
HAL Id: inria-00072732
https://inria.hal.science/inria-00072732

Submitted on 24 May 2006

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

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

A 2D-3D Model-Based Approach to Real-Time Visual
Tracking

Eric Marchand, Patrick Bouthemy, François Chaumette

To cite this version:
Eric Marchand, Patrick Bouthemy, François Chaumette. A 2D-3D Model-Based Approach to Real-
Time Visual Tracking. [Research Report] RR-3920, INRIA. 2000. �inria-00072732�

https://inria.hal.science/inria-00072732
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
39

20
--

F
R

+
E

N
G

ap por t  


de  r ech er ch e 


INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

A 2D-3D Model-Based Approach
to Real-Time Visual Tracking

Éric Marchand, Patrick Bouthemy and François Chaumette

N˚3920

Mars 2000

THÈME 3





� ��������� 	 
���
�����������
�� ��������
��� "!
# 
 $%
�������&('*) 
,+-'*�/.����0&1���� 32�'54�6

7�8:9<;>=@?A8:;CB�?�DFE3GIHKJL?NMO8:9<;CPRQ�SUT/MOBFVXW1YR?AD�E[ZF8\?AD�]^SU9<_a`bB�?�TFWcV^M:M:V

d�eNf5gih�j�k lnm^oph5qprCstopuwvCmxeNvCgig�htyzg{rCs�e|uwmNh~}
u�g{r~��h*�5}|�Nv�m|mN�*h5�*}As*v�m|m�rCuw���prCm|s*h*�

��q�v���h5o���uw��opr
��rC�N��v�q�o��|h�q�h*s�eNh5q�s�eNh�m��^j��^�~��k ��rCq��L�C������k j��b��rC�Ch*�

�a���5�:���N�C�^� � hx�|q�h*��h*m^o{rCm vCq�uw�Cuwm�rC¡¢gihtopeNvX�c£¤v�q¥opq�rCs�¦IuwmN�N}¢uwm§r¨giv�m|v©s5ªN¡«rCq
uwgirC��h¬��h5­Xª|h*mNs5hC}�s*v�g��N¡�ht®1v�¯X��h5s5o��±°�eNuws�e²s*rCm³¯�harC�|�Nq�v:®©uwgir~oph5¡�´�g�vX�Nh*¡�h*�1¯I´µr
�¶v�¡·´XeNh*�Nq�rC¡���eNrC�¶h~¸Rlzo�s*v�m|��uw�|h*q��¬on°¢v³��o�h*�N��vC£��C¡wv�¯�r~¡¹opq�rCmN��£¤vCq�gir~opu�v�mº}"opeNh�»�q���o
v�mNh¨v���h*qpr�opuwm|�²uwmRope|hµ�~¼½����rCs*h1rCm|�@o�eNh¨��h*s5v�mN�¾v�mNh�uwm¿o�eNh1j�¼½����rCs5hC¸Àd�eNh
»�q��Áo��Áoph*��uw��rC¯N¡�hÂo�vieNrCmN�N¡�h�¡wrCq���h��|uw���|¡«rCs5h*g�h*m^op��vC£�o�eNh�v�¯X��h*sto��Nq�v���h*stopu�v�mxu�mÃo�eNh
uwgirC��hC¸�lnmÂu�mIÄCv�¡�ÄCh*�År��C¼²giv~opuwvCm�givX�Nh5¡�h*�Áopuwgir~o�h*��¯^´Âr�q�v�¯|ªN��o/�Áo�r~o�uw��o�uws*rC¡Cg�h5o�eNv©�U¸
d�eNh*mº}A°¢h±q�ht»�mNh�opeNh�¡wvXs:rC¡�uwÆ*r~opu�v�mavC£FopeNh�v�¯X��h*sto���uw¡�eNv�ªNhto�oph�¯^´�h5Ä~rC¡�ª�r~opu�mN�bopeNh±j�¼
��rCqpr~gihtoph*q��3q�h5¡«r~o�h*�±o�v�opeNh¹v�¯X��h*sto��¶vC��hÇ¯^´±o�eNh�u�o�h*q�r~opu·Ä�h*¡·´Âgiu�mNuwg�uwÆ5uwmN��r�m|v�mN¡wu�mNh:r~q
s*v��Áo�£¤ªNmNstopuwvCmº¸�lzoÂrCu�gi�Lr~o�giv\ÄXuwmN�iopeNh¥�|q�v���h5s5opu�v�mÈvC£"o�eNh¥s5v�m^opv�ªNq���vC£"ope|h¥v�¯X��h5s5o
É¹Ê ¼Ëg�v©�Nh5¡�opvµo�eNh�����r~opuwrC¡�uwm^oph5mN��u·on´§��qprC�|uwh*m^o��{uwm§opeNh�uwgirC��hC¸¿d�e|hÈ�Nq�vC�¶v���h*�
opqpr~s�¦Xu�mN��g�h5ope|v©�Âuw�Uq�h:r~¡·yzo�uwg�hF°�eNu�¡wh3¯�h*u�mN��q�h5¡wuwrC¯N¡wh�rCmN�Âq�vC¯NªN��o/q�h*­IªNu�q�h*g�h*m^o��*¸3��h:r~¡
opqpr~s�¦Xu�mN�1ht®©�¶h5q�u�gih5mIo��{r~mN�0q�h*��ª|¡�op��h*g±¯¶h5�N�Nh*� uwm r¨ÄXu���ª�rC¡���h*q�ÄCv�uwm|�µ��v���u·opuwvCmNuwmN�
o�rC��¦�rCq�h�q�h*��v�q�o�h*�º¸
ÌxÍ^ÎUÏ�Ð¥Ñ ��ÒF�C� ��uw��ªNrC¡�opq�rCs�¦IuwmN�|}Åg�vCo�uwv�m�h5��opu�g{r�opuwvCmº}U��v���h¬s5v�gi�|ª|o�r~o�uwv�mU}ºÄ©u���ª�r~¡
��h*qÁÄ�v�u�mN�

