i�LX
� fpTVX!otfgdqfpX]WYd.s��CX]X�vnlVxgX0ogotX r `ij�fpX0xpW!o�hq�AfpTVXd6ybVcaX�x�dmjV�mcaX0o!� H�=@? A)BDCEBDF�BbPrBDRSB T B�V)B W�BDY
G
hmxk�k`ifpTKfpT�X�>Lb�d4fpX0xpj�`ihLj�o"� H = ? A�B C B F�B PQBDRSBDT BDZ [ B^Z _ BDZ ` B^Z a G

� fpTVX�`ajVlVbVf��mX(u�fphLxI`ao#��H ='? / y B /%1\B / 3 B��#G

� fpTVX r `aotfpb�xp��dmj�u�Xy�LX0u�fphmx¨`eo£b�otb�dmcicas�xgX�l�xpX(otX0jLfg`ij���fgTVXy�k`aj r �mX0cihnu�`if{s ³ �k`ifpT�`ifgo£op` v�u�hLWYl�hLjVX�j<fgo� H~= ? A & B C & B F & BbP & B^R & B T & G
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SIT�X��k`aj r �LX�cahnu�`if{s��LX0u�fphmx�W!d.s[��XkoplVci`ifO`ij<fph[d+W]X(dqj
�.dmcib�X ³ u�hLj�op` r X0xpX r dmo�u�hLj�otfgdqj<fydqj r TVhmxg`a²�hmjV�
f�dqc ³ �k` fgT�u�h?hmx r `aj�d4fgX0o�;'&*= ? F��lB F 1\B^w G�H­`aj�fpT�X�X0dmxtfgT!�8x�dqWYX ³ dqj r d�u�hmWYl�hLjVX�j<f'hq�±d4fgWYhLoplVTVX�xg`eu
fgbVxg�VbVcaX�j�u�X� 8hLx��mb�o{f�¤#; v = ? A v BDC v BDF v G�H«dmj r L v =>? P v B^R v B T v GIH ³ X�v?l�xpX(opopX r `aj�fpTVX
cihnu�dmc¨�8x�dqWYX ³
�kT�`au�T�WYd.s!�CX�lVxgh r b�u�X r `ajKop`aW�bVced4fg`ihLj�dmu0u�hLx r `ajV��fph!d 7+xgs r X�j�WYh r X0c ³ �8xghmW fgTVxgX�X��kTV` fgX�jVhm`eopX
u�hmWYlChmjVX0jLf�o	��= ? ��
 B���
}B�� & G�H�ª

��hmxkot`aW�b�cadqfp`ahmj�lVb�xplChLopX0o ³ fpTVX��mb�otfko{f�d4fpX(o'WYd.sY�CX[`ij�u�cib r X r `ij<fph
fpT�X[otfgdqfpX+X ><b�d4fg`ihLj�fgh
�L`i�LX
d]�LcihL��dqc¨ops?otfpX0W dLo'fpTVX[hmj�X�ot`aW�bVced4fgX r `ijKfgTVX���d4fgcadm���8b�j�u�fg`ihLjKj�dqWYX r 
-!���� �?�]ª
��h4��X0�mX�x ³ ` f�`ao�hq�©fgX�j��CX�fpfpX�x�fph+�mX0X�l�fgTVXAWYh r X�ca`ajV��hm�nfpTVX r `aotfpb�xp��dmj�u�X(o±dLo£lVxgX��?`ahmb�opcis ³ �k` fgTVhmbnf

�8b�xtfgTVX�x r X�fgdm`ic§ª

��������� ! ¼ � �©�%� ¼ �
SIT�X+otfgd4fgX�X�>Lb�d4fp`ahmj� 8X >Cª�� �.¤¥opTVh4�~oyfgT�d4f'fpT�X+dq`ax�u�x�d4�©fAWYhqfg`ihLj�hLjVcis r X0l�X0j r o'hmj�`ifgo'�LX�cah?u�` f{sYdqj r
dqftfg` fgb r X� Pdqj��mbVcedqx+l�h<ot`ifp`ahmj�¤+dqj r fpT�X
lChLop` fg`ihLj�� hm�¥fpTVXYdq`ax�u�x�d4�©f+umª ��ª�`aj­fgTVX]X0dqxpfpT­�8xgdmW]X r h?X0o
j�hqfAdql�l�X(dqx(ª±|®�:fpTV`eoyhLjVXk`aoyfph��CX~WYhmjV`ifphLxpX r¨³ hmx�u�hmj<fgxphLcicaX r¨³ `ifA`eoyjVX(u�X0ogogdqxgs[fph�`ajLfgxph r b�u�XklChLop` fg`ihLj
otfgdqfpX(o ³ dLoI`ij<fpX0�mx�d4fghmx�oAhm��fgTVX�dq`axgu�xgdq�©f'�LX�cahnu�`if{sM; ³ u�hmj�op` r X�xgX r `ij�fpTVX�X(dqxpfpT��8xgdmWYX �

�� =
� 
 _ ;   �(�m¤
dmj r fpTVX[fgTVxpX0X�u�h?hmx r `aj�d4fgX0o'hq���¡W
b�o{f~�CX�d r�r X r fphYfgTVX�lVxgX��?`ihLb�oIo{f�d4fgX��LX0u�fphmx(ª
����h4�LX�X ><b�d4fg`ihLj�okdqxgX[b�opX r ��hmfpT��8hmxIfgTVX�op`iW
bVcadqfp`ahmj�hq��fpT�X�dq`axgu�xgdq�©fIWYhmfp`ahmj�dqj r �8hmx~u�hmj<fpxghmc

r X0op`i�Lj£ª

����� � 4 +-&Q$z"X4��l&r, ij0�,-&rc (
SIT�X­X ><b�dqfp`ahmj�o!j�hmjn�®ci`ajVX(dqxg` f{s ³ fgTVX�`ax�u�hmWYlVcaX�vn`if{sRdmj r d«u�X0xtf�dq`aj�ciX0�mX�c+hq��dql�lVxph.vn`aW!d4fp`ahmjRT�d.�LX
z{b�o{fg` ¬�X r fpTVX�opX0dmxgu�T��8hmx+ot`aWYlVci`i¬�X r �mX�x�op`ihLj�oIdqj r¨³ dmo~d]¬�x�otf�o{fgX�l ³ `if�`eo~u�hLWYW]hLjKfph!ca`ijVX(dqxg`i²0X[fpTVX
X�><b�d4fg`ihLj�ok�8hLx�opW!dqcac�lCX�xpfpbVxg��dqfp`ahmj�o+dqxghmbVj r dmj­X ><bV`aca`i�Vxg`abVW ��`i�LT<f0ª[SITV`ao+X ><bV`aca`i�Vxg`abVW  8hmx+fpxg`aW!¤
��`i�LTLfk`eoI�8xgX ><bVX�j<fgcis!f�dq�LX�j�dmokd]TVhmxg`a²�hmj<f�dqc¨o{fgxgdm`i�LT<f'caX��LX�caX r ��`i�LT<f ³ �k`ifpT�jVhY�k`aj r ª
¯�j r X�x�fpTVX(otX�u�hmj r ` fg`ihLj�o ³ fpTVX!X�><b�d4fg`ihLj�o�dqxgX!�kxp`iftfgX�j¶dmo��8b�j�u�fg`ihLj�o�hm��fgTVX!l�X0xtfgbVxg��d4fg`ihLj�o�`aj

fgTVX�otfgdqfpX��mX0u�fphLx�� ³ `aj«fgTVX�`ajVlVbnf]�mX(u�fphLx A hmx�`aj¶fgTVX r `aotfpbVxg��dmj�u�X��LX0u�fphmx ��³ xgX0opbVcifp`ajV�E`aj¶f{�'h
r ` �:X�xgX�j<fp`edqc¨W!dqfpxg`au�`admc¨X ><b�d4fg`ihLj�o��
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r X(opu�xp`a�V`ajV�]fpTVX r s<j�dqWY`au0oIhq��f{��hY`aj r X�lCX�j r X�j<f
  r X0u�hmbVlVcaX r ¤'W]hmfp`ahmj�o��

� fpTVX�WYhmfp`ahmj�`ij�fpT�X��mX�xpfp`eu�dmc¨lVcedqjVX ³ j�dqWYX r cahmjV�L` fgb r `aj�dqc ³ dqj r

� fpTVX�ophq� u�dmcicaX r cadqfpX0xgdmc¨hmxIcadqfpX0xgdmc'& r `ixgX0u�fp`ahmj�dmc�WYhmfp`ahmj ³ WYh<o{fgcis�`ajKfpTVX�T�hmxg`i²0hmj<fgdmcCl�cadmjVX

Á�Á Ë�*,+�-/./-



! � �#0'�1�9!���� ���8$-.��
	34#.�<���� ��
���,�� $������
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�kTVX0xpX�fgTVX[`ij r X�vMC�`eokdmogoph?u�`adqfpX r �k` fgTKfpTVX�cahmjV�L` fgb r `aj�dqc:WYhqfg`ihLj´ P�mX0xtfg`au0dqc©¤ ³ dqj r fpT�X�`ij r X�v�

`eokdmogoph?u�`adqfpX r �k`ifpTKfpTVX�ced4fgX�x�dqc¨WYhqfg`ihLj´ PTVhmxg`a²�hmj<f�dqc©¤�ª
SITVXYca`ij�X0dqx[WYh r X�ceo r X0ogu�xg`a��X r �?s­X >Cª �0Z ³ hL�<�?`ahmb�opcas r X�lCX�j r hmj�fpTVX
fpxg`aW�l�hL`ij<f�u�TVh<otX0j��8hmx

fgTVX�ca`ijVX(dqxg`i²(d4fg`ihLj ³ j�dqWYX�cas!fgTVX�sKdqxgX��8bVj�u�fp`ahmj�okhq��fpTVX�dm`ix�opl�X0X r ;
�[dmj r fgTVX�dqcifp`ifpb r X�

�qª
SITVX��.dmci` r `if{s
hm�:fpTVX(otX+ci`ajVX0dmx¥WYh r X�ceo¥`eo¥hL�<�?`ahmb�opcas�ci`aWY` fgX r fgh�d�opbVxgxphLbVj r `ajV��dqxghmbVj r fgTVX~fgxp`aW

lChm`aj<f ³ j�dmW]X0cisK�?sKfpTVX]ci`ajVX(dqxg`i²(d4fp`ahmj�hm�yfpTVXYdqjV�LciX(o ³ �kTV`eu�TEu�dmjVjVhmf�X�vVu�X0X r dmjEdq��othLcibnfgX��4dqcabVX�hm�
ogd.s �L� r X��LxpX0X0o ³ dmj r �?s�fgTVX��4dqca` r ` f{sKhq�OfgTVX
dmX�xgh r s<j�dqWY`au[ced.�~o ³ �kTV`eu�T­o{f�d4fgX�fpT�dqf�fgTVX
dm`ix�otlCX�X r
W
b�otf~��X��LxpX(d4fpX0x'fpT�dmj�fgTVX�otfgdmcic±dm`ix�opl�X0X r dqj r cah4��X0x�fgT�dqjKfgTVX�W!d4vn`iW
bVW dm`ix�opl�X0X r ª¥SITVX�`ajVlVbVfgo
dmxpX'dqceoth�ci`aWY` fgX r¨³ �ChqfgT��8hLx±fgTVXIotbVxp�Pdmu�X r X ��X0u�fp`ahmj�o�dqj r �8hmx�fpT�X�fgTVxgb�o{fOlVxgh r b�u�X r �?s[fpTVX'lVxghmlCX�caciX0x0ª
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| jÄfgTVX r X�fpX0xpWY`ajV`eo{fg`au�u0dmopX ³ �k` fgT«jVh r `aotfpbVxg��dmj�u�X ³ fgTVX�otfgdqfpX��LX0u�fghmx�hm�IfpTVX�ci`ajVX0dmx�cahmjV�L` fgb r `aj�dqc
WYhmfp`ahmj!`eo � �EH
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X�v?fpx�d
otfgdqfpXmª

��������� K¡¼ ½ ¸ L ¼ �I� ��¸������ �	�
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caX��LX�c¥ P²�X�xgh!dqcifp`ifpb r X(¤Idqj r `eokX�vnlVxgX0ogopX r `aj­^?|'bVjV`ifgo ����� �A �F �R �W

� ��� =
���� �#w�
 �
� � w�
 ����� w ����
 � �
� � 
 � � � � � 
 � � � � 
 � w

w � � 
���� ����
���� w
w w � w

� ��� ���� A
F
R
W

� ��� �
���� w w�
 w����

w w
� � ��
�� w

w w

� ��� � / 1
/ H �

SITVX�ced4fgX�x�dqc:WYh r X�c¨�8hLx~d
fpxg`iW dq`axgopl�X0X r hq���8G?ª �]W &4oI`eo ����� �C �P �T �V

����� =
���� �#w�
 � ��� w � � � 
 � ��
 � �
����
 �}w�� � � �!
 ��� ��
 ���"� w
w�
 � � � � � 
 � � �#w�
 ��� � w

w � w w

����� ���� C
P
T
V

����� �
���� w w
�]w�
 ��� w

w � � ��
 � �
w w

����� � / y
/ 3 �

SITVX�jVhLW]`aj�dmc:otfgdmcic¨opl�X0X r `ao'jVX(dqx��(�Vª Z�W &qo�ªy�~j�dq`ax�otlCX�X r W!dqxg�m`aj�hq���m��fgh �L�$# `eo'jVhmxgW!dqcacis
j�X�X r X r dq�Ch4�mX�fpTVX�otfgdmcic£oplCX�X r ª

SITVX�dql�lVxph.vn`aW!d4fpX r s?j�dqWY`eu�WYh r X�cIhm�~fpTVX���}+�DC�}IE G­¯+�±° T�dmo]�CX�X0j r X�¬�jVX r `ij hmx r X�x
fghÄX�j�dm�VciX�d´xpX(dqca`aotfp`euKot`aW�bVced4fg`ihLj ³ dmj r fgT?b�o!dqcacih4�k`ajV��fph´fpX(o{f�u�hmj<fpxghmcIothLcibVfp`ahmj�o!dmj r X0�.dmcib�d4fpX
otfpx�d4fgX��L`iX(oA�8hLxIfpTVX r X0op`ixgX r dqbnfghmjVhLWYhmb�o'hmx~opX�WY`i�®dmbnfphLjVhmWYhLb�oAhLl�X0xgdqfp`ahmj£ª

���&% !dcD4fe5gh2Kk 05+h23"�05cDcf&Q"
��hmxyfgTVX
��`a�mT<fAu�hmj<fpxghmc�ogu�TVX0W]Xkhm��fgTVX�¯+�±° ��}��DC�}RlVxghqz{X(u�f� �� �Vxg` �m�#" ³ � `ed.�%��!("©¤ ³ d[xghm��b�o{fAu�hmj<fpxghmc
dmlVlVxghLdLu�T�`ao~��X0`ijV�!dmj�dqcas?²�X r ª
�+o�`eo�b�otb�dmcA`aj dq`ax�u�x�d4�©f
u�hmj<fpxghmc ³ fgTVX r X0op`i�Lj¶hq�kfpT�X�u�hLj<fpxghmcaciX0xgo[`eo���dmopX r hmj«fpTVX�ci`ajVX0dmxp`a²�X r

r X0u�hLbVlVcaX r´r s?j�dqWY`eu]W]h r X0cao ³ xgX0opbVcifp`ajV��`ij�f{��h�u�hmWYlVcaX�WYX�j<fgdmxps­u�hmj<fpxghmcacaX�x�o ³ hmj�X
�8hLx�fpTVX!cahmjV�L` �
fgb r `aj�dqc�WYhqfg`ihLjEdqj r hmjVX��8hLx�fgTVX�ced4fgX�x�dqc ³ �ChqfgT­�CX�`ajV��`ajEd�¬�xgotf+otfpX0l­ci`ajVX(dqx[dqj r fg`iWYX
`ij?�4dqxg`admj<f
 2¢nSI|t¤�ª

����� ��� � ¼ ��� �©����½ � � �=Lk�=�£� ¼Vº # �9L ¼ �
SIT�X�cahmjV�L` fgb r `aj�dqc:u�hLjLfgxphLcicaX�x'd r hLlnfpX r TVX0xpX+xpX(otbVcifpX r �8xghmW d�xgX��LbVcadqfphLx r X(ot`a�mj�dm`iWYX r d4f'fpx�dmu��?`ajV�
hm��dm`ix�otlCX�X r ; H dqj r dmc fg` fgb r X�
��

'�( ����= � ; H
 �
�?s�fgTVX�b�opX[hq�±fgTVX�X�caX��4dqfphmx r X���X(u�fp`ahmj�dqj��mcaX0/%1�dmj r lVxghmlCX�caciX0x�fgTVxgb�o{f ��ª
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SITVXYfgX0u�TVj�`?><bVXYb�opX r `ao�d��4dmxp`edqj<f[hq�AfgTVX�¢£h?hLl´S�xgdmj�ot�8X�x�}kX0u�h4�mX0xps¶ P¢nSk}+¤ ³ �k`ifpT´f{�'hKX�v?fpx�d
otfgdqfpX(okd rVr X r fgh!X�ca`iWY`aj�d4fgX�o{f�d4fp`eu[X�xgxghmx�o � `ad.�)��!("§ª

����� ��� � �n� ¸ �4�/L�� ¼ � ��� ¼ L L ¸ �
SIT�X�cadqfpX0xgdmcAu�hLjLfgxphLcicaX�x�`eo r X0u�hLWYl�h<otX r `ij<fph�d�TVhmxg`i²0hmj<fgdmc¥cah4�I�§caX��LX�cO�Pdmotf
u�hmj<fpxghmcaciX0x ³ xpX0�mbVced4fg`ij��
fgTVX�op` r X�opci`al�dqj r xghmcac£dqjV�LciX(o �
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dmj r dmj�hmbVfpX�x'cah<hLl�TVhLxp`a²�hLj<fgdqc��mbV` r dmj�u�X�u�hmj<fgxphLcicaX�x ³ xgX��LbVcadqfp`ajV��fgTVX�TVhmxg`i²0hmj<fgdmc�l�dqfpT�X�xgxphLx ³ u�hLW
�
lChLopX r hq�yd r `eo{f�dqj�u�X�X0xpxghmx � dmj r dqj�dqjV�LbVcadmxIX�xgxphLx��(�
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SITVX�ced4fgX�x�dqc:`ajVlVbnf�o~dqxgX�fpTVX�dm`icaX�xghmjKdqj r xgb rVr X0x r X���X(u�fg`ihLjKdmjV�mcaX0o ³ xpX(otlCX0u�fp`a�mX0cis / y dmj r / 3qª
:'hqfgT!cih4�I�®caX��mX0cVdqj r T�hmxg`i²0hmj<fgdmcn�mbV` r dqj�u�X~u�hLj<fpxghmcaciX0xgoydmxpX r X(ot`a�mj�X r b�op`ijV�
d[W]`ivnX r opX�j�op`ifp`a�<`if{s

���6fpX(u�TVjV`@><bVX ³ �8hmcacah4��X r �?s[dIxphL�Vb�otf±xgX r b�u�fp`ahmj ³ xgX0opbVc fg`ij��k`ij�f{�'hI¬V�©fgT�hmx r X�x r `aogu�xgX�fgX¥u�hLjLfgxphLcicaX�x�o0ª
7+bVxg`ijV�]fgTVX ��`i�LT<fIl�T�dmopX ³ fpT�X�ot` r X�� opci`al�`eoIjVhmxgW!dqcacis!W!dm`ij<fgdm`ij�X r dLo'cih4� dLoIl�h<opop`a�VciX ³ `ijKhmx r X�x

fgh!xpX r b�u�X r x�dq�!dqj r T�d.�mX�dY�mh?h r otX0j�op` fg`i�?`if{s�`aj�fpTVX�l�d4fgT��8hmcacih4�k`ajV��ª	�~h4�'X��LX�x ³ �8hmxkfgTVX�cedqj r `ijV�
l�T�dmopX ³ ��dqj��<`ajV��dmjV�mcaX0o�dqxgX�jVhmf r X(ot`axgX r dqj r fpTVX�ced4fpX0xgdmc�u�hmj<fpxghmc�`ao���dmopX r hLj�d�op` r X�� otca`al!fpx�dmu��?`ajV�
�k`ifpT�²0X�xgh
xghmcac r X�W!dmj r ª
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�¦¬�xgotf+otfpX0l­`ij�hLx r X�xkfgh�`aj�u�cab r X��?`eot`ahmj�`aj�fpT�X
u�hLj<fpxghmc£cah?hml�`eokfph r X�¬�j�X
d!xgX��8X0xpX0j�u�X�ogu�X0jVX ³ fpTVX
`aW!dq�LX!hq�k�kTV`eu�T ³ dmo��?`aX��'X r �8xghmW dqj«dq`axg��hLxpjVX�u0dqWYX�x�d ³ ��hLbVc r dqcacih4� �8hmx]d��mh?h r �mX�xpfp`eu�dmcAdqj r
ced4fgX�x�dqc�hmx+dqftfg` fgb r X]l�h<ot`ifp`ahmjV`ajV� ³ ��bnf�caX0d.�?`ajV�!�8xgX�X r hmW X�jVhLbV�mT­fph�u�hmlCX��k`ifpTEfpTVX]ci`aWY` f�d4fg`ihLj�o�hm�
fgTVX�cedqj r `ajV�YlVbVxglChLopX�hLx'fpTVX��LX�TV`eu�caX r s?j�dqWY`eu�o0ª
¢±X�f�b�o�u�hmj�ot` r X�x�opb�u�T¶d�cedqj r `ajV�­ogu�X0jVXYfph­�CX�d�opWYdmcicAxph<d r hmx�dm`ixp¬�X�c r o{fgxp`al ³�r X0ogu�xg`i�CX r �?s

fgTVxgX�X�l�dqx�dqcaciX0cAo{fgxgdm`i�LT<f�ci`ajVX(o ³ fgTVX�f{�'h�op` r X0o�hm�kfpTVXKxghLd r dmj r fpT�XKu�X�j<fpX0x�ca`ijVXLª´SIT�X�xgX0opbVc fg`ij��
`aW!dq�LX��k`acic'T�d.�mX�fpTVxgX�X�jVhmjV�§l�dmxgdmcicaX�c'o{fgxgdm`i�LT<f�ci`ajVX(o ³ fgTVXKl�dqx�dqWYX�fgX�x�o�hm�~�kTV`au�T r X�lCX�j r hmj fpTVX
�LX�TV`eu�caX�lChLop`ifp`ahmjEdmj r d4fpfp`ifpb r X ³ X�vVu�X0lnf��8hLx�fgTVX]l�h<ot`ifp`ahmjEdmcihLjV�!fgTVX�xghLd r d4vn`ao��IfpT�X�cahmjV�L` fgb r `aj�dqc
oplCX�X r hmx�lChLop`ifp`ahmj´`ao[fgT?b�o[jVhqf�opX�X0j´�?s�fgTVX!`aWYdm�mXYdqj r hLjVcis­fpTVX�dmX�xgh r s<j�dqWY`au0o�hm��fgTVXY�mX0TV`au�ciX
�k`acac£��X�b�otX r �8hLxk` f�o~u�hLjLfgxphLc2ª