ÓÕÔFÖn×nØ\Ù�Ö�ÚFÛ·×nÜ<Ý5Þ

ß�àAáãâåätæ çÂètáãäzé~èëê�ì~íFâåáãâåîãèOæ ïÕá

Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)

Téléphone : 02 99 84 71 00 - International : +33 2 99 84 71 00
Télécopie : 02 99 84 71 71 - International : +33 2 99 84 71 71



�i.�'��i'³�F
��Ã.�� # 
 ���n
��	�º
 # � 
�4 # 
�) �Ã�U�|��
�
��
�
.Ã4�
 �������F
i "!�
 !�������'5��
 ���������

��� ����� � � ¼�rCmN�¢s*hto�rCq�o�uws5¡whC}ImNvCªN�Ç�Nq��*��h5m^opv�mN��ª|mNh�g��5o�eNv©�|h�v�q�uw��u�m�rC¡wh��|h���ªNu·ÄXu
��� vC¯X��h5o���s5v�g��N¡whë®|h5�ÂrC�N�Nq�v:®|u�g{r�opu�ÄCh*g�h*m^o�g�vX�N�*¡�uw���5����rCq�ªNmNhb£¤v�q�g�h¥��v�¡�´C�*�Nq�uw­IªNh~¸
��¡�¡wh¥h5mNs�e�r��wmNh¬�Nh*ªX®¨�5oprC�¶h5�Â�Nhbopqpr~mN��£¤v�q�g{r�opuwvCmÈ��¡wvC¯�rC¡wh~}U¡wr��|q�h*g�uwf5q�h���s*rCqprCstopf5q�h
�C¼±}�¡«r���h5s*v�m|�Nh��1s:rCq�rCs5o�f*q�hxj�¼±¸ ��m0�Nq�h*g�uwh*q¬q�h*s:r~¡«rC��h��NhÃ¡«r���uw¡we|v�ªNh5o�oph���ª|u�ÄXuwh~}
�¶v�ª©ÄCr~mIo�rC�N�|q��*e|h*mN�Nh5q"�Nh*�F��qpr~mN�N���|�*�N¡wrCs*h5gih5mIo��*}�h5��o"q��:rC¡�uw���KÄXu«r�¡!� h*�Áopuwgir~o�uwv�m���� ªNm
givX�Nf*¡�h��C¼¿�Nh�g�v�ª|ÄCh*g�h*m^o ��¡!� rCuw�|h¹��� ªNmNh�g��5ope|v©�Nh¹q�v�¯Nª|��oph~¸#"�q%$Cs5h&��s*h5o�oph��Ne�r~��h
��� u�mNu�o�u«rC¡�uw��r~opu�v�mº}:mNvCªN�"�¶vCª|Ä�v�m|�Kh5mN��ª|u�oph��tÄ~rC¡wªNh5q3¡wh5�3��rCq�rCg�f5opq�h*�3�'� ªNm|h�o�qprCm|��£¤v�q�g{r�y
opuwvCmaj�¼ ��r~q¹¡«r�giu�mNuwg�uw��r~opu�v�m¥u�o��*q�r~opu·Ä�h��'� ªNm|h�£¤v�mNstopuwvCma�Nh�s5v)(|o�mNvCma¡wu�mN�:rCu�q�h~¸*�"¡w¡�h
s*v�mN��uw�Áoph+�>��v���u·opuwvCmNmNh*q�rCª§g�uwh*ªX®§¡«r��Nq�vO��h*s5o�uwv�m �Nh*�{rCq-,toph5�iÄXuw��uw¯N¡�h*�¬�Nª0g�vX�Nf*¡�h
É¹Ê/. �Nh¬¡!� v�¯X��hto���ªNqÂ¡wh5��s5v�m^opq�rC��o�h*����� u�m^oph*m|��u�o��¬��rCmN�Â¡!� uwgirC��h~¸�0/r�gi�topeNvX�Nhb�Nq�v~y
�¶v����*hb��h*q�gihto�ªNm¨��ªNu·ÄXu�»ArC¯N¡�h¥h5o�q�v�¯Nª|��ophbh5m�oph*g��N��q��*h*¡�s*v�g�gih±¡wh±g�v�m^opq�h*m^oÂ¡wh5�
q��*��ªN¡�opr~op���|q��*��h*m^op�5�*¸
1 Ñ �O� Ï �32 � �54 ªNu�ÄXu }�h*��o�uwgir~opu�v�m��Nªxgiv�ª©Ä�h*g�h*m^o*}�s*rC¡ws5ªN¡��Nh��¶vC��hC}�rC����h5q�ÄXuw����h*g�h*m^o
Ä©u���ªNh5¡