�ku0u�hmx r `ajV��fph�fgTVXkcedqj r `ajV��ogu�X0jVXklVxghmlChLopX r  PopX�XI¬��LbVxgX �(¤Odqj r]r X�lCX�j r `ajV��hLj]fpTVX��}7 lChLop` fg`ihLj
s � x�hq��fgTVX­dq`axg��hLxpjVXKu�dmW]X0xgd��
`ajRfpTVX��LxphLbVj r �8x�dqWYX ³ fpT�XKxghLd r dmlVl�X(dqx�o]`ij fpTVX�`aW!dq�LXKdLo �
otfpx�dq`a�mT<f~ca`ij�X0o ³:r X0ogu�xg`i�CX r �?s�`ij r X�vnX0o+} ³ � dqj r ¢ ³ xgX0opl�X(u�fg`i�LX�cas��8hLx~fpT�X
xg`i�LT<f+ot` r X�hm�yfpTVX
xph<d r¨³
fgTVX�u�X0j<fpX�xkca`ajVX�dqj r fpT�X�ciX��©f�ot` r X[hq��fpTVX�xghLd r ª
SITVX�cadmj r `ajV��opu�X�jVXk`eo r X�¬�jVX r `ij]fpT�X~�mxghmbVj r ��6
76�8x�dqWYX ³ dqj r fgTVX~lChLop` fg`ihLj � hm�CfgTVX~u�dmWYX�x�d

`eo+�m`a�mX�jE�<s�`ifgo[u�h<hLx r `ij�dqfpX(o~`aj­fpT�X]��:k�¦dq`axgu�xgdq�©f~�8xgdmWYX
dqj r �?sKfpTVX!u�h?hLx r `aj�dqfpX0o+dqj r d4ftfg` fgb r X
hm�±fgTVX�dq`axgu�xgdq�©fk`ij�fpTVX���6
7¦�8x�dqWYXLª
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��`a�mbVxgX�� �¥^nu�X0jVX r X�¬�jV`ifp`ahmj¶ 8caX��©f�¤kdqj r �?`aopb�dmc¨hmbnfglVbnf~�4dqxg`adm�VcaX0o'`ij�u0dqWYX�x�d�`aW!dq�LXY Pxp`a�mT<f�¤

� `ifpTVhLbnf�cahLogokhq�O�mX0jVX�x�dqca`if{s!fpTVX�cadmj r `ajV�!xph<d r `aokfgdq�LX�j�dmokdmci`a�mj�X r �k` fgT�fpTVX���hmxpfpT­dqv?`eokdqj r
u�X�j<fpX0xpX r dqfIfpTVX�hLxp`a�m`aj ³ �m`a�?`ij���fgT<b�oIfpTVX[�8hLcicah4�k`ajV�
ca`ajVX0okxgX�l�xpX(otX0jLf�d4fg`ihLj �

� �N=qw
$ = ����� `

�kTVX0xpX%( `ao�fpT�X��k` r fgT�hm�±fpT�X+cedqj r `ijV�]xghLd r£³ dmj r � � = sf� � B^w�B4� � x±xgX0opl�X(u�fp`a�mX0cis]�8hLx�fgTVX�fpTVxgX�X
ca`ajVX0o�� = s	� B � B (#xpª
�+o±xgX�lVxgX0opX�j<fgX r `ij�¬��mbVxgX�� ³ fgTVX �kca`ajVX0o±`ij�fgTVX¥`aW!dq�mXAlVcadmjVXAdmxpX¥` r X0jLfg` ¬�X r `aj�l�hLcadmx±u�h?hLx r `aj�dqfpX0o

s�
EBDW3x ³ fpTVX r X�¬�jV`ifp`ahmj�hq�O�kTV`eu�T�W!d.s��CX[�8hmb�j r `ij�opX0u�fg`ihLj��Vª �Lª �Lª

![� ¼ ��L ¸ � ���(�n� ¸ � ¸ � ��� ¢£X�fYb�o]u�hmj�op` r X�x]fpT�XK�LX�TV`eu�caX r s?j�dqWY`eu�oYdmo r X(opu�xp`a��X r `ajRd��mX0jVX�x�dqc
otfgdqfpX�opl�dmu�X�xgX�l�xpX(otX0jLf�d4fg`ihLj��?s �

�� = ��s �rBDA)B � B � x   ���L¤
�kTVX0xpX �´`ao+fpT�X
�LX0u�fghmx+hq�¥fgTVX
xgX�caX��4dmjLf�otfgd4fgX��4dqxg`edq�VcaX0o r X0ogu�xg`a�V`ij���fpT�X
�LX�TV`eu�caX�WYhqfg`ihLj ³ A´`ao

fgTVX[�mX(u�fphLx�hm�±fgTVX�d.�4dm`icedq�VcaX[u�hmj<fgxphLc�`ajVlVbnf�o ³�� `eo'fpT�X��LX0u�fphmx'hq� r `aotfpb�xp��dmj�u�X�`ajVlVbnf�o ³ ca`a�mX��k`ij r hmx
�Lb�otf ³ dqj rt� `aokfp`aW]XLª
| j�hmx r X0x�fgh�u�hLjLfgxphLcCfpTVX��LX�TV`eu�caX[l�d4fgT ³ caX�f~b�o r X�¬�jVX�dmj�hLbnfplVbVf~X ><b�d4fg`ihLj �

' =�� s �rBDA)B � x  §�q�L¤
�kTVX0xpX�fpTVX�hmbnfglVbnf]�mX0u�fphLx�`aj�u�cab r X(o
d­opbV��opX�f]hq��otfgdqfpX��4dqxg`edq�VcaX0o ' ³ j�dqWYX�cas��k`ifpT«fpTVXK�mX0TV` �

u�ciX�dq��ophmcabnfpX�l�h<ot`ifp`ahmj«dmj r d4fpfp`ifpb r X���ª x0ª f�fgTVX��LxphLbVj r �8xgdmWYX ³ �kTV`eu�T«dqxgX!fpTVX�WYhLotf�`iWYlChmxpfgdmjLf
�4dmxp`edq�VcaX0o'`ajKfpTVX�cedqj r `ijV�YlVT�dmopXmª
¢±X�f~b�oIfgTVX�j r X�¬�jVX�fpT�X�W]X(dmopbVxgX r �.dmxp`edq��ciX(o'dmj r `iW!dm�mX�hmbnfglVbnf~X ><b�dqfp`ahmj �

� =p��s ' x  §�3�(¤

`aj�u�cib r `ijV�]fgTVX�xpX0ciX0�4dqj<fk`iW!dq�LX��8X0d4fgbVxgX0o�s	
 xgª
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¢±X�f!fpT�X�j fpTVX�fgxgdLu��mX r   r X(ot`axpX r ¤]�mX(u�fghmx�o��CX�xpX(otlCX0u�fp`a�mX0cis '�� dqj r ���  Pd´j?bVcack�.dmcib�XK`ajRfpTVX
fgxgdLu��mX r �mX(u�fghmxIWYX0dqj�o'fpT�dqf�dqjKhmbnfglVbnfk�8X�X r ��dLu���`ao~b�otX r dmj r jVhqf~dmj�X0xpxghmx'�8X�X r ��dLu��n¤�ª

SITVX #A¼ �%�©� � ¼$�£º ���V� ¸ ½	���8�����/L�� ¸ �%� ¼ � ���RdqlVl�xph<dmu�T�dLopopbVWYX0o�fgTVX!hmbVfplVbnf ' W!d.s­��X!xgX0u�hmjn�
otfpxgb�u�fpX r hmxkX(o{fg`iW!dqfpX r �?s�dmj�`aj?�mX�x�op`ihLj�hq��fpTVX�hLbnfpl�bnf~X ><b�dqfp`ahmj��3�����

' = � 
 _ s � x  §�m�m¤
dmj r fpTVX0j�d r `eogu�xgX�fpX�u�hmj<fpxghmcaciX0xI`aokopX0dmxgu�TVX r �8hLxIfpTVX�hLbnfplVbVf~X�xgxphLx��8X0X r ��dmu�� �

����	� _ = �
�� ����#�%"���5s '��� � ' � x
A � = ���� ������ �
���s '��� � ' � x  §� �L¤

�kT�X�xgX���`eo'fpTVX�fp`aW]X�`aj r X�vKdmj r fpTVX�hLbnfplVbVf~X�xgxphLx s ' �� � ' � x¥`aokfpTVX[fgxgdLu��<`ajV� r ` �CX0xpX0j�u�X��CX�f{�'X�X0j
r X0op`ixgX r dqj r dmu�fpb�dmc¨hmbnfglVbnf�o�ª

SITVX �9�Ä� �C¸Lº ���V� ¸ ½ ���P�����/L�� ¸ � � ¼ � � �¡dql�lVxph<dmu�T6dLopopbVWYX0o�fpTVXÄu�hLj<fpxghmc�hL�nz{X0u�fp`a�mX´u�dqj ��X
xgX0dLu�TVX r �?sExgX��LbVced4fp`ajV�­dmj¶hmbnfglVbnf��8b�j�u�fg`ihLj r `ixgX0u�fpcas�X�vnlVxpX(opopX r `ajÄfpTVX�`iW!dm�mXmª�|®f�W!d.s´��X r X��
ogu�xg`a��X r �?s�d r `eogu�xgX�fpX�u�hmj<fpxghmcaciX0xA�8hLxkWYX0dmopbVxgX r hmbnfglVbnf~X0xpxghmx��8X�X r ��dmu�� �

����	� _ = ���� ���� �#"��� s ���� � � � x
A � = � �� � ��#� � ���s � ��.� � � x  §�4Z<¤

�kTVX0xpX��[`ao±fpT�X¥fp`aWYXA`aj r X�v�dmj r fgTVXAhLbnfplVbVf�X�xgxghmx
s ����.� � � x�`eo£fgTVX¥fgxgdLu��?`ijV� r ` �:X�xgX�j�u�XA�CX�f{�'X�X0j
r X0op`ixgX r xpX��8X�xgX�j�u�X+`aW!dq�LX[dmj r dmu�fpb�dmc¨hmbnfglVbnf~`aWYdm�mXLª

� � �������������Y� �K���	�k� ����������	����k%������0���

��hmx�fgTVX�lChLop` fg`ihLjÄ��dmopX r u�hLj<fpxghmcaciX0x ³ fgTVX�`aW!dq�mX!hLbnfpl�bnf�`eo�u�hLj�ot` r X0xpX r dLo�dqj¶X�v<fgxgd�opX�j�ophmx��k`ifpT
�Lh?h r u�T�dmxgdLu�fgX�xg`aotfp`eu�o�fgh�TVX�cal!`aj!fpTVX�cadmj r `ajV��lVT�dLotXLª�SIT�X~W!dq`aj�u�T�dqcaciX0jV�mXkhm�:fpTV`eo�u�hmj<fpxghmcVogu�TVX0W]X
`eo±fph�l�X0xt�8hLxpW¦d+�mh?h r X�jVhLbV�mT�`iW!dq�LXA`aj?�mX�x�op`ihLj�dqj r l�h<otX� 8lChLop` fg`ihLj
dqj r d4fpfp`ifpb r X(¤±xpX(u�hmj�o{fgxpb�u�fp`ahmj£ª
SIT�X¥X0otfp`aW!d4fpX r lChLop` fg`ihLj�`ao£fpTVX0j�`ij<fgxph r b�u�X r `aj<fph�dmj�d r dmlnfpX r �mX�x�op`ihLj�hm�?fpTVX�jVhmxgW!dqc���`a�mT<f�u�hmj<fpxghmc
opsno{fgX�W�ª

%-� � ��% $�e5& 4D+��h&Q"X(S4f05+
SIT�Xk��dmop`au'` r X0d�hm��fgTVXkxpX(u�hLj�o{fgxpb�u�fp`ahmj
WYX�fpT�h r `eoOfpT�Xk`ij?�mX0xgop`ahmj�hm��fgTVXk`aWYdm�mXIhmbVfplVbnf���� ³ `ajYhmx r X�x
fghYxpX�fpxg`iX0�mX+fpTVX�u0dqWYX�x�d�lChLopX ³ dqj r fpTVX0jKfpTVX�dm`ix�u�x�d4�©fIl�h<otX ³ �8xghmW fgTVX�`iW!dm�mX[hmbnfglVbnf(ª

��hmcacih4�k`ajV�~fgh�fgTVX r X�¬�j�` fg`ihLj�hq��fpTVXIopu�X�jVXIdqj r �8xgdmWYX0o�lVxpX(otX0j<fpX r `ij�¬��mb�xpX�� ³ fpT�XAfgTVxpX0XAcedqj r `ijV�
otfpx�dq`a�mT<f'ci`ajVX0o�W�b�o{fI¬�x�o{f'��X[X�v?l�xpX(opopX r `aj�fgTVX�`iW!dq�LX~�8x�dqWYX[dqj r fpTVX0j�lVxghqz{X(u�fpX r hmj<fgh�fpT�X�`aW!dq�LX
l�cadmjVXmª
SITVX�h4�LX�x�dqcac�fgxgdmj�ot�8hmxgWYdqfp`ahmj��8xphLW fpTVX���6
7¦�8x�dqWYX�fphYfgTVX�`aWYdm�mX+�8xgdmWYX�`eoIfgTVX�lVxgh r b�u�fkhq���

� ÎÍÒ{Ì±Ñ.Ï±Ï§Ñ(Æ.ÆqÅ�Ï§ÒyÇ.Ò{ÓPÒ¥Ì2Ç.ÈÍÏ±ÈÍË���Ò{ÓPÏ§ÈÍÅ�Ë+Å�Ó±Ï2Å��kÒOÅ�Ì2Ç.Ò{Ó�ÏPÌ®ÉgÌ2Ò¥ÒtÏPÌ§È �~ÉgÌ2ÈÍÅ�Ë~Ì§Ò{Ö®Ç.Ë(È !0Ñ.ÒAÈÍÏ±É"��É�ÈÍÎÊÉ�ß.ÎÍÒ�#
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� d]xphmfgd4fg`ihLjKdmj r fpx�dqj�opcadqfp`ahmj��8xphLWµX0dmxtfgT��8x�dqWYX�fphYcahnu�dqc£��:~���8x�dqWYX

� dqj r d]xghqfgdqfp`ahmjKdqj r fpx�dqj�otced4fg`ihLj��8xghmW ��:k� �8x�dqWYX�fph]fpTVX�`aW!dq�LX+�8x�dqWYXLª
SIT�X]opX0u�hmj r fgxgdmj�ot�8hmxgWYdqfp`ahmj�`eo�jVhmxgW!dqcacis�u�hLj�otfgdqj<f[dqj r l�xpX0�<`ahmb�otcas��<j�h4�kj �~`if��'hmbVc r �CX]X0dmop`acis
`aj?�mX0xtfgX r ª���hmx[d��CX�fpfpX�x[xgX0d r dq�V`aca` f{s ³ fgTVX!u�dmW]X0xgd��k`icacO��X!u�hmj�op` r X�xgX r TVX0xpX
cihnu0d4fpX r dqf+fgTVX!�-:~�
hLxp`a�m`aj ³ �k`ifpT�fpTVX�hLlnfp`eu�dmc:dqvn`ao'lChm`ajLfg`ij��
fgh]fpTVX�dq`ax�u�x�d4�©fIjVhLopXmªySITVX[h4�mX0xgdmcicCxghqfgdqfp`ahmj2����WYd.sYfgTVX�j
�CX�X�v?l�xpX(opopX r fpT�xphLbV�mT´fpT�XM6ybVcaX�x]dqjV�LciX(o! 8xghmcac�V ³ lV` f�u�T*W­dqj r s<d.� YI¤[�?sEfgTVX�lVxgh r b�u�f
hq�IfpTVX
xghqf�d4fg`ihLj �«�8xphLW �-657¦fph!��:k� �8x�dqWYX0o ³ �kTV`eu�T�`eoI�m`a�mX0j��?s �

��=
�� � w w

w �����XV ���
	#V
w ������	�V �
���XV

�� �� �����3W w �����
	hW
w � w

���
	�W w ������W

�� �� �
���3Y ����	�Y w
������	�Y �����3Y w

w w �

��  §� �m¤

dmj r dÄxphmfgdqfp`ahmjR�8xphLW ��:k�µ�8x�dqWYX�fgh¶`iW!dq�LX��8xgdmWYX ³ u�hLxpxgX0opl�hLj r `ajV�´fph dÄxghqf�d4fg`ihLjRhm� � w��
dmxphLbVj r fpTVX�²��®dqv?`eo��

� � =
�� w � � w
� w w
w w �

�� �  §�q�L¤

SITVX�lChLop`ifp`ahmj�hq��fpTVX�ca`ajVX0ok`aj�fpT�X�`iW!dq�LX��8xgdmW]X r X�lCX�j r o~hmjKfpTV`eokxghqf�d4fp`ahmj�dqj r hLjKfpTVX[fgxgdmj�o{�
ced4fg`ihLj ³ dLopophnu�`ed4fpX r �k`ifpT�fgTVX�dq`axgu�xgdq�©fkl�h<ot`ifp`ahmj�`aj�fgTVX���6
7¦�8x�dqWYX ³ �k` fgT­u�h?hmx r `aj�d4fgX0o s )�B $dB ��xgª
��`aj�dqcacas ³ fpTVX�fpx�dqj�ot�8hmxgW!d4fg`ihLj­dqj r fgTVX�jEfpTVX
�?`aop`ihLj­hmbVfplVbnf�s	
 xIhmjVcas r X�lCX�j r hmj�fgTVXYdq`axgu�xgdq�©f+� 7
lChLopX�s�� xgª
SITV`eo'`iW!dm�mX~�8b�j�u�fg`ihLj�`eo�hL�?�<`ahmb�otcas
j�X�`ifpTVX0x'ca`ajVX0dmx�jVhLxA�V` z{X0u�fp`a�mX ³ dqj r `aj�l�dqxpfp`eu�bVcedqx ³ dLo�otfgdqfpX r

dm��h4�LX ³ fpT�X]cahmj��m`ifpb r `aj�dmc�lChLop`ifp`ahmjKs ) x~dqcahmjV��fpTVXYxghLd r u�dmjVjVhqf[�CX]xgX�fgxp`aX��LX r ª���j´dmlVlVxgh.vn`iW!d4fgX
dmlVlVxghLdLu�T�`eo�u�hmj�op` r X�xgX r TVX�xgX ³ ��X0cic�d r dmlnfpX r fgh!fpT�X�lVxgX0opX�j<f+u�dLotX�dmj r X0dLot`aX�xkfgh�`aW]l�ciX0W]X0j<f�`ij­d
xgX0dmc¨dqbnfghq�®lV`icahqf(ª
�+o�d!¬�xgotf�otfpX0l ³ fpT�X�xghqfgdqfp`ahmj �R`eo�dqlVlVxgh.vn`iW!dqfpX r fgh�d�ci`ajVX0dmx��8hLxpW �8hmx[opWYdmcicOdqj��mcaX0o ³ u�hmxgxpX��

oplChmj r `ajV�]fph!dmj�dm`ix�u�x�d4�©fkdqj r u0dqWYX�x�dYdqcaxpX(d r s!jVX(dqxgcis�dmci`a�mj�X r �k` fgT�fgTVX�cedqj r `ajV�]¬�X0c r �

� " �� � ��Y W
Y � �-V
��W V �

��  §� Gq¤

SITVX0j ³ dmu�u�hmx r `ajV�Kfph�¬��LbVxpX���dmj r �8hmx�X(dmu�TÄca`ijVX�s ' � = � � (.$��Sx ³ f{�'hKlChm`aj<fgo
dqxgXYu�hmj�op` r X�xgX r¨³
� � = s��rB ' � BDw3xAdmj r � � = s ���rB ' � BDw3x ³ �kTV`eu�T�dqxgX�l�xphmz{X0u�fgX r `ijKfgTVX�`aWYdm�mX[lVcedqjVX�dLo~�]l�hL`ij<f�o ³ �
dmj r " ³ �k`ifpT�u�h?hLx r `aj�dqfpX0o��

���� � = �� 
��
��� � �XY
� �#�XW � � ���� "'= �� �

�
��� �#�XY
� � �XW �  §� !L¤

�kTVX0xpX �­`aoIfgTVX[�8hnu�dmc¨ciX0jV�qfgT�dmj r fpTVX�l�dmxgdmWYX�fpX0xgo s � B � B�� xydmxpX�u�hmj�otfgdmjLfkdqcahmj��]X(dmu�T�ci`ajVX�dqj r
X�><b�dqc:fgh'�

� = ' � � $q��
 V
� = � ' �UV��#$ V ��


��=	� ' � Y~� � �qs $�Y~��
XW3x  §� �L¤
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:'bnf ³ �?s r X�¬�jV` fg`ihLj�hq��fpTVX�ca`ij�X�dqjV�LciX sbW � x �
� � ��!"
�
�
�
� � ��!" �

�
�

= � �����
	�W �
�����3W � �  $�m�L¤

dmj r¨³ dmj�dqcas?²�`ajV��fpTVX��mX�hLWYX�fpxgs�hq�:fgxp`edqjV�LciX�s � B���B "dx ³ fgTVX r `eo{f�dqj�u�X 
 �kW!d.s��CX~X�vnlVxgX0ogotX r fgTVxgb
fgTVX�u�xghLogo'lVxgh r b�u�fkhq�O�mX(u�fghmx�o ���� �¦dmj r � � ��!" �


 ��=
���� �	� � � ��!"
�
�
�
� � ��!" �

�
�

 $���(¤

caX0d r `ij��
fgT?b�oIfph �
���� �	� � ������	�W �

�
���3W � � = 
 �  $�L�m¤

�kTV`eu�T ³ `i��fgTVX�dm��opu�`aogogd � `eo��LxpX(d4f�dLo�u�hmWYl�dmxpX r fgh«fgTVX�hmfpTVX0x�fgX�xgWYo ³ �L`i�LX0o!fgTVXExgX r b�u�X r
xgX�ced4fg`ihLj � � Y

��W!� � � �����
	hW �
�
���3W � � = 
 �  $� �L¤

SITV`eokxgX�ced4fg`ihLj�`eokhm�nf�dq`ajVX r �8hmx~dmcic:fgTVxgX�X�ca`ijVX(okdqj r xgX0opbVcifgoI`ajKdYW!d4fgxp`eu�`edqc:X�v?l�xpX(opop`ihLj&��� �����
	hW�� �����3W��
������	�W � �����3W �
�����
	�W � �
���3W �
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�8xghmW �kTVX�xgX�fpTVX[xghmcac£dqj r sLd.� dqjV�LciX(o�s W�BDY#x¥W!d.s��CX�xpX�fpxg`iX0�mX r �� W
Y � =

�� �����
	�W�� �
���3W��
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	hW � �����3W �
������	�W � ������W �
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�k`ifpTKfpT�X�b�otX�hm��d]l�opX�b r hq�®`ij?�mX0xgopX	�.ª
C+j�u�XIfpTVXIf{�'h�dqjV�LciX(oOT�d.�mXI�CX�X0j]X(o{fg`iW!dqfpX r dmj r �mX�fpfp`ajV�[��dmu���fph[fpT�XkhmbnfgX�x¥lVxgh r b�u�f¥X ><b�d4fg`ihLj

 PX >Cª �L�L¤ ³ `aj<fpxgh r b�u�`ajV�]fpTVX�X�vnlVxpX(opop`ahmj�o�hq�Ol�dqx�dqWYX�fpX�x�o s � B � B��\xy�m`a�mX(o �

s����EY�� ' � � $q��
 Vrx��
���3W � � s��XW � ' V �%$ V ��
Qx����
	�W � = 
 � s � � ' � Y#x $ �  $�m�L¤
�+o�fpTVXYdq�Ch4�mX
X ><b�d4fg`ihLjEW
b�o{f[�CX]�4dmci` r �8hLx �*='w ³ dqj r `eothLcadqfp`ajV��fgTVX
xgX�W!dm`ijV`ajV�KbVjV�?jVh4�kj�o

s $dB 
rB^Vrx ³ s?`iX0c r o��
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s��������SW � ��Y 
 � $ � �KV ���
	�W � x�$q�qs V �����XW � � ���
	�W � ��W 
 � $ �)x 
 � s � ' � ���
	�W � xSVt=
� ' � �
���3W � � 
 � � ' � Y $ �  $� Gq¤

�kTV`eu�T ³ �8hmxAfpTVX+fpT�xpX0X~xph<d r ca`ij�X0o ³ u�hmxgxpX(otlChmj r oOfph]d�opX�f�hm����X ><b�dqfp`ahmj�oA�k` fgT�fgTVxpX0X�bVj��<j�h4�kj�o�ª
|®f�W!d.sK�CXYothLci�LX r �?s�d�ca`ijVX(dqx+` fgX�x�d4fp`a�mX�W]X�fpTVh r¨³ dLopopbVWY`ajV��`ajV` fg`admcicas­d!²0X�xgh�xghmcac�dqj��mcaXMs Vt=qw�x ³
dmj r fgTVX�j�hm�nf�dq`ajV`ij���`ijEf{��h�hmx~fgTVxgX�X
otfpX0l�o�dqj­X(o{fg`iW!d4fgX��8hLx�fgTVX
xgX�W!dm`ijV`ajV��u�hmWYlChmjVX0jLf�o~hm�¥fpTVX
`aW!dq�LX�lChLop`ifp`ahmj ��s�$ B 
rB^Vrxgª
SITVX[hLbnfplVbVfIhm�£fpT�X�`aW!dq�LX+`aj?�mX�x�op`ihLj!¬�j�dmcicas!�m`a�mX(o¥fgTVX[X0otfp`aWYdqfpX�hq��fpTVX[`aWYdm�mX��8xgdmW]X�lChLop` fg`ihLj

xgX0opbVcifp`ajV�]�8xphLW fpT�X�dq�Ch4�mX�lVxphnu�X0ogo �
� =�� w�B $dB 
QB V�B WXB Y��

SITVXAlVxphnu�X0ogo r X0ogu�xg`i�CX r �8hLx¨fpTVXA`ij?�mX0xgop`ahmj�hq�<fpTVX¥`aW!dq�LXOdmj r X0otfp`aW!d4fg`ihLj�hm�LfgTVXAdm`ix�u�x�d4�©f¨lChLop` fg`ihLj
T�dmo!lVxgh4�mX r fgh«�CX��Pdq`axpcas xghm��b�o{f�dmj r dmu�TV`aX��LX0o!dmj6dmu�u�bVx�dmu�s hmjVcas xgX r b�u�X r �8hLx�xphLcic+dqj r 6¥dLo{f
lChLop`ifp`ahmjK�kTVX�jKfpT�X�xphLcic£dmjV�mcaX+`aj�u�xpX(dmopX0o'��X0smhLj r ogd.s ���4ª
C+j�u�XyfpT�X�dq`ax�u�x�d4�©f±lChLop` fg`ihLj�T�dmo±��X0X�j�X(o{fg`iW!dqfpX r �8xphLW fgTVXA�?`eot`ahmj�hLbnfplVbVf ³ fpT�X�dq`ax�u�x�d4�©f£lChLop` fg`ihLj

W!d.s�dmcaoph]��X�X(o{fg`iW!d4fgX r dqj r fgTVX�xpX0ciX0�4dqj<f~u�hmWYlChmjVX0j<fgo�s 
rB � B � xAu�` fgX r dq�Ch4�mX �

� 
 


� = $
��= Y�� -

W!d.s��CX�b�opX r `ijKfgTVX��mbV` r dmj�u�X�dqj r u�hmj<fpxghmc:hq��fpT�X�dqbnfghmW!d4fg`au�cedqj r `ajV��ª

%-�b� ��05(S4f234 05+����-$�(�&r, ��$�+-,�4 +-e
	�05+h2S"X05c c &Q"
| j otX(u�fp`ahmjR�nª Z ³ fpTVX�h4�mX0xgdmcic¥hLbnfpl�bnf]�LX0u�fphmx
b�opX r �?s�fpTVX ��`a�mT<f]u�hmj<fpxghmcaciX0x��Idmo r X�¬�jVX r dLo ' =
? ; H B 
QB -
B^V)B � B �DG H ³ �Vbnf[�8xphLW
fpT�X0opX!hmbnfglVbnf��4dqxg`adm�VciX(o�hmjVcasEd�otb��n�®opX�f�`eo[ci`a�mX0cis­fph���XYTVX0cilCX r �?s
fgTVX]`iW!dq�LX�hLbnfplVbVf0ª �VhLx�fgTVX]dmj�dqcasnot`eo~hm�yfpTV`eo�`iWYlVcaX�WYX0jLf�d4fg`ihLjEWYX�fgTVh r¨³ fpTVX]hmbVfplVbnf[�mX(u�fghmx��Idmo
oplVca` f~`aj<fph �

� cih4�I�®caX��mX0c ��`i�LT<f��.dmxp`edq��ciX(o � ' (�( = ? ; H B�-
B�VXG H fgh¶��X�X(o{fg`iW!d4fgX r hmjVcas¶�8xghmW fgTVX­d.�4dq`acadm�VcaX
��`a�mT<f�otX0j�ophmx�o �

� �mbV` r dmj�u�X��4dqxg`edq�VcaX0o�� ' v 
 �z= ? 
rB � B �DG H fgh!��X�X(o{fg`iW!dqfpX r �8xghmW fpTVX�opl�X(u�`i¬�u[cedqj r `ajV��opX�j�ophmx�o ³
�kTV`eu�T��8hLxIfpTVX�l�xpX(otX0jLf~u0dmopX�u�hmj�op`aotfkhq��fpTVX�ophmcaX�u�dmW]X0xgd]dqj r `ifgok�?`eot`ahmjKhmbVfplVbnf(ª

SIT�X ��`a�mT<fIdqbnfghq�®lV`icahqfI`eo¥fgT<b�o�`aWYlVcaX�WYX�j<fpX r dLu�u�hmx r `ij���fph
fpTVX�xgX0u�hLj�otfpxgb�u�fg`ihLj :�cahnu��d7�`edq�LxgdmW$hm�
¬��mbVxgX��nª
C+�?�?`ihLb�opcis ³ d4�©fgX�x]fphLb�u�T r h4�kj ³ fpT�X­dqbnfghq�®lV`icahqfY`eo!ot�k`ifgu�TVX r �8xghmW fpTVX ��`a�mT<f�u�hLj<fpxghmcaciX0x�fghÄd

�LxphLbVj r u�hmj<fpxghmcaciX0x ³Cr X0op`a�mjVX r fph�opcah4� r h4�kj�fpTVX]dq`axgu�xgdq�©f��kTV`aciX]�mX0X�lV`ajV�!fgTVX�cahmj��m`ifpb r `aj�dmc�dmci`a�mjn�
WYX0jLf�dmcihLjV�
fpTVX�xghLd r d4vn`eo�ª
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��`i�LbVxpX��,�Ow�h<ot`ifp`ahmjn�®��dLotX r ��hmj<fgxphLcQ:�cahnu�� 7�`edq�LxgdmW
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| jEhmlVlChLop` fgX�fph�dq��ophmcabnfpX�l�h<ot`ifp`ahmjV`ajV��WYX�fpTVh r o ³ fgTVX�`aW!dq�LX��®��dmopX r �?`aopb�dmc�opX�xg�mhm`ajV�YWYX�fgTVh r­r h?X0o
j�hqf[xpX�>Lb�`ixgX
dmj­X�vnlVca`au�` f � 7$xgX0u�hmj�otfpxgb�u�fg`ihLj­hq�AfpTVXYopu�X�jVXLª�SITVX
��dmop`au
` r X0d�`eo+fph�dmogotb�W]X�fpT�dqf[d
f�dmop�
u0dqjY��X��8bVcacisYotlCX0u�` ¬�X r `ajYfpX�xgW!oyhq�:fgTVX r X(ot`axpX r u�hmjV¬��mbVx�d4fg`ihLj
hm�£d�otX�f¥hq�¨�mX0hmWYX�fgxp`eu'�8X0dqfpbVxgX0o
`aj�fgTVX[`iW!dm�mXmªOSITVX+fgdLot�!�k`acic:�CX+lCX�xp�8X0u�fpcas�dmu�T�`iX0�mX r �kTVX�jKotb�u�T�d
u�hmjn¬��LbVx�d4fp`ahmj��k`icac:��X�xpX(dmu�TVX r
� ogdqW��m�("®ª¥| j�fpX�xgW!okhq�Ou�hLjLfgxphLc ³ fgTV`eo~u�dmj��CX[�8hmxgW�bVced4fgX r dmokdYlVxghm��ciX0Wµhq��xpX0�mbVced4fg`ihLj�fgh]²0X�xghYhq��d
u�X�xpfgdm`ijKhmbnfglVbnfk�8bVj�u�fp`ahmj r `axgX0u�fgcis r X�¬�j�X r `ijKfgTVX�`iW!dm�mX��8xgdmWYXmª

¢±X�f�b�o�u�hmj�op` r X�x�fpTVX´dq`axp�ChmxgjVXEu0dqWYX�x�d � u�dmxpxg`aX r �?sRfpTVX´dq`axgu�xgdq�©f��kTV`eu�T u�dmj6��X��?`iX0��X r
dLo+d�WYX0u�T�dmjV`eu�dqcyopsno{fgX�W
�k`ifpTÄotX0�mX�x�dqc�dmu�fpb�dqfpX r�r X��LxpX0X0o+hq���8xpX0X r hLWKª�SIT�X]lChLopX� 8lChLop` fg`ihLj�dqj r
hLxp`aX�j<f�d4fp`ahmjC¤�hm� � `eo±dmj�X0ciX0WYX�j<f � hq��� a � � � a ³ �kTV`eu�T�`ao±dkot`iv r `aWYX�j�op`ahmj�dmc r ` �CX0xpX0jLfg`admcqW!dqjV`i�8hmc r ª
�¡`ij<fgX�x�dmu�f�oA�k`ifpTK`ifgoIX�j?�?`axphLjVWYX�j<f0ª ��X�dLopopbVWYX~fgT�d4fIfpT�X�`aW!dq�LX+�L`i�LX�j��?s �µ 2otX0X�¬��mbVxgX �.¤y�8b�cicas
u�T�dqx�dmu�fgX�xg`i²0X0o
fpT�X­xpX0cadqfp`a�mX�lChLop` fg`ihLj�hq� � �k` fgT xpX(otlCX0u�f�fphÄfgTVX���6
7��8x�dqWYX­dqftfgdLu�TVX r fgh¶fpTVX
ogu�X0jVXmª¥��hLxpX0h4�mX0x ³ caX�fIb�oIu�hLj�op` r X0x¥fgT�d4f'fpTVX�`ajn�8hmxgW!d4fp`ahmj�`ij�fpTVX[`aWYdm�mX+WYd.sY�CX+WYh r X0ciX r dmo'd�opX�f
hm�
� �@.12=� � .1� �M, � � .�u�T�dmxgdLu�fgX�xg`i²0`ijV�[fgTVX��mX�hLWYX�fpxg`euI�8X0dqfpbVxgX0o��kTV`eu�T�xpX(otb�c f��8xphLW fgTVX�lVxphmz{X0u�fp`ahmj!hmj<fgh
fgTVX[`iW!dm�mX[hq��fpTVX��}7�hm�nz{X(u�fgoI�CX�cahmj��m`ajV�]fph]fpTVX�ogu�X0jVXmª�6¥dLu�T�X0ciX0WYX�j<fgdmxps�op`i�Lj�dqc 
 � s�� x r X�¬�jVX0okd
r ` �:X�xgX�j<fp`edq��ciX[W!dqlVl�`ijV�Y�8xghmW�� a ��� � a�fgh��­ªA��o�otTVh4�kj�`aj � X(otl'�<�(" ³ fpTVX[fg`iWYX r X0xp`a�4d4fg`i�LX�hm� 
 �
u0dqjK��X�X�vnlVxpX(opopX r �?s�fpT�X�opu�xpX0�6lVxgh r b�u�f(�

�
 � �=�� 
 �
� �

� ��� � � H B  $� !L¤
�kT�X�xgX � `eoku�dqcacaX r fpTVX ��, 0 $����M!�0'�94#, .�!���$ Jy³ � � H `aoIfgTVX��mX0cihnu�` f{s�ogu�xgX��6hm��fgTVX�u�dmWYX�x�d�dqj r ��xgX�ln�xgX0opX�j<f�oAfgTVX�ogu�xgX�� l�xph r b�u�f0ª

¢±X�fkb�o'jVh4�6dmogopbVWYX 
�`eoId
�q� r `aWYX�j�op`ahmj�dmc��mX(u�fghmx'hq�±`aj r X0l�X0j r X�j<fk�?`aopb�dmc:op`a�mj�dmcao'u�hLj�o{fgxpb�u�fpX r
�8xghmW fpTVX�`aW!dq�LX ³ fgTVX�j ³ �8xphLW X ><b�dqfp`ahmj�� ! ³ ��X�u0dqj r X�¬�jVX[fpT�X�`iW!dq�LX
	mdLu�hL�V`admj� 2othm�®u0dqcaciX r ��, 0 $��/�
� !-0'�94#, ����0*�1���:¤ (hH��kT�hLopX�xgh4�~oIdqxgX[`ij<fpX0xgdLu�fg`ihLj�ogu�xgX��~o��
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��j�dmj�dqcas<fp`eu�dmc¨X�vnlVxgX0ogot`ahmj��8hmxIfpT�X�`ij<fpX0xgdLu�fg`ihLj�W!d4fgxp`iv��kTVX0j�fgTVX�`aWYdm�mX��8X0dqfpbVxgX0okdmxpX��mX0jVX�x�dqc
dmci�LX��Vx�dq`euKu�bVxg�mX(o!u�dqj��CX r X0xp`a�mX r  8�8hmx�WYhmxgX r X�fgdq`aceo ³ opX�X � xg`a�%�L�#"8¤�ª | j hLbVx!lCX0u�b�ci`edqx�u0dmopX ³ ��X
u�hmj�op` r X�xIfgTVX�otX�f~hq�O�mX0hmWYX�fgxp`eu�l�xp`aWY` fg`i�LX0ok`ajKfpTVX��}7¡opu�X�jVX�`eo~u�hmj�otfp`ifpbnfgX r �?s!fpT�X�fpTVxgX�X[cedqj r `ijV�
otfpx�dq`a�mT<fIci`ajVX(o�ª

��� � 	�$z(�& 0��t( 23$�4fehg52KcD4 +-&r(
�����$��� � ¸ ��¸ �4�/L
� ¼ � # �±�0�n�%� ¼$� ����L ¸ � ¼ �¶� �±¸ � � � ¸ �4�V�m� � ¼ � �Ä�n�0� ��� ���V� ¸ ½ ¼ � �0���4� � � � �

L � ��¸ �
¢±X�f�b�o!u�hmj�op` r X�x!TVX0xpX(d4�©fgX�x!�ChqfpTRfgTVX�ci`ajVX(o!`ijRfgTVX � 7�ogu�X0jVX�dqj r fpT�X�`ax�lVxghqz{X0u�fp`ahmjR`ijRfgTVXE�]7
j�hmxgWYdmci`a²�X r `aW!dq�mX[lVcedqj�X[dmxpX[X�v?l�xpX(opopX r `ijKfpT�X�u�dqWYX0xgd��8xgdmWYX����(ª
��otfpx�dq`a�mT<f�ca`ij�X­`ijRfgTVX&� 7 opu�X�jVX�`eo�T�X�xgX�xpX0lVxpX(otX0j<fpX r dmo!fpTVX­`aj<fpX0xgopX0u�fp`ahmj�hq�[f{�'h´l�cadmjVX0o

r X0ogu�xg`i�CX r `ijKfgTVX�`iWYlVca`eu�`ifk�8hmxgW 
Qs�� B P x�=�wYotb�u�T�fpT�d4f��
rs � BbP x�= � � _ � � � _ ' � � _ � =�w
� ` � � � ` ' � � ` � � � ` = w  PZL�L¤

�k`ifpT � `
	=�w~`aj�hLx r X�x�fph�X�vVu�cab r X r X��LX�jVX0xgdqfpX r u0dmopX0o0ª±| j�fgTVX0opX'X ><b�d4fg`ihLj�o ³ � = s �rB ' B � B � x r X0jVhqfgX0o
fgTVX�TVhmWYhm�LX�jVX0hmb�o'u�h?hLx r `aj�dqfpX0o ³ X�vnlVxgX0ogotX r `ij�fpT�X�u0dqWYX�x�d��8x�dqWYX ³ hm�£fpTVX �}7 lChm`aj<fgoIcas?`ijV�]hmj�fpTVX
�}7�ci`ajVX ³ dqj r P r X0jVhqfgX0okd]l�dqx�dqWYX�fpX�xg`a²0d4fg`ihLj�hm�±fpT�X�� 7¦ca`ij�X0oIW!dqjV`i�8hmc r ª
SITVX!X�><b�d4fg`ihLj´hm�AfgTVX��]7µlVxphmz{X0u�fpX r ca`ijVX!hLj<fphKfpTVX�`iW!dq�LXYlVcadmjVX� PopX�XY¬��LbVxgXt�.¤[u�dmjÄdmcaoph���X

�kxg`iftfpX0j�`ij�dqj�`aW]l�ci`eu�`ifk�8hmxgW � s�� B�� x�=�wYotb�u�T�fgT�d4f��

� s�� B � xz= � �
���3W-� ' ���
	�W0� 
�=qw]�k`ifpT

� 
 �
���3W = � _ $�� � ` _ � � ` _
����	�W = � _ $
� � ` _ � � ` _
 =�� � _ $ � � ` _ � � ` _

 PZX�(¤

�kT�X�xgX � = s �<B ' B � x r X0jVhqfgX0o+fpT�X
TVhLWYhm�mX0jVX�hLb�o�u�h?hmx r `ij�d4fpX(o~X�v?l�xpX(opopX r `aj­fgTVXYu�dqWYX0xgd!l�cadmjVX ³
hm�IfpTVX��]7µlChm`aj<fgo�cis?`ajV�­hmjÄfgTVX�� 7 ca`ij�X ³ dqj r � r X0jVhqfgX0o
d�l�dqx�dqWYX�fpX�xg`a²0d4fg`ihLj�hm�IfpTVX��]7µca`ajVX0o
W!dmjV` �8hLc r ª�| jKhmb�x'lCX0u�bVca`admxIu0dmopX ³ �'X�T�d.�mX+u�T�hLopX�j�fghYl�dqx�dqWYX�fgX�xg`i²0X~fgTVX[lVxphmz{X0u�fpX r �]7 ca`ijVX[�?s�`ifgo
lChmcedqxku�h<hLx r `ij�dqfpX(o�s	
 B W3xgª
���LX�jVX0xgdmc��8hLxpW hq��fpTVX�`aj<fpX�x�dmu�fp`ahmjKW!d4fpxg`iv�W!d.sYfpTVX0jK�CX�hm�Vfgdq`ajVX r �8hLxkX0dLu�T�ca`ijVX��

(5H �<= ?�� � �
���3W � � ����	�W ��� � 
 � 
 �
���SW � 
 ����	�W � � G(5H� = ?�� � �
���3W � � ����	�W ��� � 
 s � � 
 ` x�����	�W � s � � 
 ` x��
���3W w G  PZ<�m¤

�k`ifpT�� � = s � ` ����	�W0� � ` �����3W3x $ � ` dqj r � � = s � ` 
 �����SW�� � ` 
 ����	�W-� � ` x $ � ` ª
| j�fgTVX�lVxgX0opX�j<f�u0dmopX�hq�OfpTVX
dqbnfghmW!d4fg`au[cedqj r `ijV� ³ �'X�dmogotb�W]X�fpT�dqf~fpTVX�fpTVxgX�X �}7¡ca`ij�X0ok�CX�cahmjV�

fgh�fpTVX~�LxphLbVj r xpX0lVxpX(otX0j<fpX r �?s�fpT�XklVcadmjVX ��� � _ ��� � _ ' � � _ � � � _ =qw�`aj]fpTVX�u0dqWYX�x�d��8xgdmW]X ³ dqj r
�'X�u�dmj�otX0ciX(u�fkfpT�X��8hmcacih4�k`ajV�!�4� r `aWYX�j�op`ihLj�dqc¨�?`eotb�dqc£op`i�Lj�dqc£�LX0u�fphmx(� 
�='? W��hB 
��5B W � B 
 � B W � B 
 � G�H ³u�hmxgxpX(otlChmj r `ij���fphYfgTVX�lChmcedqxku�h?hmx r `aj�d4fgX0o'hq��fpT�X�xp`a�mT<f ³ u�X�j<fpX0x~dqj r caX��©f~ca`ijVX(okxgX0opl�X(u�fp`a�mX0cisLª

Á�Á Ë�*,+�-/./-



�(! � �#0'�1�9!���� ���8$-.��
	34#.�<���� ��
���,�� $������

SITVX
`ij<fgX�x�dmu�fg`ihLj�W!d4fpxg`iv (hH =�� ���� `ao�d � ���!W!d4fpxg`iv���bnf ³¨r bVX�fph�fpTVX
l�dqx�dqcaciX0ci`eopW �CX�f{�'X�X0j
fgTVX]ci`ajVX0o�`aj­fgTVX!opu�X�jVX ³ `if�`ao�jVhmf+�8b�cicOx�dqjV� �#T � � � s (hH�x�= �Vª���o�lVxgX��?`ihLb�opcis�o{f�d4fgX r¨³ u�hmWYlVbnfg`ijV�
fgTVX�j?bVcac¨otl�dmu�X�hq��(5H ³ ��Xk¬�j r dm�Ldq`ajYfpT�d4f�hLjVcas
¬��mX r X��mxgX�X(oyhq�±�8xpX0X r hLW$dmxpX~xgX0dmcicasYu�hmj<fgxphLcicaX r �?s
fgTVX��<`eop`ihLj r d4f�d ³ dqj r fpTVX�cahmjV�L` fgb r `aj�dqcCWYhqfp`ahmj� Pdqcahmj���fpT�X+cedqj r `ijV�]o{fgxp`al�dqv?`eo�¤y`eo�j�hqf�hL��opX�xg�.dm�VcaX
�k`ifpT�fpTVX[hLjVcisY�?`eotb�dmc:hmbnfglVbnf0ª¥�+o�fpTV`eo��8hmxg�'dmx r oplCX�X r hmx�fpTVX�dm`ix�otlCX�X r `eo�xgX0oplChmj�op`i��ciX��8hmx'fpTVX�ca` �©f
�8hLxgu�X!dqj r fpT?b�o�WYdm`ij<f�dq`aj�o[fpT�X�dq`axgu�xgdq�©f[`ajÄfpT�X�dq`ax ³ fpTVX�dm`ix�otlCX�X r otX0j�othLx�`ao�fgdq�LX�jÄdmo�dKcedqj r `ijV�
opX�j�othLx ³ dqcahmj��
�k`ifpTKfpT�X��<`eopb�dqc¨hLbnfplVbVf0ª

�����$��� � ¼ � # �£�%� ��� � �±¸ � ¸ � ¸ � ¸ � � ¸ ���4��� ¸ �q� ¼ � ¹ � � � ��¸ �9�Ä� �C¸ � # �V� ¸
^n`ij�u�X�d�u�hmj<fgxphLc�`aj´fpTVX!`aW!dq�LX]`eo�b�opX r£³ fpT�X!l�d4fgT�xgX��8X0xpX0j�u�X]fph��CXYfpx�dmu��LX r �<s­fpTVX�u�hmj<fpxghmcaciX0x[`ao
u�hmj?�mX0xtfgX r `ajLfgh�dqj!`aW!dq�LX~xpX��8X�xgX�j�u�Xkfph���X�u�hmWYl�dmxpX r �k` fgT!fpT�X��?`aopb�dmcVhmbnfglVbnfkdqj r fgTVX�j�fpTVX+X�xgxphLx
`eoIb�opX r �?s!fpT�X�u�hmj<fgxphLcicaX�x(ª�| jKfgTVX��?`aopb�dqc£opX�xg�mhL`ij��]dmlVlVxghLdmu�T ³ fgTVX�u�hLjLfgxphLc¨hm�nz{X(u�fg`i�LX�`eokotfgd4fgX r dmo
d�xpX0�mbVced4fg`ihLj�fph�²0X�xgh�hq�Admj�hmbnfglVbnf��8b�j�u�fg`ihLj­�8bVcacis�X�v?l�xpX(opopX r `aj­fpT�X�`aWYdm�mX�opl�dLu�Xmª�^nh ³ ��X
jVX�X r
fgh�fpx�dqj�opced4fpX]fgTVXK�'dqxpfpX(ot`edqj´xgX��8X�xgX�j�u�XYfpx�d4z{X(u�fghmxgs­u�hmxgxgX0opl�hLj r `ajV�Kfph�fpT�X!¬�j�dmcAdqlVl�xph<dmu�TE�CX��8hLxpX
cedqj r `ij��]`ajKfpX0xpW!oIhq�O`aWYdm�mX+�8X0dqfpbVxgX0o'fgxgdqz{X0u�fghmxgsmª�´X�dmogopbVWYXIfpTVX��'dmxtfgX0op`admj
xgX��8X0xpX0j�u�X'fgxgdqz{X0u�fghmxgs�fph��CX�d[lVcedqj�dqx¥u�b�xp�LX r X�¬�j�X r `aj
fgTVX~�LX�xpfp`eu�dqc
l�cadmjVX��kT�`au�T�u�hLjLf�dq`aj�o
fpTVX­u�X�j<fpx�dqcIca`ij�XKhm��fgTVX�cadmj r `ajV�´otfpxg`al1s $ = w3x�dmj r l�dqx�dqWYX�fgX�xg`i²0X r �?s
fgTVX
u0dqWYX�x�d�dmc fg` fgb r X 
Qs � x'dqj r lV`ifgu�T�dmjV�mcaX +hs � x~opb�u�T�fpT�dqf 
rs � � � y 3 � x�= 
 [�� +5s � � � y 3 � x5=	+ [ dqj r
rs � ( y � � x = 
 ( y � � � +hs � ( y � � x�= + ( y � � �kTVX0xpX � � � y 3 � r X�jVhmfpX0o�fpT�X��CX��m`ajVjV`ajV��hq�IfpTVX r X(opu�X�j<f
dqj r� ( y � � fgTVX�fp`aWYX�hq�Ou�hmj<f�dmu�fk�k`ifpTKfpT�X�cadmj r `ajV�!o{fgxp`al´ 8fphLb�u�T r h4�kj�¤�ª
�+opopbVWY`ij���fpT�X r `eotfgdqj�u�X�( ��X�f{��X0X�j�fgTVX�hLbnfpX0x+ca`ij�X0o+hq�yfpT�X�cedqj r `ajV�Ko{fgxp`al­`eo��?jVh4�kj ³ �'X�u�dmj

u�hmWYlVbnfgX�fpTVX�xgX��8X0xpX0j�u�X[`aWYdm�mX��8X0dqfpbVxgX0okdLokd
�8bVj�u�fg`ihLj�hq�hs-
Qs � xDB +5s � x x �
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�kTVX0xpX �E`eoIfpTVX��8h?u0dqc£caX�j��qfpT�hm��fgTVX�u�dmWYX�x�d]dmj r¨³ �8hLx�s � = � B � B (�x ³ � � `eo~xgX0oplCX0u�fg`i�LX�cas��m`a�mX0j
�?s<s8� � B^w�B4� � x{ª
��c fgX�xgj�d4fg`i�LX�cas ³ fgTVX�xpX��8X�xgX�j�u�X�fpx�d4z{X0u�fphLxps!W!d.s�WYhLxpX�u�hLj?�mX�j�`iX0jLfgcis!�CX�otfgdqfpX r `ajKfpX�xgW!oIhq� r `eo{�

f�dqj�u�X�fph]fphLb�u�T r h4�kj ³ T�X�xgX�X�><b�dqc:fgh ) ³ `ij�otfpX(d r hq�yd
fp`aW]X[�8b�j�u�fg`ihLj ³ �m`a�?`ij��]d]l�dmxgdmW]X�fpX0xp`a²0dqfp`ahmj
�?sEfpTVXKu�dqWYX0xgd�dqcifp`ifpb r X�
rs ) x�dqj r lV`ifgu�T +hs )*x ³ dqj r d­xpX��8X�xgX�j�u�X!`iW!dq�LX 
 � s ) xpª���caX0dmxpcas ³ fpTVX
u�T�hm`eu�X[�8hmx�dqj­dmc fg` fgb r X�l�xphm¬�ciX�
rs )*x�`aW]l�ci`aX0o~fpTVX
b�otX�hq�¥dqj�X�v<fgxgdYcahmj��m`ifpb r `aj�dmc±lChLop` fg`ihLj­otX0j�othLx ³
�kT�`au�T�WY`a�mT<f��CX�d�([wA^�xgX0u�X�`a�mX0xk�<sK`aj�o{f�dqj�u�X ³ dqj r �kTV`eu�T��IdmoIf�dq�mX0j­dmo~dmj�` r X0dqc�otX0j�ophmxk`aj�fpTVX
�8hLcicah4�k`ajV�
X�vnlVcihLxgdqfphLxps!op`iW
bVcadqfp`ahmj�o0ª
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SIT�Xk`iW!dq�LX��®��dmopX r dqbVfphq�®lV`acihmfy`ao¥fpT?b�oy`aWYlVciX0WYX�j<fpX r dmu�u�hmx r `ajV��fph[fpT�X-:'cihnu�� 7+`adm�mx�dqW¡hm�:¬��mbVxgX
� ³
�k`ifpT�fpTVX+b�opX+hm�±dqj�dm`ix�otlCX�X r opX�j�ophmx'dqj r d
u�dmW]X0xgd�dmo�hmjVcasYcadmj r `ajV�
opX�j�ophmx�o ³ dqj r �k` fgT�d
otlCX0u�` ¬�u
u�hmj<fpxghmcacaX�x�xgX��LbVcadqfp`ajV�ÄfpT�X�dq`ax�otlCX�X r X�xgxphLx�dqj r fgxgdLu��?`ijV�ÄfgTVXE`aW!dq�LX­xpX��8X�xgX�j�u�XEu�hLj�otfpxgb�u�fgX r dmo
dm��h4�LXmª

System
Output

system
 dynamics

Image
Reference Landing

Controller

Airspeed
+

Camera

Path
Reference

��`a�mbVxgX �,�y| W!dq�LX��®��dmopX r ��hmj<fpxghmcl:'cihnu��M7+`edq�mx�dqW

��������� � ¼ � ��� ¼ L L ¸ ��� ¸ �%� �$�
SIT�X~` r X0d�hm�¨d��<`eopb�dqc�u�hmj<fpxghmcV�8hmxAdmj!bVj�otfgdq��ciX~l�cadqft�8hmxgW$hq���(�4fpT!hmx r X0xy`ao�u�T�dqcaciX0jV�m`ajV���VbVf�`aW]l�ci`aX0o
d]�LxpX(d4fku�hmj�u�X�xgjK�k` fgT�fgTVX�xghm�Vb�otfpj�X0ogo�hm��fgTVX�ophmcabnfp`ahmj£ª
�+okd�¬�x�otf'fgX�j<fgdqfp`a�mX ³ d]ophmcabnfp`ahmj�`aokopX0dmxgu�TVX r b�op`ij��
hLlnfp`aW!dqc£u�hLj<fpxghmc ³ ��dLotX r hLj�fgTVX[ci`ajVX0dmxp`a²�X r

WYh r X0cVhq�CfpTVXk�LX�TV`eu�caXIWYhqfp`ahmj!dmj r `iW!dq�LXIhmbnfglVbnf� 8X�><b�d4fg`ihLj�o���Z�dqj r ���(¤ ³ cih?hL�<`ajV���8hmx�d+l�bVxpXk�<dq`aj
dmlVlVca`iX r hLjKfpTVX�WYX0dLotb�xpX r hmbVfplVbnf~X0xpxghmx(�

A � =�� � s � �� � � � x  PZmZ<¤
�kTVX0xpX]fgTVXYhmbnfglVbnf � = ? A�B W � B 
 � BDW � B 
 � B W � B 
 � G H `aj�u�cib r X0o�fpT�X]cahmj��m`ifpb r `aj�dmc¥otlCX�X r A¶dqj r

fgTVX��?`eotb�dmcAhLbnfplVbVf 
 ³ `ij«hLx r X�x�fghEdqcacih4� �8hmx�fpTVX�hm��opX�xg�4dq�V`aci`if{s�dmj r u�hmj<fpxghmcyhm�kfpTVX!�8b�cic'�mX0TV`au�ciX
lChLop`ifp`ahmj£ª
SITVXkj�hmjn�®ci`ajVX(dqx r s?j�dqWY`eu�o�hq�CfpT�X~dq`ax��LX�TV`eu�caXI`ao�¬�xgotfyci`ajVX0dmxp`a²�X r b�ot`ajV��fpTVXku�cadLopop`au0dqc<fpX(u�TVjV`@><bVX0o

hm� ��`i�LT<f
WYX0u�T�dmjV`eu�o ³ dmj r d­otfgdqfpX�opl�dLu�X�WYh r X�c'`eo�hm�Vfgdq`ajVX r dqxghmbVj r d­fpxg`iW X ><bV`aca`i�Vxg`abVW o{f�d4fpX
u�hmxgxpX(otlChmj r `ij���fgh�d­otfgdm�V`aci`a²�X r ciX0�mX0ciX r ��`i�LT<f
d4fYd­u�hLj�o{f�dqj<f
dm`ix�otlCX�X r s ; � x[dqj r dqf
dEu�hmj�otfgdmj<f
dmc fg` fgb r Xds-
 � xAdq�Ch4�mX+fpTVX�cedqj r `ijV�YxghLd r dqj r dmci`a�mj�X r �k` fgT�fgTVX�xghLd r d4vn`eo �

���= �*s9;
�]x �N�#" s8;��\x �
SITVXKo{f�d4fgX � =j? A�B C B F�B PQBDRSBDT B ��B^Z}B � B�V)B W�BDY
G H hq�kfgTV`eo
WYh r X0c�`aj�u�cab r X(o�fgTVX�� 7 u�T�dqjV�LX�`aj

�LX�cahnu�`if{s�� = ? A)BDCEBDF�BbPrBDRSB TUG H dqj r � 7¡u�T�dmjV�mX[`aj�l�h<ot`ifp`ahmj��*= ? ��B^Z}B � B�V)B W�BDY
G H hq��fpTVX
dq`axgu�xgdq�©f
dmj r u�dqWYX0xgd��8xgdmWYX0o'�k` fgT�xpX(otlCX0u�f'fghYfpTVX[�LxphLbVj r �8xgdmW]XLªySITVX[`ijVl�bnf�s � x¥`aj�u�cib r X0oIfgTVX �]u�hmj<fpxghmc
opbVxp�Pdmu�X r X ��X0u�fp`ahmj�o�s / y�B / 1 B / 3 xAdmj r fpTVX�X0jV�m`ajVX[fpT�xpb�otf~u�T�dqj��mX0o s / H xpª
SITVX
�?`aopb�dqc�hmbnfglVbnf�`ao�dqceoth�ci`ajVX0dmxp`a²�X r¨³ �8hLx~fgTVX
ogdqWYX�fgxp`aW u�hmj r ` fg`ihLj ³ b�ot`ajV��fpTVX�	mdLu�hm��`admjKhm�

fgTVX�`aW!dq�LX��8bVj�u�fp`ahmj  Phmx�`aj<fpX0xgdLu�fp`ahmj�W!d4fgxp`iv�Z<�m¤~dqj r `aj�u�cab r `ajV��fpTVX]u�T�dqjV�LX[�8xphLW
dq`axgu�xgdq�©f��-:~�
�8x�dqWYX�fphY`aW!dq�mX��8x�dqWYX�s � y x �
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�kTV`eu�T ³ fghm�LX�fpT�X�xI�k` fgT�fpTVX[cahmjV�L` fgb r `aj�dqc�otlCX�X r u�T�dmjV�mX�sbArx ³ �m`a�mX0o'fgTVX�hmbVfplVbnf~X�><b�d4fg`ihLj �� = ��s ;��]B 

�\x �n= � � 
 w

w (hH � y � � � � �  PZ��m¤

�kTVX0xpX � 
 = ? � B^w�BDwXBDwXBDw�B^w GCX�v?fpx�dmu�fgo'fpT�X[¬�xgotfk�mX0cihnu�`if{s�u�hmWYl�hLjVX�j<f(ª
��hmx[d!¬VvnX r dq`axgoplCX�X r dmj r dmc fg` fgb r X ³ fgTVX]hmlnfg`iW!dqcOotfgd4fgX��8X0X r ��dmu��K�Ldq`aj­hm�¥fpTVX]¢nSI|�ops?otfpX0W `ao

hL�nfgdm`ij�X r �k`ifpT�fpTVX���dqfpcedq� �����[�8bVj�u�fp`ahmj�u�hLxpxgX0opl�hLj r `ajV�[fph
fpT�X+WY`ajV`iWY`a²0dqfp`ahmj�hm��d�u�hLotfA�8bVj�u�fp`ahmj
�'X�`a�mT<fg`ijV�
fpT�X�hmbnfglVbnf~X�xgxghmxkdqj r u�hLj<fpxghmc:jVX�X r o��

��=�� �[ � � H�� �*� � H � �	� ���  PZL�L¤

fgTVxghmbV�LT�fgTVX r X�¬�jV` fg`ihLj�hm��fgTVX�dql�lVxphLlVxg`adqfpX���X0`i�LTLfg`ij��
W!d4fgxp`eu�X(o � dmj r �]ª
SITVXkotfgdqfpX'�8X�X r ��dmu����<dq`aj�
 `ao�¬�j�dqcacis[fgxgdmj�ot�8hmxgW]X r `aj<fph�dqj
hmbnfglVbnfyX�xgxphLx±�8X0X r ��dmu����Ldm`ij
b�op`ijV�

fgTVX�l�opX�b r hq�®`ij?�mX0xgopX�hm�±fgTVX�hmbnfglVbnf~W!d4fgxp`iv
� �
�N=�
 � 
 _  PZ Gq¤

��������� !	�]� ¼$� �0� ¼ L L ¸ �
| j]hmx r X0x�fgh�u�dqj�u�X�c<fgTVX~o{f�d4fg`au'X�xgxghmxOdqlVlCX0dmxp`ajV��`ij
fpTVXIlVxgX��?`ahmb�oOophmcabnfp`ahmj]`aj�fgTVX~u�dLotX'hq�:d�u�hmj�otfgdmj<f
�k`aj r�r `eo{fgbVxg��dqj�u�X ³ dmj�X0xpxghmxI`ajLfgX��Lxgdqfphmx � �O�Idmokd rVr X r `ajKfpTVX�lVxgX��?`ahmb�o'lVxghnu�X r bVxgX �� �� �� � � = � � w

� w � � �� � � � � "
w � �' = � � w

w � � � �� � �  PZ�!L¤

SITVX]xgX0opbVc fg`ij���hmlVfp`aWYdmcyo{f�d4fpX��8X�X r ��dmu����<dq`aj­�'dLo+u�hmj?�mX0xtfgX r `aj<fph�dmjEhLbnfplVbVf�X0xpxghmx��8X�X r ��dmu��
dmj r fpTVX0j�fgTVX�wy| r `eopu�xpX�fpX�u�hLjLfgxphLcicaX�xI�Idmo r X r b�u�X r �

������ _ = �������� �%"��rs ���� � � � x
A � = ��� ���� � � �Qs ���� � � � x  PZ��L¤
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| j hmx r X�x�fphRu�hmlCX´�k` fgT6fpT�X´u�T�dmjV�mXE`ij fpTVX´ci`ajVX(dqxg`i²0X r opsno{fgX�W#dmoKdqcifp`ifpb r X�`eo�u�T�dqjV�L`ij�� ³ dqj r
j�dqWYX�casÄ��X(u�dqb�otX�fpTVX 	mdLu�hL�V`admj¶hq�kfgTVX�`aW!dq�LX�`eo�`aj�u�xgX0dLot`ajV� r xgdmWYdqfp`eu�dmcicas��kT�X�j«fgTVXK�mX�T�`au�ciX�`ao
j�X0dqx�fphLb�u�T r h4�kj ³ fgTVX�`aj<fpX�x�dmu�fp`ahmj­W!dqfpxg` v�`eo+u�hmWYlVbnfgX r dqf+X(dmu�TEogdqWYlVcaX�fg`iWYXYdmu�u�hmx r `ajV�Yfph�fpTVX
u�bVxgxpX0jLfkdqcifp`ifpb r X�dqj r fgTVX�dqlVl�ci`aX r �8X�X r ��dmu����Ldq`ajK`aoIbVl r dqfpX r �

A � = � �� � �� � � �� s � �� � � � x   �q�L¤
SITVX���X0`i�LT<fp`ajV��W!d4fpxg`eu�X0o
dqxgX�dqceothEbVl r d4fpX r dmo
dqcifp`ifpb r X�xpX r b�u�X0o�`aj«hLx r X0x�fphE`ij<fpX0�mx�d4fgX!fpTVX

otfpxg`eu�f~u�hLj�o{fgxgdm`ij<f�o�j�X0dqxIfghmb�u�T r h4�kj£ª
C+�?�?`ihLb�opcis ³ T�X�xgX
dq�<dq`aj ³ fpTVX]�?`aopb�dmc�u�hmj<fpxghmc�`ao+hmj�cis��4dqca` r `aj ��`a�mT<f�dmj r `eo[ot�k`ifgu�T�X r h �´hLj�u�X

fgTVX�dm`ix�u�x�d4�©f�T�dLo[cadmj r X r dmj r `ao�xphLcica`ij��KhLjÄfpTVX!�LxphLbVj r  ©fgTVX�u0dmopX]`eo�X�vndLu�fgcisEfpTVX�ogdqWYXY�8hLx�fpTVX
lChLop`ifp`ahmjn�®��dmopX r �?`aopb�dqc£opX�xg�mhL`ij��]ogu�TVX�WYX.¤�ª

� �!�0" �K	��[�O������� �k���K	����

| jÄhLx r X0x�fph­dmcicah4�¡�8hLx�dK�Pdq`ax�u�hmWYl�dqxg`eothLj ³ d�op`iWY`acadmx�otX�fpbVl¶�Idmo[b�otX r �8hmx��ChqfgT«ot`aW�bVced4fg`ihLj�o ³ `aj
dm�mxgX�X0W]X0j<f[�k`ifpT«fpTVXM:'cahnu��~7+`adm�mx�dqW!o[lVxgX0opX�j<fpX r dm��h4�LXmª �~h4�'X��LX�x ³ fpTVX ��`i�LT<f
u�hLjLfgxphLcicaX�x�b�otX r
`aj´fpTVX�l�h<ot`ifp`ahmjn�®��dLotX r ogu�TVX0W]XY`eo�d�¢nSI|[u�hLjLfgxphLcicaX�x�l�xpX0�<`ahmb�otcas r X(ot`a�mjVX r �8hmx�fgTVX�jVhLxpW!dqc ��`i�LTLf
u�hmj<fpxghmc ³ dqj r `ao
b�opX r TVX0xpX r bVxg`ij��­fpT�X�cedqj r `ijV��lVT�dLotX��kT�X�xgX0dmo�fpTVXK`aWYdm�mX��§��dLotX r u�hLjLfgxphLcicaX�x�`ao
r X0op`i�LjVX r opl�X(u�`i¬�u�dmcicas!�8hmx~fpTVX�cedqj r `ij��!lVbVxgl�h<otXLª C+jVX�u�hLj�opX ><bVX�j�u�X[hq�OfpT�`aok`eoIfgT�d4f~fgTVX�ogdqWYlVca`ij��
x�d4fgXAb�opX r �?s[fpTVX'jVhLxpW!dqc	��`a�mT<fyu�hLjLfgxphLcicaX�x�`ao��LX�lnfOfph+fpT�X ��`a�mT<fy�4dqcabVXId4f��0�m�mW!o�  �0� ��²(¤ ³ �kTV`icaX'fpTVX
`aW!dq�LX�lVxghnu�X(opop`ij���dmj r `aW!dq�LX��®��dmopX r u�hmj<fgxphLc<`eoyu�hLWYlVbnfpX r d4f¥d[opdmW]l�ci`ajV�[l�X0xp`ah r hm�CZ<�qW!oI 2�}� �~².¤�ª

SITVX[�8hLcicah4�k`ajV�
cedqj r `ij��Yu�hmj r ` fg`ihLj�ok�'X�xgX�dLopopbVWYX r �

� o{f�dqxpf�d4f$� w}w]� d.�Id.s��8xghmW�fpTVXYfghmb�u�T r h4�kj�lChm`aj<f[hLjEfgTVX!xghLd r ��d4�©fgX�x�d�otfgdq��`ica`i²(d4fg`ihLj�lCX��
xp`ah r¨³ fgTVX�cedqj r `ij���u�hmj<fgxphLc£�'dLo~op�k` f�u�TVX r hLj­d4f � w w]� �8xghmW fpT�X r X0op`axpX r fphmb�u�T r h4�kj ³ �k`ifpT
dqca`i�LjVWYX�j<fI¬�x�o{f�dmj r fgTVX�j r X(opu�X�j<f��

� `ij�` fg`admc±dqcifp`ifpb r X�d4f �]w � xpX��8X�xgX�j�u�X �

� `ij�` fg`admc�dq`ax�otlCX�X r d4f~xgX��8X�xgX�j�u�X�opl�X0X r¨³ X ><b�dmc¨fph � �]� $ 
 ³ �kTV`eu�T�u�hLxpxgX0opl�hLj r o'fgh�dqj­dm`ix�otlCX�X r
d r X�><b�d4fgX��8hmx�fpTVX�dql�lVxph<dmu�TÄlVT�dLotX ³ �k` fgT d­l�` f�u�T d4fpfp`ifpb r X�dmu0u�X0lnfgdm�VciX�bVj<fp`ac�fghmb�u�T r h4�kj
 ©fgTVX�WYh r X�c£otfgdmcic±oplCX�X r `eo~otca`a�mT<fpcas��CX�cah4� �
� � $ 
�¤�ª

S��'hYdmc fg` fgb r X�lVxghq¬�ciX(o��'X�xgX�¬�x�o{f~u�hLj�op` r X0xpX r �

� dqjKb�opb�dqc¨ca`ij�X0dqx r X(opu�X�j<f~d4f~u�hLj�otfgdqj<fkot`ajV�?`ajV�!otlCX�X r¨³ �k` fgTKd]�Lci` r X�otcahmlCX[hq� � r X0�mxgX�X(o ³ dqj r
��dqxgX��8hmxIfghmb�u�T r h4�kj ³ �k` fgT�d�¬�j�dqc¨xgX r b�u�fp`ahmj�hm��dq`ax�otlCX�X r �CX��8hLxpX[�mxghmb�j r u�hmj<fgdLu�f(�

� d�u�hLop`ij�X r X(opu�X�j<f ³ �4dmxps?`ajV��u�hmj<fp`aj?bVhmb�opcas��8xghmW fgTVXK`ijV`ifp`edqc~dmc fg` fgb r X�fph�fphLb�u�T r h4�kj ³ �k`ifpT
dqceoth!dmjKdm`ix�otlCX�X r xgX r b�u�fg`ihLj��8hLxk�mxghmbVj r u�hLj<fgdmu�f0ª
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:'hmfpTYlVxghq¬�caX0oO�'X�xgXkdqj�dmcis?²�X r `aj]fpTVXkcahmj��m`ifpb r `aj�dmcVjVhmWY`aj�dqc�u�dmopX ³ dqj r fpTVX0jYfpTVX~u�hLop`ij�XklVxphm¬�caX'�Idmo
b�otX r ª

SITVX�ot`aW�b�cadqfp`ahmj�xgX0opbVcifgo¥l�xpX(otX0jLfgX r TVX0xpX�dqxgX~hmxg�LdmjV`a²�X r �8hLx�d�otfpX0ln�®�<s<� o{fgX�l�u�hmWYl�dqxg`eothLj]hm�¨fpTVX
f{�'hY�?`aopb�dqc¨u�hmj<fpxghmc£ogu�TVX�WYX(o �

�mªIcihLjV�m`ifpb r `ij�dqcVjVhLWY`ij�dmc ³ �k` fgT!d ��`i�LT<f¥l�d4fgT]`ajYfpT�Xk�mX�xpfp`eu�dmcnlVcedqjVX ³ jVh r `eotfpbVxg��dqj�u�X ��TVX�xgXIf{�'h
otb��n�®u0dmopX0oIdqxgX r X��LhqfgX r fph]fpTVX�u�hmWYl�dmxp`eothLj��CX�f{�'X�X0j�fgTVX[ci`ajVX(dqx~dqj r u�hLop`ij�X�l�xphm¬�ciX(o �
�nªIcadqfpX0xgdmcVjVhmWY`aj�dqc ³ �k` fgTVhmbnf'dqj?s r X(opu�X�j<fAlVT�dmopX�dqj r hLjVcas�fpT�X+u�hLxpxgX0u�fp`ahmj]hq�£dqj!`ajV`ifp`edqc�cadqfpX�x�dqc
X�xgxphLxIhq� �]� �

�VªIcadmj r `ajV�Ej�hmWY`ij�dqc ³ �k` fgT«cadqfpX0xgdmc�u�hLxpxgX0u�fp`ahmj«dmj r«r X(opu�X�j<f�fgh­fphLb�u�T r h4�kj ³ �k`ifpT�hmbnf r `aotfpb�xt�
��dqj�u�X0o��
Z�ªIcadmj r `ajV�Y�k` fgT­u�hLj�o{f�dqj<fI�k`ij r dmj r �mb�otf r `aotfpb�xp��dmj�u�X(o�ª

��cic:fgTVX�u�b�xp�LX0o�T�d.�mX[dmokdm��opu�`aogogd�fpT�X�cahmj��m`ifpb r `aj�dmc r `aotfgdmj�u�X�fgh]l�xpX�fpX�j r X r fphLb�u�T r h4�kjKdqcahmjV�
fpTVX
xghLd r s ) x ³ u�hLxpxgX0oplChmj r `ajV��fgh�op`iW
bVcadqfp`ahmj�o
�k`ifpT dmxphLbVj r ����otX(u�hLj r o
hq�
��`a�mT<f0ªÄ}kX��8X�xgX�j�u�X0o]dqxgX
l�xpX(otX0jLfgX r `aj r dmopTVX r u�bVxp�LX0o ³ op`iW
bVced4fp`ahmjÄhLbnfplVbVf�bVj r X0x��?`aopb�dmcAu�hLjLfgxphLcy`ij«ophmca` r dmj r �CX��8hmxgX!hmx
dq�©fpX0xk�<`eopb�dqc£u�hmj<fpxghmc:`aj r hqftfgX r u�b�xp�LX0o0ª

��� � � 05+#eh482��-,�4 +#$�c +#05%>4D+#$�c � &)g#$ �#4f05"
�����$��� � � ��¸ �n�K½ ¸ �0� ¸ � �
��X�xgX�`ao�lVxpX(otX0j<fpX r dÄjVhLW]`aj�dmc~cadmj r `ajV� ³ `ajRj�h¶�k`ij r£³ j�h¶cadqfpX�x�dqckX0xpxghmx ³ �k`ifpT r X0ogu�X�j<f�dqcahmj��Äd
ca`ajVX0dmx�lVxghq¬�ciX��8xphLW d
o{f�dq�V`aca`i²0X r ��`a�mT<fkd4f��]w � hq��dqcifp`ifpb r X ³ dqca`i�LjVX r �k`ifpT�fpTVX�xghLd r d4vn`ao ³?r h4�kj!fph
fghmb�u�T r h4�kj£ª
SITVX
ot`aW�bVced4fg`ihLj�xpX(otbVcifgo�dqxgX�otTVh4�kj�`aj�¬��mb�xpX�Z ³ �k`ifpT�fpT�X�`iW!dm�mX��®��dLotX r u0dmopX�hmj�fpT�X�ciX��©f+dqj r

fgTVX�lChLop` fg`ihLjn�®��dmopX r u�dLotXYhmj´fgTVX�xg`i�LTLf(ª ��xphLW�fphLl´fph­�ChqfpfphmW dqxgX!lVxgX0opX�j<fpX r fgTVX�dqcifp`ifpb r X�dqj r
dm`ix�opl�X0X r u�b�xp�LX0o ³ dmcihLjV���k`ifpT�fgTVX�`ax'xpX��8X�xgX�j�u�X�lVxghq¬�caX0o ³ fpTVX�lV`ifgu�T�dmjV�mcaX+dmj r fpT�X�f{�'h�cahmjV�L` fgb r `aj�dqc
`ajVlVbVfgo ³ fpTVxgb�otf r X�W!dmj r dmj r X�caX��4d4fghmx r X ��X0u�fp`ahmj£ª
SITVX�dmc fg` fgb r X�lVxphm¬�caX0o r X�WYhLj�o{fgxgdqfpX�d��Pdm`ix'fpx�dmu��?`ajV��hm�£fpT�X�xgX��8X0xpX0j�u�X ³ �k` fgTKd
ci`iftfgciX[cedq�]d4fIfpTVX

otfgdmxtf[hq� r X0ogu�X0jLf ³ otWYh?hqfgTVcas­u�hmxgxgX0u�fgX r �8hLx[��hmfpTÄdq�Ch4�mX � � �´ª�SITVXYdq`axgopl�X0X r lVxphm¬�caX
X�v?T�`i�V`if[fpTVX
`aj)��b�X�j�u�X!hq�'fpTVX r X(opu�X�j<f�hmj�fpT�X�dq`axgopl�X0X r xgX��mb�cadqfp`ahmj ³ �VbVf�fpTVX!xgX��8X0xpX0j�u�X!dm`ix�otlCX�X r `eo�otfp`acicA��X0cic
fgxgdLu��mX r ª

:'hqfgT!fpT�X ��dmxpX�`ij!fgTVX[dqcifp`ifpb r X�lVxghq¬�caX0o�dqj r fpTVX�dq`axgopl�X0X r u�bVxg�mX0oAotX0X�W$fph
��X�WYhmxgX~lVxgX0u�`eopX�`aj
fgTVX�`aWYdm�mX[��dLotX r u0dmopXmª
SITVX�lV` f�u�T�u�b�xp�LX0o¥dmxpXkWYhmxgX~u�hLj<fpx�dmotfp`ajV�'�¨fgTVX�lChLop`ifp`ahmjn�®��dmopX r u�bVxp�LXkX�vnTV`a�V`ifgoAd r ` �:X�xgX�j<f �CdqxgX

�CX�T�d.�<`ahmx~dmj r d]W]hLxpX�j�hm`eots�opX0u�hmj r l�dmxtf(ªASITVX(otX[f{�'h!dmopl�X(u�fgo�dqxgX�l�xpX(otX0jLfk`aj�fpTVX�`ajVlVbVf+u�bVxg�mX(o �
j�dqWYX�cas ³ fgTVX�X�caX��4d4fghmx~u�bVxp�LX�dmlVlCX0dqx�oIdmokophmWYX��kT�d4fkjVhm`eopsmª
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SITVX~dLotlCX0u�f¥hq�CfpTVX�`iW!dq�LXIhmbnfglVbnf� 8T�X�xgXIfpTVX~dmjV�mcaX~dqj r]r `eo{f�dqj�u�XI�8hmxyfgTVXkxg`i�LTLfyca`ij�X(¤ydmxpXkopTVh4�kj
`aj�¬��LbVxgX �nª�SIT�X�u�bVxg�mX(o�dmxpX��LX�xgsKop`iWY`acadmx�`aj�fpT�X�¬�x�o{f+l�dqxpf+hm��fgTVX r X0ogu�X�j<f ³ hLjVcisKfgTVX���dmxpX�²0hmjVX
opX�X0W!o'fphY��X r ` �:X�xgX�j<f0ª
SITVX�dqcifp`ifpb r X+X(o{fg`iW!d4fg`ihLjY�8xphLW$fpTVX+`iW!dq�LX�`aj?�mX�x�op`ihLj� 8¬���ªy�<¤¥dql�l�X(dqx�o¥dmo ><bV` fgX��Lh<h r¨³ �k`ifpT�jVh

�?`eot`a�VcaXyX�xgxphLx¨��X�f{��X0X�j�fpT�X r dmopTVX r ca`ajVX~ 8X(o{fg`iW!d4fgX r dmc fg` fgb r X(¤£dqj r ophmca` r ca`ij�X~ Pdmu�fpb�dmcmdqcifp`ifpb r X(¤�ª�SITVX
ced4fgX�x�dqcnX0xpxghmxyX(o{fg`iW!d4fg`ihLj!`ao¥jVX��Lci`a�m`a�VcaXk`ij!W!dq�LjV`ifpb r X~fpX�xgW!o¥dqj r fpTVX~j�hm`eotX~u�hmWYl�hLjVX�j<fAdmlVl�X(dqxg`ij��
W!d.s�jVhqf��CX�xgX�ced4fpX r fph�fgTVX�jVhL`aops­lV`ifgu�T«dmjV�mcaXmª�| j r X�X r¨³ fpTVX�cihLjV�m`ifpb r `ij�dmc¥jVhL`aopX!`ao r bVX!fgh�fpTVX
cah4�'X�x�x�d4fpX!b�otX r `ijÄfgTVX���`a�mT<f�cahmjV�L` fgb r `aj�dqc�u�hmj<fgxphLcicaX�x ³ �VbVf�fpTVX�dqWYlVca` fgb r X�hm��fgTV`eo�jVhL`aopX ³ hmjVcas
�?`eot`a�VcaX�`ij�fgTVX�otfpX0X�lCX0otf~l�dqxpf~hq�OfpT�X r X0ogu�X0jLf ³ �Idmoku�hmj�op` r X�xgX r dmokdLu�u�X0lnfgdm�VcaX�`ij�fgTV`ao~X�vnlVcahmx�d4fphLxps
X0�4dqcab�d4fg`ihLj��'hmxg�:ª
| j¶fgX�xgW!o�hq�~dm`ixglVcedqjVX�dmbnfphLW!d4fp`euYcedqj r `ajV� ³ fgTVX�lCX�xp�8hmxgW!dqj�u�X!hq�kfgTV`ao�jVhmWY`aj�dqc'u�dLotX�W!d.s´��X

dmj�dqcas?²�X r fgTVxpbÄfgTVX!`aW]l�dmu�f
�mX�xpfp`eu�dmcy�mX0cihnu�`if{s  2ot`ajV�?`ij��­otlCX�X r ¤�dmo�lVxpX(otX0j<fpX r `ajÄ¬��mbVxgX�G ³ �kTV`eu�T
`eo[fgh���X�u�hmWYl�dmxpX r fgh�fpTVX�xgX��LbVced4fp`ahmj´ca`iWY`if�hq��� � $ 
�� ot��dLu �X� "®ª�:�hmfpT¶ophmcabnfp`ahmj�o�dmxpX!�'X�cac¥`aj�op` r X
fgTVX�xgX��LbVced4fp`ahmj�ca`aW]`ifgo ³ �Vbnf[TVX0xpX�dm�Ldm`ij�fgTVX�`aW!dq�LX��®��dmopX r ophmcabnfp`ahmj­opX�X0W!o~fgh��CX
�CX�fpfpX�x ³ �k` fgT�dmj
`aWYl�dmu�fk�mX�cahnu�`if{s�jVX(dqx~�Vª ZmW &qo ³ �kTV`aciX[fgTVX�hqfgTVX�xkhLjVX[X�vnTV`a�V`ifgokdY�4dqcabVX[h4�mX0xI��ª !mW &4o0ª

�����$��� � ¼ �%� �±¸ ½ ¸ �(� ¸ � �
��X�xgX�`eo]lVxpX(otX0j<fpX r d�jVhLW]`aj�dmc�cedqj r `ijV�´dq�<dq`aj ³ `ij jVh��k`aj r¨³ jVhEced4fgX�x�dqcAX0xpxghmx ³ �VbnfYjVh4� �k`ifpT d
r X0ogu�X�j<f�dmcihLjV��d�u�hLop`ijVXkl�xphm¬�ciX~�8xphLW$d�otfgdm�V`aci`a²�X r ��`i�LT<f�d4f � w]� hq�£dqcifp`ifpb r X r h4�kjYfgh�fphLb�u�T r h4�kj£ª
SITVX
ot`aW�bVced4fg`ihLj�xpX(otbVcifgo�dqxgX�otTVh4�kj�`aj�¬��mb�xpX�! ³ �k`ifpT�fpT�X�`iW!dm�mX��®��dLotX r u0dmopX�hmj�fpT�X�ciX��©f+dqj r

fgTVX�lChLop` fg`ihLjn�®��dmopX r u�dLotXYhmj´fgTVX�xg`i�LTLf(ª ��xphLW�fphLl´fph­�ChqfpfphmW dqxgX!lVxgX0opX�j<fpX r fgTVX�dqcifp`ifpb r X�dqj r
dm`ix�opl�X0X r u�b�xp�LX0o ³ dmcihLjV���k`ifpT�fgTVX�`ax'xpX��8X�xgX�j�u�X�lVxghq¬�caX0o ³ fpTVX�lV`ifgu�T�dmjV�mcaX+dmj r fpT�X�f{�'h�cahmjV�L` fgb r `aj�dqc
`ajVlVbVfgo ³ fpTVxgb�otf r X�W!dmj r dmj r X�caX��4d4fghmx r X ��X0u�fp`ahmj£ª
SITVX�dqcifp`ifpb r X�lVxphm¬�caX0o r X0WYhmj�otfpx�d4fgXYdm�Ldm`ij¶dK�Pdq`ax�fgxgdLu��<`ajV��hq�IfgTVX!xpX��8X�xgX�j�u�Xmª �~h4�'X��mX0x ³ fpTVX

cedq�Äd4f]fpT�X�otfgdmxtfYhq� r X0ogu�X0j<fY`eoYo{fg`icac~opW]h?hmfpTVcas u�hLxpxgX0u�fpX r �8hmx]fpT�XK`aW!dq�LX��®��dmopX r u0dmopXKdmj r fgTVX�j
fgTVXKxpX��8X�xgX�j�u�X�`eo�lCX�xp�8X0u�fpcasÄfpx�dmu��mX r¨³ �kTVX�xgX0dLo�fgTVXKl�h<ot`ifp`ahmjn�®��dLotX r u�bVxg�mXKdqceoth­l�xpX(otX0jLf�o
d�otW!dmcic
cedq� r b�xp`ajV�]fpTVX���dqxgX[lVT�dmopXmª�SITVX�dq`axgoplCX�X r lVxghq¬�caX0oIX�vnTV`i��` fkfgTVX�`aj)��bVX0j�u�X�hm��fgTVX r X0ogu�X0j<f~hmjKfpTVX
dm`ix�opl�X0X r xpX0�mbVced4fg`ihLj ³ �Vbnf~�k`ifpT�d
fp`a�mT<fpX0x~u�hmj<fgxphLcC`ajKfpTVX�`aW!dq�LX��®��dmopX r u�dmopXmª
SITVX ��dqxgX�`aj¶fpT�X�dqcifp`ifpb r X�l�xphm¬�ciX�`ao�W]hLxpX�lVxpX(u�`eotX�`ij¶fgTVXK`iW!dq�LX���dLotX r u�dmopX ³ fgTVX�dm`ix�otlCX�X r

l�xphm¬�ciX[`eoIWYhmxgX�l�xpX(u�`eotX[`aj�fgTVX�hqfgTVX�x~u0dmopXmª
SITVX
lV`ifgu�T­u�b�xp�LX0oI�8hLx~fpT�`ao+u�hLop`ajVX r X(opu�X�j<f+dqxgX�WYhmxgX�u�hLj�ot`eotfpX�j<f ³ X��LX�j�fgTVhmbV�LT­othLWYX�jVhm`eotX�`ao

opX�X0j�`ajKfpTVX�otfpX0X�lCX0otf~l�dqxpfkhq��fpTVX r X0ogu�X�j<f(ª¥SITVX0opX[f{��h!dLotlCX0u�fgokdqxgX[lVxgX0opX�j<fk`ijKfpT�X�`ijVl�bnf�u�bVxg�mX(o �
j�dqWYX�cas ³ fgTVX�X�caX��4d4fghmx~u�bVxp�LX�dmlVlCX0dqx�oIdmokdYca` fpfpcaX�jVhm`eops�dq�<dq`aj£ª
SITVX~dLotlCX0u�f¥hq�CfpTVX�`iW!dq�LXIhmbnfglVbnf� 8T�X�xgXIfpTVX~dmjV�mcaX~dqj r]r `eo{f�dqj�u�XI�8hmxyfgTVXkxg`i�LTLfyca`ij�X(¤ydmxpXkopTVh4�kj

`aj�¬��LbVxgX �Vª�SIT�X�u�bVxg�mX(o�dmxpX��LX�xgsKop`iWY`acadmx�`aj�fpT�X�¬�x�o{f+l�dqxpf+hm��fgTVX r X0ogu�X�j<f ³ hLjVcisKfgTVX���dmxpX�²0hmjVX
opX�X0W!o'fphY��X r ` �:X�xgX�j<f�dqj r ophmWYX[jVhm`eopX�`eo~dm�Ldq`aj��?`eot`a�VcaX[`ijKfpT�X�l�h<ot`ifp`ahmjn�®��dLotX r 
��¶u�bVxp�LXmª
SITVX
dqcifp`ifpb r X�X(o{fg`iW!dqfp`ahmjK�8xphLWµfgTVX�`aWYdm�mX�`aj?�mX�x�op`ihLj� ©¬���ª��<¤IdqlVlCX0dmxgokdLo ><bV`ifpX��Lh<h r¨³ �k` fgT�d

�LX�xgs�ca` fpfpcaX~X�xgxphLxO��X�f{��X0X�j]fpTVX r dmopTVX r ca`ijVX
 8X0otfp`aW!d4fgX r dqcifp`ifpb r X(¤ydmj r othLci` r ci`ajVX� PdLu�fgb�dqc�dmc fg` fgb r X.¤�ª
SIT�X�ced4fgX�x�dqc¨X0xpxghmx'X0otfp`aW!d4fp`ahmj�`eokdq�<dq`aj�jVX0�mca`i�L`i�VcaX[`ij�W!dq�LjV`ifpb r X[fgX�xgW!o�ª
| j�fgX�xgWYo�hq�¥dq`axglVcadmjVX�dqbVfphmW!dqfp`eu[cadmj r `ajV� ³ fpTVX
l�X0xt�8hLxpW!dqj�u�X�hq�OfgTVX�`aW]l�dmu�f+�mX�xpfp`eu�dmc£�mX0cihnu�` f{s

`eoklVxgX0opX�j<fgX r `aj�¬��mbVxgXd� �Lªh:'hqfgT­othLcibVfp`ahmj�o~dmxpX��'X�cac£`aj�op` r X�fpTVX�xgX��LbVced4fp`ahmjKca`iWY`ifgo ³ �VbVf��k` fgT�fpT�`ao
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u�hLop`ij�X r X0ogu�X0j<f ³ fgTVX�`aWYl�dmu�f+�LX�cah?u�` f{s�`ao+�CX�cah4����ª ZLW &4oI�8hLx��ChqfpT�othLcibnfg`ihLj�o ³ W!d.s?��X��k`ifpT�d!WYhmxgX
opWYh?hqfpT�u�b�xp�LX�`aj�fpTVX�`aW!dq�mX��§��dmopX r u0dmopXmª

� ��xphLW fgTVX�u�hLWYl�dqxg`aophmj�hm��fgTVX�cahmjV�L` fgb r `aj�dqc�cadmj r `ajV��lCX�xp�8hmxgW!dqj�u�X0ok�k`ifpT�ca`ij�X0dqx�dqj r u�hLop`ij�X
r X0ogu�X�j<f�o ³ `ifA�Idmo r X(u�` r X r fgh�l�X0xt�8hLxpW�fpTVXkxgX�W!dm`ijV`ajV��op`iW
bVced4fp`ahmj�oO�k` fgT�u�hLop`ajVX r X0ogu�X0jLf�oyhmj�cis ³Lr bVX
fgh]fpTVX�WYhmxgX�u�hLjLfg`ij?bVhLb�oIu�bVxg�mX(oI` f~`aWYlVca`iX r dmj r fphYfpT�X�xpX r b�u�X r `aWYl�dmu�fk�mX�cahnu�`if{smª

���b� � $�2S&r"�$�c +-05%>4 +-$zc � &rg-$ �#4f0
"
��X�xgX+`eo'lVxgX0opX�j<fpX r d
jVhmWY`aj�dqc¨ced4fgX�x�dqc:ot`aW�bVced4fg`ihLj ³ `ijKjVh]�k`ij r¨³ d4fkd]u�hmj�o{f�dqj<f'xgX��8X0xpX0j�u�X[dqcifp`ifpb r X ³
dqf��]w]� ³ �k`ifpT�dqjK`ij�` fg`admc£cadqfpX0xgdmcCX0xpxghmxIhm� �]� fph]fpTVX�xg`a�mT<fkhq�±fgTVX�cedqj r `ajV�YxghLd r ª
SITVX­op`aW�bVced4fg`ihLj xgX0opbVc f�o!dqxgXKopTVh4�kjR`ij ¬��LbVxpX �.� ³ �k`ifpTRfpT�X�`iW!dq�LX��®��dmopX r u�dmopX�hmj fpTVX�caX��©f

dmj r fgTVX�l�h<ot`ifp`ahmjV�§��dLotX r u0dmopX�hmj fpT�X�xg`i�LT<f0ª���xphLW fphLl«fphÄ�ChqfpfphmW dqxgX�lVxgX0opX�j<fpX r fgTVX�cadqfpX�x�dqc
lChLop`ifp`ahmjÄX�xgxphLx�dqj r sLd.� X�xgxphLx�dqjV�LciX ³ fpT�XYf{��h�ced4fgX�x�dqcy`ajVlVbnf�o ³ dq`aciX0xphLj´dmj r xpb rVr X�x r X���X(u�fp`ahmj�o�ª
:'hmfpT�ophmcabnfg`ihLj�o�fgdq�LX�fgTVX�dq`axgu�xgdq�©f���dLu��Yfph
fpTVX[xghLd r d4vn`eo��CX��8hLxpX+fpT�X r X0op`ixgX r cadmj r `ajV�
lChm`aj<f ³ �VbVf ³
`ajKfpX0xpW!oIhq�Ou�hLW]l�dqxg`aophmj ³ f{�'h!u�hmj�u�cab�ot`ahmj�o�W!d.s��CX r x�d.�kj��8xghmWµfpTVX(otX�¬��LbVxpX(o �

� d�T?bV�LX�lChLop`ifp`ahmj]h4�mX�x�opTVh?hqf ³ jVX(dqx � � hmxOd �0�L��# ³ `aoOX�v?T�`i�V`ifpX r �?s[fgTVXI`iW!dq�LX��®��dmopX r othLcibnfg`ihLj
�kTVX�xgX0dLo'fpTVX�lChLop`ifp`ahmjK��dmopX r othLcibVfp`ahmjKT�dmoIcaX0ogo'fpT�dmj � 
�� � h4�mX0xgopTVh?hqf(�

� fpTVX r dqWYlV`ajV�!hq��fpTVX�`aW!dq�LX��®��dmopX r othLcibnfg`ihLj�`eo'�Pdqx���X�ftfpX0x�dqj r fgTVX�l�h<ot`ifp`ahmjV�§��dLotX r xgX�W!dm`ij�o
hLogu�`aciced4fg`ij��YdmciWYh<o{fIfp`acac¨fpTVX�X0j r hq��fpTVX�op`iW
bVced4fp`ahmj±ª

w¥xphL��dq�Vcas ³ ��hmfpT u�T�dqx�dmu�fpX�xg`eo{fg`au0o�dqxgX r bVXEfgh fgTVXÄ`ij�lVbnf�hmlnfg`ihLj�o�`iWYlVca`iX r �?s�fgTVXEf{�'h u�hmj<fpxghmc
ogu�TVX0W]X(o �

� `ij hmx r X�x[fgh­X�j�opbVxgX�d��Pdm`ix�`aW!dq�LX!`ij?�mX0xgop`ahmj ³ fpTVX�l�h<ot`ifp`ahmj¶��dLotX r othLcibnfg`ihLj¶b�opX0o�d�u�hmj<fpxghmc
��dmopX r hmj�op` r X��®opca`il WYdmjVh?X�bV�?xgX0o ³ �k`ifpT d´²�X�xgh´xphLcicIxgX��8X�xgX�j�u�XKl�h<ot`ifp`ahmj �KfgTVX�dq`aciX0xphLj dqj r
xpb rVr X�x�`ijVl�bnfgo
dqxgX]�ChqfgT¶b�opX r �8hmx�fgTVXYfpx�d4z{X(u�fghmxgsEu�hLxpxgX0u�fp`ahmj ³ ��bnf�fpT�X�u�hmj<fgxphLc >Lb�dqca` f{s�`ao
xpX r b�u�X r `i�Cu�hmWYl�dmxpX r fph+fpTVXIjVhLxpW!dmc ��`a�mT<fOcadqfpX0xgdmc?u�hmj<fpxghmc ³ WYhLotfpcas���dmopX r hLj
dm`icaX�xghmj�`ajVlVbVfgo
dqj r jVh!op` r X�� otca`il��

� fpTVXk`aW!dq�LX��®��dmopX r othLcibnfg`ihLjY`iWYlVca`iX(oyjVh[`aj<�LX�x�ot`ahmj]dqj r `eoOjVX0dmxpcas�jVhmf¥b�op`ijV��fgTVXkxpb rVr X�xy`ajVlVbVf ³
�Vbnf
fpTVX�xphLcica`ij��­WYhqfp`ahmj¶`eo�opb�u�TÄfgT�d4f
fpTVX r X0u�hmbVlVca`ajV����X�f{��X0X�j«ced4fgX�x�dqcAdmj r cahmjV�L` fgb r `aj�dqc
WYhqfp`ahmj�o r h?X0okjVhmf~o{fgxp`eu�fgcis�dmlVlVcas�dmj<s!cahmj��mX�x(ª
SITV`eo�X�vnlVcadmj�d4fg`ihLj¶hq�IfpT�X�cadqfpX0xgdmc¥��X0T�d.�?`ihLx�W!d.s��CX!�8bVxpfpT�X�x r X�WYhmj�otfpx�d4fgX r �k`ifpTÄfgTVX�cahmjV�L` �

fgb r `aj�dqc'xgX0opl�hLj�otX�fph�fgTV`ao
ced4fpX0xgdmc�u�hmxgxpX(u�fp`ahmj¶dLo�lVxgX0opX�j<fpX r `ij ¬��mb�xpX<�(�Vª­SITVXKdq`axgoplCX�X r u�bVxg�mX0o
opTVh4� fpT�dqfA��hmfpT�u�hmj<fpxghmceoOl�X0xt�8hLxpW d[�mh?h r xgX��LbVced4fp`ahmj]�Vbnf�`ijYfgX�xgWYo¥hq�¨dqcifp`ifpb r X ³ fgTVX~`aW!dq�mX��§��dmopX r
ophmcabnfg`ihLj�`aj r b�u�X0okdYcahLogo'hq� � � ³ �kTVX�xgX0dLoA�8hLxIfpTVX�hmfpTVX0xkhmjVX�fgTVX�cih<opoI`eoIcaX0ogo'fpT�dmjKT�dqci�{ª
SITVX[dmoplCX0u�f'hq�£fgTVX�xp`a�mT<fAca`ij�X+`aW!dq�mX+hmbnfglVbnf�o�dmxpX�otTVh4�kj�`ij!¬��mbVxgX �0Z�ªOSITVX�u�hmj<fpx�dmotfA�CX�f{�'X�X0j

fgTVXIf{�'h[u�hmj<fpxghmcVogu�TVX0W]X(oO`ao¥TVX�xgX~dq�<dq`aj
hL�<�?`ahmb�o ³ �k`ifpTYfpT�XkTV`i�LT!dqjV�LbVcadmxyh4�mX0xgopTVh?hqf�`ijYfgTVXk`iW!dm�mX��
��dmopX r u�dmopX[dqj r fpT�X�cih4� r dqWYlV`ajV�Y`ijKfgTVX�hqfgTVX�x~u0dmopXmª

SITVX]ced4fpX0xgdmc�X0xpxghmx+X0otfp`aW!d4fp`ahmjE�8xphLW fpTVX]`iW!dm�mX�`aj?�mX0xgop`ihLj  ©¬���ªd�U� ³ xg`a�mT<f�¤�X�vnTV`a�V`ifgo[dqj­X�vVdq�q�
�LX�x�d4fgX r hLogu�`aciced4fg`ihLj ³ bVl­fph�d!W!dqv?`aW�b�W hm�¥�qW ³ �kTV`eu�T­u�X0xtf�dq`ajVcas r h?X(o~jVhmf�TVX�cal�fphKo{f�dq�V`aca`i²0X�fpTVX
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WYhmfp`ahmj�`aj�fpTVX
l�h<ot`ifp`ahmjn�®��dLotX r ogu�TVX0W]XLªkSITVX�dqcifp`ifpb r X�X(o{fg`iW!d4fg`ihLj�X�xgxphLx� 8caX��©f[u�bVxg�mX.¤'`ao�u�hLW]l�dqxp�
dqfp`a�mX0cis�opW!dqcac2ª

����� .105%>4 +-$�c cf$�+�,-4 +-e
SIT�`ao�`eo�fgTVX�op`iW
bVced4fp`ahmjÄhm�Id�jVhLWY`ij�dmcAcedqj r `ijV���8xghmW �]w � r h4�kj´fph�fghmb�u�T r h4�kj ³ �k`ifpT«d­u�hLop`ij�X
r X0ogu�X�j<fIdqj r �k`ifpTKdqj�`ajV`ifp`edqcCcadqfpX0xgdmc�X0xpxghmx¥hm� � � ³ �k` fgTVhmbnfIdqj?sY�k`ij r ªySITVX+xgX0opbVcifgo�dqxgX�lVxgX0opX�j<fpX r
`ajK¬��mb�xpX �0��ª
S�hEophmWYX�X�v?fgX�j<f�fpT�X�u�T�dmxgdLu�fpX0xp`eotfp`eu�o[hq�k�ChqfgT u�hLjLfgxphLcAogu�TVX�WYX0o�dqxgX!`ij dm�mxgX�X0W]X0j<f��k` fgT¶fpTVX

l�bVxpXYcahmjV�L` fgb r `aj�dqc¥dmj r cadqfpX�x�dqcyu0dmopX0o0ª
| j�fpTVX�u0dmopXYhq�AfgTVX!lChLop` fg`ihLjn�§��dmopX r ogu�TVX0W]X]TVh4�'X��LX�x�fpTVX
r X0ogu�X�j<f+opX�X0W!o~fgh�o{f�dq�V`aca`i²0X�fpT�X�ced4fpX0xgdmc±WYhqfg`ihLj ³ fpTVX
hLogu�`aciced4fg`ihLj�o~dqxgX ><bV`eu��?cisKxpX r b�u�X r dmj r hmjVcas
dYopW!dqcac¨cadqfpX�x�dqc¨X0xpxghmx'hq� � w���� xpX0W!dq`aj�okd4fIfphLb�u�T r h4�kj±ª
SITVX'`aWYdm�mX'hmbnfglVbnf��8hmx�fpT�X0opX'op`iW
bVced4fp`ahmj�o�dmxpX'lVxgX0opX�j<fpX r `ij�¬��mb�xpX �8Gnª±| j
d�¬�x�o{fOlVT�dLotX ³4r bVxg`ijV�

fgTVXKcadqfpX�x�dqckdmci`a�mjVWYX0jLf ³ fpT�X�`aW!dq�mX��§��dmopX r u�hmj<fpxghmc'T�dqx r cas¶otX0X�W!o
fph´��XKfpx�dmu��?`ajV��fgTVX�xpX��8X�xgX�j�u�X
`aW!dq�LX��Vbnf+fpTVX0j­fpT�X
dqj��mcaX�W��RotX0X�W!okfgh��CX�T�d.�LX ><bV` fgX��'X�cac ³ X��LX�j�fgTVhmb��mT�`if�`eo�caX0ogo~hL�?�<`ahmb�oI�8hmx
fgTVX r `eo{f�dqj�u�X 
��«u�dmopXmª
SITVX�`aWYdm�mX�X0otfp`aW!d4fp`ahmj��8hmx'fpTVX�lChLop` fg`ihLjn�§��dmopX r u�hmj<fpxghmcO ©¬��LbVxgX ��!<¤y`eo'`ij�dq�LxpX0X�WYX�j<fA�k`ifpT�fpTVX

l�xpX0�<`ahmb�o'u0dmopX0o ³ d]�mh?h r dmc fg` fgb r X�dqj r dmj�h4�LX�xp�§h<opu�`icacadqfp`ajV��ced4fgX�x�dqc:X�xgxghmx(ª

���&% � $�+-,-4D+#e 4 +���4D+-, $�+-, e ��(}2
| j�hmx r X�xAfph]T�d.�mX�d�¬�xgotf�X0�.dmcib�d4fp`ahmj�hq�£fgTVX r `aotfpb�xp��dmj�u�X+xphL�Vb�otfpjVX(opo�hq�±fpTVX+f{��h]u�hLjLfgxphLcCogu�TVX0W]X(o ³
d��k`ij r s�cadmj r `ajV��op`aW�bVced4fg`ihLj­�'dLo�xgbVj ³ �8xghmW � w]� r h4�kj­fph�fphLb�u�T r h4�kj ³ �k`ifpT´d�u�h<ot`ajVX r X0ogu�X0jLf
dmj r �k`ifpT´dqj�`ijV`ifp`edqcOced4fgX�x�dqc�X�xgxphLx�hq� � � fph�fpTVX]xp`a�mT<f�hq�¥fgTVXYxph<d r ª[SITVX]�k`ij r u�hLj r `ifp`ahmj�o+�'X�xgX
r X�¬�jVX r �k` fgT �

� d�WYX0dmj]j�hLopX~u�hmWYlChmjVX0j<f¥�k` fgT � � $ 
 ³ �k`ifpT�d � w r X��LxpX0X0oydqj��mcaXIfph�fgTVX~xg`i�LTLf¥hm��fgTVX~cedqj r `ijV�
xph<d r  ©fgTVX­�k`aj r `aj<fpX�j�ot`if{s u�hmxgxpX(otlChmj r o]fph �X��# hm�[fpTVXEdm`ix�u�x�d4�©f�dm`ix�otlCX�X r¨³ xpX0�mbVced4fgX r fph
� � � $ 
 ³ dmj r `ao ><bV`ifpX�op`i�LjV`i¬�u�dqfp`a�mX(¤��

� lVcab�o�dmj d4fpWYh<otlVT�X�xg`auKfgbVxp��bVciX0j�u�X�u�hmWYlChmjVX0j<f�ot`aW�b�cadqfpX r �?s�d*7�xgs r X�j WYh r X0c+�k`ifpT6dmj
`ij<fgX�j�op` f{sÄhm� � � $ 
 ³ �kTV`eu�T ³ `aj d­ogu�dqcaX!�8xghmWOw�fph �\� $ 
 ³ u�hmxgxgX0opl�hLj r o�fph�d�`ij<fgX�xgW]X r `ed4fpX
�mb�otf�u�dLotXLª