���������	��

����������������������� �"!#����$#%'&��)(*�������,+.-0/1�324-5��67���8+9!:��$#;�-0<�= j

> ? 4 # �F
���.Ã # '5
�4

� hÃrCq�h��Nh:rC¡�uwmN�È°�u·opecopeNh�o�qprCs�¦Iuwm|�1v~£�s5v�gi�|¡wht®³v�¯X��h5s5op��uwm§r�g�v�mNvXs*ªN¡wrCq¥uwgirC��h
��h*­IªNh5mNs*h~¸ � h¨s*v�mN��uw�Nh5q�v�¯X��h5s5op��°�eNu�s�e¾s*rCm¾¯�h¨rC�N�|q�v:®©uwgir~oph5¡�´ givX�Nh*¡�h*� ¯^´ r
�¶v�¡·´XeNh*�Nq�rC¡���e�rC��hC¸�d�eNh�rCuwgÀuw�KopvbªN��h���ª|s�e�r�o�qprCs�¦Iu�mN�bgihtopeNvX�{°�u·opeNu�mar¥q�vC¯¶vCo�uws5�
s*v�m^ophë®Xo:¸c�xvCq�h��Nq�h*s*u���h5¡�´�}�°¢h�rCq�h�s5v�mNs*h5q�mNh5� °�u·ope³ope|haÄ©u���ª�r~¡Ç��h5q�Ä�vCuwmN�A@CB\j	D�r~�©y
�Nq�v^r~s�e¨o�e�r~oÂs5v�mN��u���o���uwm�s*vCmIo�q�v�¡�¡wu�mN�io�eNhbgiv\ÄCh*g�h*m^op�ÂvC£¢r�q�v�¯�vCo�°�u·ope�q�h*����h*stoÂopv
uwgirC��h¹u�m|£¤v�q�g{r~o�uwv�mU¸�d�eNuw��uw��vC£U¦~h5´bu�m^oph*q�h*�ÁoK£¤vCq3ht®|rCg��N¡wh�u�m¬r�eNv���o�uw¡�hÇh*m^ÄXuwq�v�mNg�h*m^o
rC�¹r�mIªNs*¡�h:rCqK�¶v\°¢h*qK�N¡«r~mIo*¸3lz£�g�v���oKvC£UopeNh�s*v�m^o�q�v�¡Auw����ªNh5�ÇrCq�hLm|vO°0°¹h5¡w¡�¦Xm|vO°�marCmN�
q�v�¯Nª|��o3s5v�m^opq�v�¡I¡«r:°���s*rCm±¯�h¹�Nht»�mNh5�¥opv���h*qÁ£¤v�q�g(��v���u�opu�v�mNu�mN��v�qF�CqprC���NuwmN��o�r~��¦I�*}Co�eNh
¡«rCs�¦bvC£ºq�h:r~¡w¡�´¥hFE�s*u�h*m^o�uwgirC��h��|q�vXs*h*����u�mN�±opvXv�¡��¢r~�N�¶h*rCq��¹rC�¢o�eNh�g{rCu�mi��eNv�qÁops*vCgiu�mN�
vC£"opeNh5��h¥o�h*s�eNmNu�­IªNh*��£¤v�q�r{°�uw�Nh5q�ªN��hC¸Âlnm���rCqÁopu�s*ªN¡wrCq*}A��h*q�£¤vCq�g�uwmN��opeNh±o�qprCs�¦Iu�mN�avC£
opeNhLv�¯X��h*stoÇvC£ºuwm^oph5q�h*�Áo¹°�u·ope{q�h*���¶h5s5oÇo�v�ope|h�q�vC¯¶vCo�uws5�KoprC��¦I�¹o�v±¯�h�rCs�eNu�h5ÄCh*��uw�¢r�m|vCo
opvXvLq�h*��o�q�u�s5oph5�¥��u·opª�r�opuwvCmº}~q�h*girCuwm|�Fr~m¥v���h*m±u�����ªNhC¸3lnm|�Nh*h5�º}Copv�£¤ªN¡�»N¡w¡�ÄXuw��ª�rC¡X��h*qÁÄ�v�u�mN�
q�h*­IªNu�q�h5gih5mIo��*}�uwgirC��h�£¤h*r~opª|q�h�ht®Xopq�rCs5o�uwv�mxg¥ªN��oL¯�h�q�v�¯NªN�Áo:}�rCs*s5ªNqpr�oph�h*mNv�ª|��eº}¶rCmN�
s*v�g��Nª|o�h*��uwm�q�h*rC¡·yãopu�gih�G r~o�¡�h:rC�Áo�r~o�opeNhÂeNu���eNh5��o��¶vC����u�¯N¡wh�q�r~oph,Ht¸