SIT�X�op`iW
bVcadqfp`ahmj¶xgX0opbVcifgo]dqxgX�lVxgX0opX�j<fpX r `ij ¬��mbVxgX<�(�VªESITVX�u�hLWYl�dqxg`aophmjÄ�k`ifpT¶fgTVXKjVhmWY`aj�dqc'jVhq�
�k`aj r u�dmopX]`aoH><bV`ifpXYopdqfp`eo{�PdLu�fphLxps ³ fpTVXYdqcifp`ifpb r XYdmj r dm`ix�opl�X0X r xgX��8X0xpX0j�u�X(o+dmxpX��Pdq`axpcasKfpx�dmu��LX r¨³ dqj r
fgTVX+u�hmxgxpX(u�f¥cedqj r `ijV��`ao�X�j�opbVxgX r �8hLxA�ChqfpT�u�dmopX0o ³ �k`ifpT�dqj�`aWYl�dmu�f��mX0xtfg`au0dqc�oplCX�X r  8�ChqftfghmW u�b�xp�LX0o�¤
�CX�cah4�1w�
 �}� $ 
Lª�SITVX�X �CX(u�f�okhq��fpTVX��k`aj r dqj r �mb�o{f r `eotfpbVxg��dqj�u�X0oIdmxpX[TVh4�'X��LX�x'hm�?�?`ihLb�o �

� fpTVXYxg`i�LT<f��k`ajV�K�k`ij r xgX0opbVc f�o�`ajÄd�TV`a�mT�cadqfpX0xgdmc�h4�LX�x�otT�h<hmf~fph�fpT�X]caX��©f�hm�¥fpTVXYxghLd r  8bVl�fph
�]� �8hLxIfpTVX�`aW!dq�mX��§��dmopX r ogu�TVX0W]X�dmj r ciX(opo'fgT�dqj�� � �8hLxkfpTVX[lChLop` fg`ihLjn�®��dmopX r u�hLjLfgxphLce¤��

� fpTVX
�mb�otf+`ajVlVbVf+`eo��?`eot`a�VcaX�`ij­fpTVX]dq`axgopl�X0X r u�bVxp�LX ³ �Vbnf�fpTVX
W]h<o{f�d��:X0u�fgX r opX�X0W!okfph���X�fpTVX
l�h<ot`ifp`ahmjV�§��dLotX r op`ajV�?`ijV�!opl�X0X r¨³ �k` fgT�d]cah4� r dmWYl�X r h<opu�`icacadqfp`ahmj£ª
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SITVX�`iW!dm�mX¥hLbnfplVbVf±�8hmx±fpTVX(otX��k`ij r s�ot`aW�bVced4fg`ihLj�o±dmxpXAlVxpX(otX0j<fpX r `aj�¬��LbVxgX��q��ª � TVX�j
u�hmWYl�dmxpX r
�k`ifpT´fgTVX!jVhq�®�k`aj r u0dmopX ³ fgTVX r `eo{fgbVxp��dqj�u�X]X �CX(u�f�opX�X0WYo ><bV`ifpX!xgX r b�u�X r dmj r fgTVX!`aWYdm�mX]�8X0dqfpbVxgX0o
X�vnTV`i��` f�d]�mcahm��dqc:��X0T�d.�?`ihLxI`ij�dq�LxpX0X�WYX�j<fI�k` fgTKfpTVX r X�fpX0xpWY`ajV`aotfp`eu�u�dLotX(o�ª
SITVX+`iW!dm�mXkX0otfp`aW!d4fg`ihLjY�8hmxyfgTVX�lChLop` fg`ihLjn�®��dmopX r u�hLj<fpxghmc± 8¬��mbVxgX+���(¤�`eoAdqceoph�`ij�dm�mxgX�X0W]X0j<fO�k`ifpT

fgTVX�lVxgX��?`ahmb�oIu�dLotX(o ³ opTVh4�k`ajV�Yd
�Lh?h r dqcifp`ifpb r X�dqj r dqj�h4�LX�xp�§h<opu�`icacadqfp`ajV��ced4fgX�x�dqc:X�xgxphLx0ª

� ������&'	0�����������

| j´fgTVX��'hmxg� r X0ogu�xg`i�CX r `ajÄfpTV`eo�xgX�lChmxpf ³ f{��h�u�hLj<fpxghmc¥ogu�TVX�WYX0o[T�d.�mXY��X0X�j«dmj�dqcas?²�X r `aj´hLx r X�x[fph
opX�fYd�¬�x�o{f]X�vnlVcahmx�d4fghmxgsEX��4dmcib�dqfp`ahmj¶hm��d­�?`aopb�dmc�opX�xg�mhm`ajV��fgX0u�TVjV`@><bVX�dmlVlVca`iX r fphEfpTVX�dqbVfphmW!dqfp`eu
cedqj r `ij��]hm��dYbVj�WYdmjVjVX r dm`ix�u�x�d4�©f� P¯+�±°[¤�ª
SITVX�f{��h�u�cadLopop`au0dqc±dmlVlVxghLdLu�TVX0o ³nr X�¬�j�X r dLokl�h<ot`ifp`ahmjV�§��dLotX r dmj r `aWYdm�mX��§��dLotX r¨³ �'X�xgX�d r dmlnfpX r

fgh]fpTVX�opl�X(u�`i¬�u�u�dLotX��

� dqj]d r X�>Lb�d4fpX'opu�X�jVX'dqj r `iW!dm�mX¥�8X(d4fgbVxpX(o±�'X�xgX�opX�caX0u�fpX r fph[dqcacah4���8hLx�fpTVX'lVxghmlChLopX r hL�nz{X0u�fp`a�mX �

� `ij­fpTVX
l�h<ot`ifp`ahmjn�®��dLotX r u�hmj<fgxphLc ³ dqj�`aWYdm�mX�`aj?�mX0xgop`ihLj��'dLo�opX�fpb�lEdqj r ` f�o�lChLop` fg`ihLj�X0otfp`aW!d4fpX
�'dLoIb�opX r `ijKfpT�X�lVxpX��§X�vn`aotfp`ajV����`i�LT<f�u�hmj<fgxphLc:ogu�TVX0W]X��

� `ij�fgTVX�`aWYdm�mX��§��dLotX r u�hmj<fpxghmc ³ fpT�X r X0op`a�mjKT�d r fph!`aj�u�cib r X�fpTVX
dq`axgu�xgdq�©f r s?j�dmWY`au�u�T�dmxgdLu�fgX�xp�
`aotfp`eu�o�dqj r dYotca` r `ijV�!�<dq`aj�hLlnfp`aW!dqc±u�hmj<fpxghmc:�Idmoku�TVh<otX0j�dmokd
¬�x�otf~xphL�Vb�otfIophmcabnfp`ahmj±ª

| j�fpX�xgW!oAhm�±u�hLW]l�dqxg`aophmjY�CX�f{�'X�X�j�fpTVX+f{��h��<`eopb�dqc:u�hLjLfgxphLc�ogu�TVX�WYX0o ³?r X0oplV`ifpX+fpTVX >Lb�` fgX�u�hmj�op`aotfpX0j<f
xgX0opbVcifgo ³ fpTVX�u�hmj<fpx�dmotfI`aoIhL�<�?`ahmb�o��

� fpTVX+l�h<ot`ifp`ahmjV�§��dLotX r hmx�xpX(u�hmj�o{fgxpb�u�fp`ahmj!dql�lVxph<dmu�TY`eo¥��dLotX r hmj�xghm�Vb�o{f�u�hmj<fpxghmc�W]X�fpTVh r o'dqj r
`ao�b�op`ij��
d�opX�f'hq�£f{�'h�cah4�I�§caX��LX�cCu�hmj<fgxphLcicaX�x�oylVcab�o'd��mb�` r dmj�u�X+u�hmj<fgxphLcicaX�x ³ X(dmu�T�hm�¨fpTVX0W$�k`ifpT
�[`ajLfgX�xgj�dqc�o{f�d4fpX(o ³ �VbV`ac r `ijV��bVl�d�fphmfgdqc�hq�z�U�[otfgdqfpX0o��<�kTVX�xgX0dLo�fpTVX~`aW!dq�LX��®��dmopX r dqlVl�xph<dmu�T]`ao
TVX�xgX�b�ot`ajV��d�op`aW]l�ciX
lVxphLl�hLxtfg`ihLj�dqc±lVcib�o�`aj<fpX��Lxgdmc¨�8X�X r ��dLu����<dq`aj ³ l�xph r b�u�X r `ajEdqj�hLlnfp`aW!dqc
hmbnfglVbnf£�8X0X r ��dmu�� r X0op`i�Lj ³ u�hmxgxpX(otlChmj r `ij���fgh~dqj�`aj<fpX�xgj�dmc r s?j�dqWY`eu�o¨�k`ifpT G� PX�xgxphLx¨`ij<fgX��mx�d4fghmx�¤
o{f�d4fgX0o��

� fpTVX'lChLop` fg`ihLjn�§��dmopX r dql�lVxph<dmu�T[jVX0X r o±fpTVX'u�hLW]l�bnfgdqfp`ahmj�hm�nfpTVX'`iW!dm�mX¥`aj?�mX�x�op`ihLj ³ �kT�X�xgX0dmo£fpTVX
`iW!dm�mX��®��dLotX r hmjVcas�u�hLW]l�bnfpX(o�`aW!dq�LX¥�8X0dqfpbVxgX0o�X�xgxghmx�o �£d���X�ftfpX0xyxphL�Vb�otfpjVX(opo±`ao�fgT<b�o�d.�4dm`icedq�VcaX �

� fpTVX]xghm�Vb�otfpj�X0ogo�hm�yfpTVX���`a�mT<f�u�hmj<fpxghmcOdqj r xpX(u�hmj�o{fgxpb�u�fp`ahmj­ophmcabnfp`ahmj�dqcacih4�~o~fphK�mX�X0lEd�u�hmjn�
o{f�dqj<f+¢nSI|Iu�hLjLfgxphLcicaX�x r h4�kj�fghYfpTVX��mxghmbVj r �nfpTVX�`iW!dq�LX[`ij?�mX0xgop`ahmjK`ao r X�lCX�j r `ijV�!hLj­dY�mh?h r
u�dmci`a�Vx�d4fp`ahmjK�Vbnf�fpTVX0j�` f�o�ophmcabnfp`ahmj�u�h4�LX�x�oIdY�k` r X�x�dqj��mX[`ij­d r WY`aogop`i�VcaX�lChLop` fg`ihLj�o~dqj r dqftfg` �
fpb r X �

� r bVxg`ij��+fgTVX~dqca`a�mjVWYX�j<fydqj r WYhLotfpcas�`aj
fgTVX r X0ogu�X0j<f ³ dLoydqcifp`ifpb r Xku�hmWYX0oOjVX(dqxO²�X0xph ³ fpTVXk`aW!dq�LX
xpX��8X�xgX�j�u�Xy�mX0xps+xgdmlV` r cis�u�T�dqjV�LX0o£dmj r fpTVX¥`aW!dq�LX��®��dmopX r othLcibVfp`ahmj[jVX�X r o±dkopca` r `ajV�~�<dq`aj�ogu�TVX0W]X
fph�d r dmlnf±fgTVX�u�hmj<fpxghmc<dmo¨fgTVXIdq`axgu�xgdq�©f£`ao r X0ogu�X0j r `ajV�~fgh~fghmb�u�T r h4�kj �:fpTVX�`iW!dm�mX��®��dLotX r�r X0op`i�Lj
`ao�d��8b�j�u�fg`ihLjKhm��fgTVX�dqcifp`ifpb r X�dqj r fpT�X�hmlnfg`iW!dqc£u�hmj<fpxghmcacaX�xIW�b�otfk��X�u�hmWYlVbnfgX r hmjV�§ca`ij�X �
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� dmo��8hmx�fgTVXIcadqfpX�x�dqc?X0xpxghmx ³ fgTVXku�hLj<�LX�xg�mX0j�u�X¥²0hmjVX ³ �kTVX0xpXAfpTVXIX�xgxghmx��8X�X r ��dmu���caX0d r o�fph[d+otfgdm�VciX
xpX0�mbVced4fg`ihLj ³ `ao�opWYdmcicaX�x+�8hmx�fgTVX
`aW!dq�LX��®��dmopX r ogu�TVX�WYX�fpT�dmj­�8hmx�fgTVX
`aW!dq�LX�`aj<�LX�x�ot`ahmj��'X0�mX0j
fpTVhLbV�mTKfgTVX�ced4fpX0xgdmc¨X�xgxphLxIX0otfp`aWYdqfpX�`eoklChmcacibnfgX r �?s�fgTVX�xghmcaci`ajV�Yhq��fpTVX�dm`ix�u�x�d4�©f ³ fpTVX >Lb�dqca` f{s
hq��fpTVX�ced4fgX�x�dqc:xgX0u�hLj�otfpxgb�u�fg`ihLj�u�hLj<fpxghmc¨`eoI`ij r X�lCX�j r X0j<f~hq��fpTVX�dmc fg` fgb r Xmª

SIT�X­ot`aW�bVced4fg`ihLj�oYb�opX r fph dqj�dmcis?²�XKfgTVX­u�cahLopX�cih?hml u�T�dmxgdLu�fgX�xg`aotfp`eu�oYdqj r fgTVX­�CX�T�d.�?`ahmxYhq���ChqfgT
u�hmj<fpxghmc<othLcibVfp`ahmj�o�l�X0xpWY`iftfgX r fgh��LX�xg` �8s�dk�Pdm`ix�lCX�xp�8hmxgWYdmj�u�X ³ `ij]dq�mxgX�X0WYX�j<f±�k`ifpT�fgTVXIotlCX0u�` ¬�u0d4fg`ihLj�o ³
dmj r �ChqfpT
opu�TVX0WYX0o£�'X�xgXAdm�VciXAfph~cedqj r fpTVX'dq`axgu�xgdq�©f£`ij�jVhmWY`aj�dqc?dqj r `aj<fpX0xpWYX r `adqfpX¥�k`aj r u�hmj r `ifp`ahmj�o�ª
SIT�X�` r X0d�opX�X0WYo~�8X0dLot`a�VcaX��Vbnf[u�caX0dqxgcas��8bVxpfpTVX0x+otfpb r `iX(o�opTVhmbVc r �CX�lCX�xp�8hmxgW]X r ��X��8hmxgX�dqj?s�hq�¥otb�u�T
ogu�TVX0W]X(oIW!d.s!��X�`aWYlVciX0WYX�j<fpX r hLjKfpTVX�xgX0dmc:dm`ix�u�x�d4�©f(ª
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� �Vxg` �L��" 	Vª }�ª �~²�`ajVTVX0`ix�d ³ w�ªÍ�Äª ¢£hmb�xtfg`iX ³ 	Vª w�ª }kX0j<fpX ³�� }khL�Vb�otf+��hmj<fpxghmc£dmj r (�b�` r dmj�u�X[�8hLx~dY¢£h4�

��hLotf���`a�?`ica`edqj�}~wy°�� ³ E+|t|®fpT�| j<f(ªÍ��hLjn�{ªVhmj�}~wy° & o ³ :'xg`aotfphLc ³ ¯�� ³ ��� �L�
� `ed.�%��!�" 	Vª }�ª �~²�`ajVTVX0`ix�d ³ 	�ª w�ª }kX0jLfgX ³ �Äª (]ª �[X�cacaX�ftf ³�� ¢£hmj��m`ifpb r `aj�dmc+�~bVfphq� ¢±dmj r `ajV�«�8hLx�d ¢£h4�
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`ijE}~hm�Chqfp`eu�o�� ³ |f656
6 S�x�dqj�ogdmu�fp`ahmj�okhLjE}khL��hmfp`eu�o�dqj r ��bnfphLW!d4fp`ahmj ³ °yhLc2ª ! ³ ��ª � ³ 	mbVjVX
��� �<�nª

� xg`i�)� � " w�ª.}k`a�mX(o±dqj r ��ª4��`au�T�X�c ³�� °�`eopb�dqc?^?X�xg�mhL`ijV�k��dmopX r hmj�6¥cica`il�otX��VX0dqfpbVxgX0o�� ³ ^nw¥|f6 ³ :�h<o{fghmj ³
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��X0x������ �Vª

� xg`i�)�m� " w�ªI}k`a�mX(o�dqj r }�ª'wy`eogopdmx r � (�`a��hLcicaX�f�dmj r ¢¥ª'w�X0cicaX�fg`iX0x ³�� ^?X0j�ophmxp�§��dLotX r S�dmop�no ���VxghmW
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fphmj�hmWYhmb�o'�IX�xg`edqc¨}kX��8b�X�ca`ijV��� ³ ��hLjn�{ªnhmj���hmj<fpxghmc:�~lVl�ci`eu�dqfp`ahmj�o ³ �k�'���m�m�<� ³ (�cadLot�Lh4� ³
lVlQ� �(� !q�^�}��Z�� ³ ^?X0l��m�m�<�

¿8À�Á£¿©Â



���@.12=����� 23054����B��,�����,	��4�
 �#,�� 230 4�, 4���4�2 .
� ����!�����
"0 � �

−600 −500 −400 −300 −200 −100 0 100 200
0

2

4

6

8

10

12

14

16

18

20

22
altitude and reference profile

distance along road (m)

al
tit

ud
e 

(m
)

−600 −500 −400 −300 −200 −100 0 100 200
0

2

4

6

8

10

12

14

16

18

20

22
altitude and reference profile

distance along road (m)

al
tit

ud
e 

(m
)

−600 −500 −400 −300 −200 −100 0 100 200
12

13

14

15

16

17

18

distance along road (m)

ai
rs

pe
ed

 (
m

/s
)

−600 −500 −400 −300 −200 −100 0 100 200
12

13

14

15

16

17

18

distance along road (m)

ai
rs

pe
ed

 (
m

/s
)

−600 −500 −400 −300 −200 −100 0 100 200
−3

−2

−1

0

1

2

3

4

5

6
pitch angle vs distance

distance along road (m)

pi
tc

h 
(d

eg
)

−600 −500 −400 −300 −200 −100 0 100 200
−3

−2

−1

0

1

2

3
pitch angle vs distance

distance along road (m)

pi
tc

h 
(d

eg
)

−600 −500 −400 −300 −200 −100 0 100 200
0

2

4

6

8

10

12

14

16

18

20
engine thrust vs distance

distance along road (m)

th
ru

st
 (

N
)

−600 −500 −400 −300 −200 −100 0 100 200
0

2

4

6

8

10

12

14

16

18

20
engine thrust vs distance

distance along road (m)

th
ru

st
 (

N
)

−600 −500 −400 −300 −200 −100 0 100 200
−6

−5

−4

−3

−2

−1

0

1
elevator vs distance

distance along road (m)

el
ev

at
or

 (
de

g)

−600 −500 −400 −300 −200 −100 0 100 200
−3

−2.5

−2

−1.5

−1

−0.5

0

0.5
elevator vs distance

distance along road (m)

el
ev

at
or

 (
de

g)

���������
	���
������������
����������������������������� ������	!���"��	$#
%&	$�'�$(�)*���,+ ���-����	&.0/���#1	!�324��	&56�87"�����:9;�'#1���,������.</���#1	!�
2=�,����+'�87"%&�����
�,����#
%>+�	?��	$#$(')*���
+-54�,���@�
��9-�
�A/B���1�
���C�,+�	D�����,���,�;��	E9��
��F;��	!#?('�����
#,9;	$	$�G('9����
%>+H��������	�(
�
+��
��#I�J��	$�-�����K���;�H	$��	$LM���,���J��	&N�	!%8�
�����PO

Q�QSRUT�V&W8X8W



�L� � �#0'�1�9!���� ���8$-.��
	34#.�<���� ��
���,�� $������

−600 −500 −400 −300 −200 −100 0 100 200
0

10

20

30

40

50

60

70

80
image theta(R) vs distance

distance along road (m)

th
et

a 
(d

eg
)

−600 −500 −400 −300 −200 −100 0 100 200
−20

−10

0

10

20

30

40

50

60

70

80
image theta(R) vs distance

distance along road (m)

th
et

a 
(d

eg
)

−600 −500 −400 −300 −200 −100 0 100 200
−0.1

−0.08

−0.06

−0.04

−0.02

0

0.02

0.04

0.06

0.08

0.1
image rho(R) vs distance

distance along road (m)

rh
o

−600 −500 −400 −300 −200 −100 0 100 200
−0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08
image rho(R) vs distance

distance along road (m)

rh
o

���������
	���
������������
����������������������������� ������	!���"��	$#
%&	$�'�$(�)����+* ���,����	&-/.���#0	!�213��	&45�76"�����98:�'#0���+������-;.���#0	!�
1<�+����*'�76=%>���'�+�
���?#
%@*�	>��	!#>(�)����+*BA�CD���E�
��8B�����GF�CD.H���+�+���BI

J3K�LMJ5N



���@.12=����� 23054����B��,�����,	��4�
 �#,�� 230 4�, 4���4�2 .
� ����!�����
"0 �X�

−600 −500 −400 −300 −200 −100 0 100 200
0

5

10

15

20

25
altitude (dashed) and reconstructed vs distance

distance along road (m)

al
tit

ud
e 

(m
)

−600 −500 −400 −300 −200 −100 0 100 200
−4

−2

0

2

4
x 10

−15 lat. error (dashed) and reconstructed vs distance

distance along road (m)

la
te

ra
l e

rr
or

 (
m

)

��`a�mbVxgXY�,�[¢£hmj��m`ifpb r `aj�dmc�j�hmWY`ij�dqcyca`ijVX(dqx r X(opu�X�j<f ³ `aW!dq�mX]`aj<�LX�x�ot`ahmj��+dqcifp`ifpb r X� 8caX��©f�¤[dmj r cadqfpX�x�dqc
X0xpxghmx[ 8xg`a�mT<f�¤'X(o{fg`iW!d4fg`ihLj