r ¯ s
I�uw��ª|q�h3BKJ¥dÅqprCs�¦Iuwm|��£¤h:r~o�ªNq�h5�±£¤v�qÂÄXuw��ªNrC¡¢��h*qÁÄ�v�u�mN�Èq�vC¯¶vCo�uws¬o�rC��¦I��JbopeNq�h*hi¡wh5ÄCh*¡��±vC£
s*v�g��N¡whë®©u�on´AG<r H�o�qprCs�¦Iu�mN��r~q�opu·»�s*uwrC¡"¡«r~mN�NgirCq�¦I�LG¤°�eNu·oph��NvCo��#H�£¤v�q�rx��q�rC���Nu�mN��o�rC��¦
G<¯MH¥opq�rCs�¦IuwmN�>����h*s*u·»�s��Ch*v�g�h5o�q�uws*rC¡Ç£¤h:r�opªNq�h*�NG¤h*¡�¡wuw�|��hÃrCmN� ��h*�Cgih5mIo#HOG¤s�H¥opqpr~s�¦Xu�mN�
s*v�g��N¡whë®�v�¯I��h*s5o���G<rbs*v�mNm|h*s5o�v�q#HÇu�mxr¥o�ht®XopªNq�h*�xh*m^ÄXuwq�vCmNgih5m^o:¸
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vC£�ÄXuw��ªNrC¡©��h*qÁÄ�v�u�mN��oph5s�eNmNuw­IªNh5�*}I��ª|s�e�q�h*�Áopq�u�s5o�h*�bs*vCm|»���ªNq�r~opu�v�mN�Fg¥ªN��o3¯¶h�r~¡w¡whtÄXu«r~o�h*�º¸
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gihtopeNvX�N��ªN��ªNrC¡w¡·´a��ª|�N�N¡wu�h*��q�vC¯NªN��oL��vC¡wª|o�uwv�mN� G £¤v�q�ht®|rCg��N¡�hC}�u�o�s*rCmÃs*v���h�°�u·ope���rCq y
opu«r~¡^v©s5s*¡wª|��uwvCm�vC£|opeNhKv�¯X��h5s5op� Ht¸��¢vCope�opqpr~s�¦Xu�mN��r~�N�Nq�v�rCs�eNh*��g{r:´ÂªN��h��ÂrC¡wgirCm�»�¡·oph*q��
opv��Nq�h5�Nuwsto�rCmN�1��g�v©vCo�eN¡�´�h*�Áopuwgir~o�h¥opeNh¬��v���u·opuwvCm�vC£¹o�eNhbopqpr~s�¦Ch*�µ�Nq�u�giu·opu�ÄCh*��v\ÄCh*q
opuwg�hC¸

lnmÃv�ªNq�s*rC��h~}�°¢h±r~uwg%r�oL�|h*��u���mNu�mN��rbo�qprCs�¦Iu�mN�ig�h5o�eNvX�Ã£¤ªN¡·»�¡w¡�uwmN��opeNhÂ£¤v�¡�¡wv\°�uwmN�
�Nq�v���h*qÁopu�h*�±vCq¥s*v�m|��opq�rCuwm^o���J�u�o¥��eNv�ªN¡��²¯¶hi£<rC��o¥rCmN�²q�vC¯NªN��o*}"u�o±��eNv�ª|¡w�²q�h5­IªNuwq�hamNv
�Nq�u�v�q�¡wh:r~q�mNu�mN�±�Áoph*�U}|u�o¢��e|v�ªN¡w�imNvCo¹uwm^Ä�v�¡·Ä�h�rCm^´{s5v�gi�|¡wht®¬£¤h*r~opª|q�h�hë®Xopqpr~s5opu�v�mNG¤��ªNs�e
rC��s*v�m^opvCªNqLhë®Xopqpr~s5opu�v�mÃrCmN�x¡wuwm|¦Xu�mN� Hë¸3d�eNh*q�h5£¤v�q�hC}A°¹h�e�r:Ä�h��NhtÄ�h*¡�v���h*�Èr~m! neI´X¯Nq�uw�#"
�C¼�y jC¼[givX�Nh5¡·yn¯NrC��h5�arC�N�|q�v^rCs�eao�e�r~o¢q�h5¡wuwh5�¹¯�vCope{v�m{ope|h�h*�Áopuwgir~o�uwv�m�vC£ºo�eNhÂ�C¼[vC¯©y
��h*s5o±giv~opuwvCmµrCm|�³vC£�ope|h�j�¼ ��v���hivC£�ope|h{v�¯X��h5s5o*¸Èlzo¥��ªN�N�N¡�uwh*�±rx£<rC�ÁobrCmN�µq�v�¯Nª|��o
opqpr~s�¦Xu�mN��vC£¢s*v�g��N¡�ht®�v�¯X��h*stop��°�eNu�s�e1s*rCm1¯¶h¬rC�|�Nq�v:®©uwgir~oph5¡�´Ãg�v©�Nh5¡wh5��¯I´�ra�¶v�¡·´^y
eNh*�Nq�rC¡U��e�rC��hC¸K�xvCq�h��Nq�h*s5uw��h5¡�´C}|uwmar�»�q��Áo���o�h*�º}©opeNh�vC¯X��h*sto�uwgirC��h�giv~opuwvCm{¯�h5on°¢h*h*m
on°¹vÈ��ªNs*s5h*����u�ÄCh�uwgirC��h5��u���q�h*�Nq�h*��h5m^oph*�c¯^´>r��C¼ r	E�mNh{g�vCopu�v�m1givX�Nh*¡ ¸�d�eNuw�¥�C¼
givCo�uwv�m�givX�Nh5¡|uw��h*��o�uwgir~oph5�º}�ªN��uwmN��r�q�v�¯NªN�Áo���o�r�opuw�Áopu�s:rC¡XgihtopeNvX�º}C£¤q�v�g o�eNh�s*vCgi�NªXy
o�r~o�uwv�mivC£/opeNh�m|v�q�girC¡��Nuw���N¡«rCs5h*g�h*m^op�ÇrC¡wv�m|��ope|h��Nq�v���h5s5o�h*��v�¯X��h5s5o�g�v©�Nh5¡¶s5v�m^opv�ª|q��
¯¶hton°¹h5h*m³on°¢v���ª|s*s*h5����u�Ä�h�u�g{r~��h*�5¸{d�eNh5��hamNvCq�girC¡3�Nu����N¡wrCs*h5gih5mIo��±r~q�h��Nh5o�h*q�g�uwm|h*�
ªN��u�mN��opeNh�oph5s�eNmNuw­IªNh��Nh5��s*q�uw¯�h*�iuwm3@ � Dã¸3d�e|h��C¼ g�vCopu�v�mbgivX�Nh5¡NeNv\°¹htÄ�h5q¹s:r~mNmNvCo¢rC¡Õy
°Çr:´X�¹r~s*s*vCªNm^oK£¤vCq�opeNh�q�h:rC¡N�|uw���|¡«rCs5h*g�h*m^o�vC£�opeNh�v�¯I��h*s5o*¸ Ê ��h5s*v�mN�i��o�h*��uw�3q�h*­IªNuwq�h*�
ope�r~o¹s*v�m|��uw�Áop�Çu�mi»No�opu�mN��o�eNh��Nq�v���h*stopuwvCmavC£�ope|h�v�¯X��h5s5o�g�vX�Nh*¡�v�m{o�eNh����Nr~opuwrC¡Auwm^oph5m©y
��u�on´���qpr~�Nuwh5mIo���uwmÈo�eNhbuwgirC��h~¸Âd�eNuw��u���rCs�eNu�h5Ä�h5�>ª|��uwm|��rCm¨u�oph5qpr~o�u�ÄCh¥giu�mNuwg�uwÆ*r~opu�v�m
vC£�rim|v�mÈ¡wu�mNh:r~q�h5mNh*q��C´Ã£¤ªNmNs5o�uwv�mÃ°�u�o�e�q�h5����h*sto�opv�opeNh±j�¼ ��v���h���rCqpr~gihtoph*q��*¸�d�eNh
g{rCu�mÃrC�|Ä~rCm^o�rC�Ch*��v~£3opeNu���on°¢v~yz��oph5�Èg�h5ope|v©�xs:rCmÈ¯�h�v�ª|op¡�uwmNh5��r~�L£¤v�¡�¡wv\°��*¸Çd�e|h¬�C¼
givCo�uwv�m�h*�Áopu�g{r~o�uwv�m¬�Áo�rC��h�rC¡w¡�vO°��KªN�Kopv¥e�r~mN�N¡wh�¡«r~q���h��Nuw���N¡«r~s*h*g�h*m^o��¹vC£�o�eNh�v�¯I��h*s5o*¸
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lzo�rC¡w��v�r:Ä�v�u��N�"r��Nq�h*�Nu�s5o�uwv�m¥�Áoph5�º¸3lnmN�Nh5h*�º}�o�eNh�¡«r�o�oph5q�vC£ o�h*m¥q�h*girCuwm|�3r�­IªNh*�Áopu�v�m�rC¯N¡�h
uw����ªNh�s*vCmNs*h5q�mNu�mN�¥opeNh�s�e|v�uws5h�vC£/opeNh�htÄ�v�¡�ª|opu�v�m�givX�Nh5¡UrCm|��o�eNh��Nhtoph*stopu�v�m�vC£ÅgivX�Nh5¡
s�e�rCmN��h5�*¸Èd�e|haq�h5��ªN¡·obvC£Ço�eNuw��»�q��Áob��oprC��h{u��±hë®|�|¡wv�u·oph*�1opvÈ��ªN�N�N¡·´³r~m²rC�N�Nq�v��Nq�u«r~o�h
uwmNu·opu«r~¡wuwÆ*r~opu�v�mio�v{ope|h±��v���h¥h5��o�uwgir~opu�v�mº¸ . ªNq�g�vX�Nh*¡Õyn¯�rC��h*�Ãopqpr~s�¦Xu�mN�av�m|¡�´�q�h5­IªNuwq�h*�
r1s5v^rCq���h�s*rC¡wu�¯Nqpr~o�uwv�m²v~£�ope|h�s:r~gih5qpr1rCmN�Rr1q�v�ª|��e g�vX�Nh*¡�vC£LopeNhxv�¯X��h*sto:¸ �¹v~ope
�C¼�givCo�uwv�m�h*��o�uwgir~opu�v�m¨rCmN�1j�¼���v���h¬h5��opu�g{r�opuwvCmÈ�Nv�mNvCoÂu�mIÄCv�¡�ÄCh¬h*�N��h¬�Nhtoph5s5opu�v�m
rCmN��uwgirC��hLs*v�m^o�v�ªNq�ht®Xo�qprCstopuwvCmº¸ � h�vCmN¡�´i�Nq�vXs*h5������q�r:´a¡whtÄ�h5¡�rCq�q�r:´©�5¸ �¹vCope��Áo�rC�Ch*�
rCq�h�q�v�¯NªN�Áo�o�v¨��rCq�o�u«rC¡¢v©s5s*¡�ªN��u�v�mN�¥vC£�ope|hÃvC¯X��h*sto:¸ I�u�m�rC¡w¡·´�}3q�h:rC¡Õyzo�uwg�h�o�qprCs�¦Iuwm|�1u��
q�h:r~s�e�rC¯N¡�hC¸

d�e|h��NrC�¶h5q"uw�3vCq��^rCm|uwÆ*h5�¬rC�3£¤v�¡�¡wv\°��*¸ 4 h*stopu�v�mi���Nh*��s*q�u�¯¶h5�"opeNh��C¼¿g�vCopu�v�m©yz¯�rC��h5�
opqpr~s�¦Xu�mN�È�Áo�rC��hiope�r~obrCs5o��brC�brCm²u�mNu�o�u«rC¡�uwÆ*r~opu�v�m�opvxopeNh�j�¼%g�vX�Nh*¡Õyn¯�rC��h*�1opqpr~s�¦Xu�mN�
�Nq�h5��h*m^o�h*�@uwm 4 h5s5opu�v�m j|¸ ��®|��h*q�uwg�h*m^o�r~¡�opq�rCs�¦IuwmN�²q�h*��ª|¡�op��r~mN�¿q�h*rC¡·yãopuwg�h�Ä©u���ª�r~¡
��h*qÁÄ�v�u�mN��o�rC��¦I�Fr~q�h"q�h5�¶vCq�oph5�Âuwm 4 h*stopu�v�m � ¸ 4 h*stopuwvCm �Çs5v�m^o�rCu�mN��s*v�m|s*¡wª|�NuwmN��q�h*girCq�¦I�5¸
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� h¥»�q���oÂs5v�mN��u��Nh*q�o�e�r~o�o�eNhb��¡wvC¯�rC¡/opqpr~mN��£¤v�q�g{r�opuwvCmÈ¯¶hton°¹h5h*m1on°¹v���ª|s*s*h5����u�Ä�h��Nq�v~y
��h*s5o�uwv�m|��vC£"o�eNh±opq�rCs�¦Ch5�¨v�¯X��h*sto�uwmxopeNh�uwgirC��h��N¡«rCm|h±s:r~m�¯¶h�q�h*�|q�h*��h*m^oph5�>¯^´�r��C¼
r	E�mNh±g�vCopu�v�m�givX�Nh5¡ã¸Çd�eNh���v^rC¡/vC£FopeNu���»Nq���o���o�h*�Èu���o�v{h*�Áopu�g{r~o�h�opeNh���rCqpr~gihtoph*q��
vC£Çope|uw�±�C¼ opq�rCmN�Á£¤v�q�gir~opu�v�m1h5Ä�h5m²uwm>�Nq�h5��h*m|s*h�vC£�¡wrCq��Cha�C¼ �Nuw���N¡«rCs5h*g�h*m^op��vC£Ço�eNh
v�¯X��h*sto{u�g{r~��hC¸ É v�m^o�qprCqÁ´²opv1ªN��ª�r~¡ ��r~¡wgirCm³»�¡�o�h*q¬g�h5ope|v©�N�5}¢o�eNuw�bg�vCopu�v�m©yz¯�rC��h5�
gihtopeNvX�x�|v©h5��mNvCoLuwm^ÄCv�¡�ÄCh¥rCm^´��Nq�h*�Nu�s5opu�v�m���s�eNh*g�hC¸�d�eNu���g�h:rCm|��o�e�r~oLu�o��NvXh*��m|vCo
q�h*­IªNu�q�h¥u�mÈ��rCqÁopu�s*ªN¡wrCq�o�eNhbuwm^o�q�vX�NªNs5o�uwv�mxvC£¢r{��opr~ophbg�vX�Nh*¡Åh5ÄCv�¡wª|o�uwv�m G<hC¸ �N¸·}�ras*vCm©y
��o�r~mIoLÄ�h5¡wvXs*u�on´Ãg�v©�|h*¡0Hë}ArCmN��o�eNh±u�mNu�o�u«rC¡�uwÆ*r~opu�v�mavC£3o�eNh±m|v�uw��h�Ä~rCq�uwrCmNs5h�vC£�opeNh���o�r�oph
rCmN��gih*rC��ª|q�h*g�h*m^o�g�v©�Nh5¡w�5}|°�eNuws�exrCq�h�vC£ oph5mxs5q�u�o�uws*rC¡Ugir~o�o�h*q��*¸
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 7 49/:<;>= ¯�harÃÄ�h*stopv�q�£¤v�q�g�h*�³¯^´1opeNh{uwgirC��h¬s*vXv�q��|uwm�r~o�h*�?45/@ vC£�¶v�u�m^op��r~¡wv�mN��opeNh±�Nq�v���h5s5o�uwv�mÈv~£"opeNh¥¯�v�ªNm|��rCq�u�h*��v~£"opeNh¥��v�¡·´©e|h*�Nq�rC¡FvC¯X��h*sto�givX�Nh5¡
r~o�o�uwg�hBAë¸�d�eNuw��Ä�h*stopv�q�u���r�°Çr:´Ès*rC�|o�ªNq�h5��opeNh±��e�rC��hbrCm|�È�¶vC��u�o�uwv�mÃvC£"o�eNh¥uwgirC��h
vC£ºope|h�o�qprCs�¦~h*��v�¯X��h5s5o*¸"d�eNh�v�¯X��h5s5o¹uwgirC��h���eNrC�¶hC- />D 6 r~oKopuwg�h�A�EGF�°�uw¡�¡�¯¶hL��u�ÄCh*m
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°�u�ope � 1 L � 6 7 �	� 7 �	
 7 �	
 7 ��� 7 ��� N = }�45/@ 1 L � /@ 7 � /@ N = } 4 />D 6@ 1�HBJ L 45/@ N }ArCmN�� L 4 N 1 ��� � � � F �� � � � � F �
d�eNuw�3o�qprCmN�Á£¤v�q�gir~o�uwv�m�uw�3¡�uwmNh*rCqF°�qÁo:¸ � ¸3¼Luw���|¡«rCs5h*g�h*m^o"Ä�h5s5opvCq�� @ L 4 @ N 1 4 />D 6@ � 45/@s:rCmÃ¯¶h�°�q�u�o�oph*mxrC�Ç£¤v�¡�¡wv\°���J � @ L 4 @ N 1�� L 4 @ N �"! G<j H
°�eNh*q�h � !"1 � � L F 7 � 7 � 7 F 7 � 7 � N = ¸� h±eNr\ÄCh±s5v�mN��u��Nh*q�h*�¨rC¯�v\Ä�h±ri��uÕ®Iyn��rCq�rCg�h5oph5q��Lr	E�mNh�givX�Nh*¡ ¸�#Lv\°¢h5Ä�h5q*}ºu�mÃo�eNh
s:rC��h�vC£�rc�|¡«rCm�r~q{q�u���uw�0v�¯X��h*sto:}�r³eNh*u���e^o�yn�NrCqprCg�h5o�h*q��a­Iª�rC�Nq�r~opu�sÈgivX�Nh5¡�ht®|rCstop¡·´
rCs*s5v�ªNm^op��£¤v�qao�eNh¨q�h:r~¡�j�¼ opqpr~mN��£¤v�q�g{r�opuwvCmº¸ lz£±q�h5­Xª|uwq�h5�º}L°¢h1s:rCm@rC¡·oph*q�m�r~o�u�Ä�h5¡�´
°¹h�s:r~m r~¡w��v�h5��o�uwgir~oph�opeNh���v�¡�´XmNv�g�u«r~¡¹�~¼�g�vCo�uwv�m³g�vX�Nh*¡¢q�h*�|q�h*��h*m^oph5�0¯^´ � 1
L �	$ 7 � 6 7 �	� 7 �	
 7 �	
 7 ��% 7 �	& 7 ��' N rCmN�Ã��u�ÄCh*mÃ¯^´ J��� />D 6@� />D 6@ � 1 �"�	$� 6 � E �"�	�(��
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°�u�ope

� L 4 N 1 � F � � � � � � � � �� � � F � � � � � � � 
 G �KH

d�e|ha��rCqÁo±vC£¹opeNh�opqpr~s�¦Xu�mN�Èr~¡w��v�q�u�o�eNgËs*vCmNs*h5q�mNh5�³°�u�ope1opeNhih*�Áopuwgir~o�uwv�m¨vC£Ço�eNh
�C¼ r�Eim|h�g�vCo�uwv�ma�NrCqprCg�h5o�h*q���u���rCq�o�uws5ªN¡«r~o�h*��u�mIo�v¥on°¹vi��ªN¯Xyn��o�h*�N�FJ1 opeNh�»�q��ÁoÇv�m|h�s*v�g��Nª|o�h*�¢mNv�q�girC¡A�Nu����N¡wrCs*h5gih5mIo��¹¯�h5on°¢h*h5m�on°¢v¥��ªNs*s5h*����u�ÄCh�u�g¬y

rC��h5�3rC¡�v�mN��opeNhÇ�|q�v���h5s5opu�v�m±v~£�opeNh¢v�¯X��h*sto"g�v©�Nh5¡Is*v�m^opvCªNq��FªN��u�mN��ope|h¹��v�yns:r~¡w¡wh5�
�xv\ÄXuwmN� �"�N��h5��G � �VH�r~¡w��v�q�u�o�eNg @ � D�2
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1 opeNh���h5s*v�m|��v�mNh�ª|o�uw¡wu�Æ*h5�ÇopeNu��LmNvCq�girC¡º�Nu����N¡wrCs*h5gih5mIo�»�h5¡w��opvih*��o�uwgir~oph��� ! ¯^´
rC��rC�©opuwm|��@ �Cj	D|o�eNh�q�vC¯NªN��o3g¥ªN¡�o�uwq�h*��vC¡wª|o�uwv�m�h*�Áopuwgir~o�uwv�mÂoph5s�eNmNuw­IªNh�u�mIo�q�vX�NªNs5h*�
uwmº¸

� hÂmNv\° �|h*��s5q�u�¯¶h�ope|h*��hÂon°¢vi��ªN¯©yn�Áoph5�N�*¸

���O� � #�&��C� �"��	�� 	�#%� &(
�* ���� ��C*�
��,� &(�+	 �" �
. m|h�vC£�opeNhÂr~�|Ä~rCm^o�rC��h5��vC£/opeNh��+� g�h5ope|v©��u��¹ope�r�o�u�o¹�Nv©h5��mNvCo�q�h*­IªNu�q�hÂrCm^´a�|q�uwvCq
h*�N��h�hë®Xopqpr~s5opu�v�mº¸ � hÂv�mN¡�´igirCmNuw�|ªN¡«r~o�h���v�uwm^o�s5v©vCq��Nu�m�r~oph5��rCmN��u�g{rC�Ch�uwm^o�h*mN��u