−600 −500 −400 −300 −200 −100 0 100 200
−0.2

0

0.2

0.4

0.6

0.8

1

1.2
sinking speed

distance along road (m)

si
nk

in
g 

sp
ee

d 
(m

/s
)

−600 −500 −400 −300 −200 −100 0 100 200
−0.2

0

0.2

0.4

0.6

0.8

1

1.2
sinking speed

distance along road (m)

si
nk

in
g 

sp
ee

d 
(m

/s
)

��`a�mbVxgX G)�A^?`ajV�?`ijV�!opl�X0X r �8hmxk`aW!dq�LX��®��dmopX r  8caX��©f�¤~dqj r l�h<ot`ifp`ahmjV�§��dLotX r  Pxp`a�mT<f�¤Iu�hmj<fpxghmc¨ogu�TVX�WYX(o

Á�Á Ë�*,+�-/./-



�<� � �#0'�1�9!���� ���8$-.��
	34#.�<���� ��
���,�� $������

−600 −500 −400 −300 −200 −100 0 100 200
0

2

4

6

8

10

12

14

16

18

20

22
altitude and reference profile

distance along road (m)

al
tit

ud
e 

(m
)

−600 −500 −400 −300 −200 −100 0 100 200
0

2

4

6

8

10

12

14

16

18

20

22
altitude and reference profile

distance along road (m)

al
tit

ud
e 

(m
)

−600 −500 −400 −300 −200 −100 0 100 200
12

13

14

15

16

17

18

distance along road (m)

ai
rs

pe
ed

 (
m

/s
)

−600 −500 −400 −300 −200 −100 0 100 200
12

13

14

15

16

17

18

distance along road (m)

ai
rs

pe
ed

 (
m

/s
)

−600 −500 −400 −300 −200 −100 0 100 200
−3

−2

−1

0

1

2

3

4
pitch angle vs distance

distance along road (m)

pi
tc

h 
(d

eg
)

−600 −500 −400 −300 −200 −100 0 100 200
−3

−2

−1

0

1

2

3

4
pitch angle vs distance

distance along road (m)

pi
tc

h 
(d

eg
)

−600 −500 −400 −300 −200 −100 0 100 200
0

2

4

6

8

10

12

14

16

18

20
engine thrust vs distance

distance along road (m)

th
ru

st
 (

N
)

−600 −500 −400 −300 −200 −100 0 100 200
0

2

4

6

8

10

12

14

16

18

20
engine thrust vs distance

distance along road (m)

th
ru

st
 (

N
)

−600 −500 −400 −300 −200 −100 0 100 200
−3

−2.5

−2

−1.5

−1

−0.5

0

0.5
elevator vs distance

distance along road (m)

el
ev

at
or

 (
de

g)

−600 −500 −400 −300 −200 −100 0 100 200
−2.5

−2

−1.5

−1

−0.5

0

0.5
elevator vs distance

distance along road (m)

el
ev

at
or

 (
de

g)

���������
	���
P�P���������,���������������������;���'��� %&��#,����	 ��	!#,%?	?�'�$(U)*���,+:���-����	&.0/���#,	$�-2=��	?56�>7����;� 9;�'#1���,������.</���#1	!�
2=�,����+'�87"%&�����
�,����#
%>+�	?��	$#$(')*���
+-54�,���@�
��9-�
�A/B���1�
���C�,+�	D�����,���,�;��	E9��
��F;��	!#?('�����
#,9;	$	$�G('9����
%>+H��������	�(
�
+��
��#I�J��	$�-�����K���;�H	$��	$LM���,���J��	&N�	!%8�
�����PO

����Q����



���@.12=����� 23054����B��,�����,	��4�
 �#,�� 230 4�, 4���4�2 .
� ����!�����
"0 ���

−600 −500 −400 −300 −200 −100 0 100 200
0

10

20

30

40

50

60

70

80
image theta(R) vs distance

distance along road (m)

th
et

a 
(d

eg
)

−600 −500 −400 −300 −200 −100 0 100 200
−20

−10

0

10

20

30

40

50

60

70

80
image theta(R) vs distance

distance along road (m)

th
et

a 
(d

eg
)

−600 −500 −400 −300 −200 −100 0 100 200
−0.06

−0.04

−0.02

0

0.02

0.04

0.06

0.08

0.1
image rho(R) vs distance

distance along road (m)

rh
o

−600 −500 −400 −300 −200 −100 0 100 200
−0.02

0

0.02

0.04

0.06

0.08

0.1
image rho(R) vs distance

distance along road (m)

rh
o

���������
	���
������������
����������������������������� ������	!���"��	$#
%&	$�'�$(�)����+* ���,����	&-/.���#0	!�213��	&45�76"�����98:�'#0���+������-;.���#0	!�
1<�+����*'�76=%>���'�+�
���?#
%@*�	>��	!#>(�)����+*BA�CD���E�
��8B�����GF�CD.H���+�+���BI

L�L������	��
��



�mZ � �#0'�1�9!���� ���8$-.��
	34#.�<���� ��
���,�� $������

−600 −500 −400 −300 −200 −100 0 100 200
0

5

10

15

20

25
altitude (dashed) and reconstructed vs distance

distance along road (m)

al
tit

ud
e 

(m
)

−600 −500 −400 −300 −200 −100 0 100 200
−4

−2

0

2

4
x 10

−15 lat. error (dashed) and reconstructed vs distance

distance along road (m)

la
te

ra
l e

rr
or

 (
m

)

��`a�mbVxgXd�0�'�A¢£hLjV�m`ifpb r `ij�dqc£jVhLWY`ij�dmc£ca`ijVX(dqx r X0ogu�X�j<f ³ `aWYdm�mX�`aj?�mX�x�op`ihLj �¥dqcifp`ifpb r X� 8caX��©f�¤~dmj r cadqfpX�x�dqc
X0xpxghmx[ 8xg`a�mT<f�¤'X(o{fg`iW!d4fg`ihLj

−600 −500 −400 −300 −200 −100 0 100 200
−0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6
sinking speed

distance along road (m)

si
nk

in
g 

sp
ee

d 
(m

/s
)

−600 −500 −400 −300 −200 −100 0 100 200
−0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6
sinking speed

distance along road (m)

si
nk

in
g 

sp
ee

d 
(m

/s
)

��`i�LbVxgX �}� �¥^?`ajV�?`ij��YoplCX�X r �8hLxk`iW!dq�LX��®��dmopX r  8caX��©f�¤Idqj r lChLop` fg`ihLjn�§��dmopX r  Pxp`a�mT<f�¤Iu�hmj<fgxphLc:ogu�TVX0W]X(o

¿8À�Á£¿©Â



���@.12=����� 23054����B��,�����,	��4�
 �#,�� 230 4�, 4���4�2 .
� ����!�����
"0 ���

−600 −500 −400 −300 −200 −100 0 100 200
−6

−4

−2

0

2

4

6
lateral error vs distance

distance along road (m)

di
st

an
ce

 (
m

)

−600 −500 −400 −300 −200 −100 0 100 200
−6

−5

−4

−3

−2

−1

0

1

2
lateral error vs distance

distance along road (m)

di
st

an
ce

 (
m

)

−600 −500 −400 −300 −200 −100 0 100 200
−12

−10

−8

−6

−4

−2

0

2

4

6
yaw angle vs distance

distance along road (m)

ya
w

 (
de

g)

−600 −500 −400 −300 −200 −100 0 100 200
−15

−10

−5

0

5

10
yaw angle vs distance

distance along road (m)

ya
w

 (
de

g)

−600 −500 −400 −300 −200 −100 0 100 200
−5

−4

−3

−2

−1

0

1

2

3

4
aileron vs distance

distance along road (m)

ai
le

ro
n 

(d
eg

)

−600 −500 −400 −300 −200 −100 0 100 200
−10

−8

−6

−4

−2

0

2

4

6

8

10
aileron vs distance

distance along road (m)

ai
le

ro
n 

(d
eg

)

−600 −500 −400 −300 −200 −100 0 100 200
−0.5

−0.4

−0.3

−0.2

−0.1

0

0.1

0.2

0.3

0.4
rudder vs distance

distance along road (m)

ru
dd

er
 (

de
g)

−600 −500 −400 −300 −200 −100 0 100 200
−10

−8

−6

−4

−2

0

2

4

6

8

10
rudder vs distance

distance along road (m)

ru
dd

er
 (

de
g)

���������
	�����
M�����+	$�
����.:	$*����������M�
	$#+�����@#M)����+* ���,����	&-/.���#+	$��13��	&45�76������ 8H��#+���
������-/.���#+	$��13�
����*'�@6?%>���'�+�
���
#
%@*�	$� 	!#>
�43���+� �
��8G�+��.H���+�+���B(�� � �
	>�@��� 	>�
�
���!(��'� ) 	>�
�
���!(�������	>�
���G�����G�
������	$� ��	��:	$%7�
������#$I

L�L������	��
��



�L� � �#0'�1�9!���� ���8$-.��
	34#.�<���� ��
���,�� $������

−600 −500 −400 −300 −200 −100 0 100 200
0

2

4

6

8

10

12

14

16

18

20

22
altitude and reference profile

distance along road (m)

al
tit

ud
e 

(m
)

−600 −500 −400 −300 −200 −100 0 100 200
0

2

4

6

8

10

12

14

16

18

20

22
altitude and reference profile

distance along road (m)

al
tit

ud
e 

(m
)

−600 −500 −400 −300 −200 −100 0 100 200
12

13

14

15

16

17

18

distance along road (m)

ai
rs

pe
ed

 (
m

/s
)

−600 −500 −400 −300 −200 −100 0 100 200
12

13

14

15

16

17

18

distance along road (m)

ai
rs

pe
ed

 (
m

/s
)

��`a�mbVxgXK�(�,�«¢�d4fpX0xgdmc~fgh cahmjV�L` fgb r `aj�dqc[u�hLbVlVca`ij�� ³ �k`ifpT `iW!dq�LX��®��dmopX r  PciX��©f�¤Kdqj r l�h<ot`ifp`ahmjV�§��dLotX r
 Pxp`a�mT<f�¤�u�hmj<fpxghmc¨ogu�TVX�WYX(o ³ �k`ifpTK�8xghmW fghmlKfphY�ChqftfghmW fpTVX�dmc fg` fgb r X�dqj r dm`ix�opl�X0X r u�bVxg�mX0o0ª

¿8À�Á£¿©Â



���@.12=����� 23054����B��,�����,	��4�
 �#,�� 230 4�, 4���4�2 .
� ����!�����
"0 � G

−600 −500 −400 −300 −200 −100 0 100 200
−15

−10

−5

0

5

10

15

20

25
image theta(R) vs distance

distance along road (m)

th
et

a 
(d

eg
)

−600 −500 −400 −300 −200 −100 0 100 200
−20

−15

−10

−5

0

5

10

15
image theta(R) vs distance

distance along road (m)

th
et

a 
(d

eg
)

−600 −500 −400 −300 −200 −100 0 100 200
−0.1

−0.05

0

0.05

0.1

0.15

0.2

0.25
image rho(R) vs distance

distance along road (m)

rh
o

−600 −500 −400 −300 −200 −100 0 100 200
−0.2

−0.15

−0.1

−0.05

0

0.05

0.1

0.15

0.2

0.25

0.3
image rho(R) vs distance

distance along road (m)

rh
o

���������
	 � � 
 �����+	>�@��� .H	>*����������!( )����+* ���,����	&-/.���#+	$� 1<��	>45�@6B����� 8H��#+���+������-/.���#+	$� 13�
����*��76 %>���'�+�
���
#
%@*�	$� 	!#>(�)����+*BA�CD��� �
��8 ���:� F�CD.H���+�+���BI

L�L������	��
��



��! � �#0'�1�9!���� ���8$-.��
	34#.�<���� ��
���,�� $������

−600 −500 −400 −300 −200 −100 0 100 200
19.2

19.4

19.6

19.8

20

20.2

20.4

20.6
altitude (dashed) and reconstructed vs distance

distance along road (m)

al
tit

ud
e 

(m
)

−600 −500 −400 −300 −200 −100 0 100 200
−3

−2

−1

0

1

2

3

4

5

6

7
lat. error (dashed) and reconstructed vs distance

distance along road (m)

la
te

ra
l e

rr
or

 (
m

)

��`a�mbVxgXd�U�,�A| W!dq�LX�`aj<�LX�x�ot`ahmjK`aj�cadqfpX�x�dqc±xpX(otlChmj�opX �'dqcifp`ifpb r X� 8caX��©f�¤~dmj r cadqfpX0xgdmc£X�xgxphLx� 8xg`i�LT<f�¤IX(o{fg` �
W!dqfp`ahmj

¿8À�Á£¿©Â



���@.12=����� 23054����B��,�����,	��4�
 �#,�� 230 4�, 4���4�2 .
� ����!�����
"0 ���

−600 −500 −400 −300 −200 −100 0 100 200
0

2

4

6

8

10

12

14

16

18

20

22
altitude and reference profile

distance along road (m)

al
tit

ud
e 

(m
)

−600 −500 −400 −300 −200 −100 0 100 200
0

2

4

6

8

10

12

14

16

18

20

22
altitude and reference profile

distance along road (m)

al
tit

ud
e 

(m
)

−600 −500 −400 −300 −200 −100 0 100 200
12

13

14

15

16

17

18

distance along road (m)

ai
rs

pe
ed

 (
m

/s
)

−600 −500 −400 −300 −200 −100 0 100 200
12

13

14

15

16

17

18

distance along road (m)

ai
rs

pe
ed

 (
m

/s
)

−600 −500 −400 −300 −200 −100 0 100 200
−6

−4

−2

0

2

4

6
lateral error vs distance

distance along road (m)

di
st

an
ce

 (
m

)

−600 −500 −400 −300 −200 −100 0 100 200
−6

−5

−4

−3

−2

−1

0

1

2
lateral error vs distance

distance along road (m)

di
st

an
ce

 (
m

)

−600 −500 −400 −300 −200 −100 0 100 200
−0.5

0

0.5

1

1.5
sinking speed

distance along road (m)

si
nk

in
g 

sp
ee

d 
(m

/s
)

−600 −500 −400 −300 −200 −100 0 100 200
−1

−0.5

0

0.5

1

1.5
sinking speed

distance along road (m)

si
nk

in
g 

sp
ee

d 
(m

/s
)

���������
	�����
��J��� ��������� �����������J�
	$#,�����
#�)*���
+A���-����	&.0/���#1	!� 2=��	?56�>7������ 9B��#,���
������.0/���#,	$��24�
����+'�>7G%?���'�,�
���
#
%>+�	$� 	!#?
�54���,� �
��9 �,��/B���,�,���K(������
���
����	�(������
#,9B	?	$�P(������,	?�>��� 	$�,�
���*���;� #,�����'�����-#,9;	$	$�GO

Q�QSRUT�V&W8X8W



Z<� � �#0'�1�9!���� ���8$-.��
	34#.�<���� ��
���,�� $������

−600 −500 −400 −300 −200 −100 0 100 200
−20

−10

0

10

20

30

40

50

60

70

80
image theta(R) vs distance

distance along road (m)

th
et

a 
(d

eg
)

−600 −500 −400 −300 −200 −100 0 100 200
−20

−10

0

10

20

30

40

50

60

70

80
image theta(R) vs distance

distance along road (m)

th
et

a 
(d

eg
)

−600 −500 −400 −300 −200 −100 0 100 200
−0.15

−0.1

−0.05

0

0.05

0.1

0.15

0.2

0.25
image rho(R) vs distance

distance along road (m)

rh
o

−600 −500 −400 −300 −200 −100 0 100 200
−0.2

−0.15

−0.1

−0.05

0

0.05

0.1

0.15

0.2

0.25

0.3
image rho(R) vs distance

distance along road (m)

rh
o

���������
	 ���'
�� ����������� � ����������� ���,����	 �����+8����
#$( 43���E���,����	&-/.���#+	$� 1<��	>45�@606+6B����� 8:�'#0���+������-;.���#0	!�
1<�+����*'�76=#
%@*�	$� 	!#>(�)����+*BA C ��� �
��8 ���:� F C .H���+�+���BI

J3K�LMJ5N



���@.12=����� 23054����B��,�����,	��4�
 �#,�� 230 4�, 4���4�2 .
� ����!�����
"0 ZE�

−600 −500 −400 −300 −200 −100 0 100 200
0

5

10

15

20

25
altitude (dashed) and reconstructed vs distance

distance along road (m)

al
tit

ud
e 

(m
)

−600 −500 −400 −300 −200 −100 0 100 200
−3

−2

−1

0

1

2

3

4

5

6

7
lat. error (dashed) and reconstructed vs distance

distance along road (m)

la
te

ra
l e

rr
or

 (
m

)

��`a�mbVxgX �(!,�~�~hLWY`ij�dmc±cedqj r `ijV��`iW!dm�mX�X(o{fg`iW!dqfp`ahmj ³ �k` fgT�dmc fg` fgb r X� PciX��©f�¤�dqj r cadqfpX0xgdmc±X�xgxghmx� Pxp`a�mT<f�¤
u�hmWYl�dmxpX r �k`ifpT�xpX(dqc¨�4dqcabVX(oI`ij r dLotTVX r ª

Á�Á Ë�*,+�-/./-



Z?� � �#0'�1�9!���� ���8$-.��
	34#.�<���� ��
���,�� $������

−600 −500 −400 −300 −200 −100 0 100
0

2

4

6

8

10

12

14

16

18

20

22
altitude and reference profile

distance along road (m)

al
tit

ud
e 

(m
)

−600 −500 −400 −300 −200 −100 0 100
0

2

4

6

8

10

12

14

16

18

20

22
altitude and reference profile

distance along road (m)

al
tit

ud
e 

(m
)

−600 −500 −400 −300 −200 −100 0 100
12

13

14

15

16

17

18

distance along road (m)

ai
rs

pe
ed

 (
m

/s
)

−600 −500 −400 −300 −200 −100 0 100
12

13

14

15

16

17

18

distance along road (m)

ai
rs

pe
ed

 (
m

/s
)

−600 −500 −400 −300 −200 −100 0 100
−4

−2

0

2

4

6

8
lateral error vs distance

distance along road (m)

di
st

an
ce

 (
m

)

−600 −500 −400 −300 −200 −100 0 100
−5

−4

−3

−2

−1

0

1

2

3

4
lateral error vs distance

distance along road (m)

di
st

an
ce

 (
m

)

−600 −500 −400 −300 −200 −100 0 100
−1

−0.5

0

0.5

1

1.5
sinking speed

distance along road (m)

si
nk

in
g 

sp
ee

d 
(m

/s
)

−600 −500 −400 −300 −200 −100 0 100
−0.4

−0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4
sinking speed

distance along road (m)

si
nk

in
g 

sp
ee

d 
(m

/s
)

���������
	 ����
�� �������-�������������:�
	$#,�����
# )*���,+ ���-����	&.0/���#1	!� 24��	&56�>7 ���;�-9;�'#1���,������.</���#1	!� 24�
����+'�>7 %?���'�,�
���
#
%>+�	$� 	!#?
�54���,� �
��9 �,��/B���,�,���K(������
���
����	�(������
#,9B	?	$�P(������,	?�>��� 	$�,�
���*���;� #,�����'�����-#,9;	$	$�GO

����Q����



���@.12=����� 23054����B��,�����,	��4�
 �#,�� 230 4�, 4���4�2 .
� ����!�����
"0 Z	�

−600 −500 −400 −300 −200 −100 0 100
−20

−10

0

10

20

30

40

50

60

70

80
image theta(R) vs distance

distance along road (m)

th
et

a 
(d

eg
)

−600 −500 −400 −300 −200 −100 0 100
−20

−10

0

10

20

30

40

50

60

70

80

90
image theta(R) vs distance

distance along road (m)

th
et

a 
(d

eg
)

−600 −500 −400 −300 −200 −100 0 100
−0.25

−0.2

−0.15

−0.1

−0.05

0

0.05

0.1

0.15

0.2
image rho(R) vs distance

distance along road (m)

rh
o

−600 −500 −400 −300 −200 −100 0 100
−0.25

−0.2

−0.15

−0.1

−0.05

0

0.05

0.1

0.15

0.2
image rho(R) vs distance

distance along road (m)

rh
o

���������
	�����
�� ���:� �9� ����������� ���,����	 �����+8����
#$(�43���"���,����	&-/.���#+	$�E13��	&45�@6+606"����� 8:�'#0���+������-;.���#0	!� 1<�+����*'�@6
#
%@*�	$� 	!#>(�)����+*BA�CD��� �
��8 ���:� F�CD.H���+�+���BI

L�L������	��
��



ZLZ � �#0'�1�9!���� ���8$-.��
	34#.�<���� ��
���,�� $������

−600 −500 −400 −300 −200 −100 0 100
0

5

10

15

20

25
altitude (dashed) and reconstructed vs distance

distance along road (m)

al
tit

ud
e 

(m
)

−600 −500 −400 −300 −200 −100 0 100
−6

−4

−2

0

2

4

6
lat. error (dashed) and reconstructed vs distance

distance along road (m)

la
te

ra
l e

rr
or

 (
m

)

��`a�mbVxgX���� � � `ij r sÄcadmj r `ajV�­`aWYdm�mX�X0otfp`aWYdqfp`ahmj ³ �k`ifpT dmc fg` fgb r XÄ 8caX��©f�¤�dmj r cadqfpX0xgdmcAX�xgxghmx� Pxp`a�mT<f�¤
u�hmWYl�dmxpX r �k`ifpT�xpX(dqc¨�4dqcabVX(oI`ij r dLotTVX r ª

¿8À�Á£¿©Â



Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)

Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)

Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)

Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)

Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)��������� �	��
�


���������� ��� ���

ISSN 0249-6399


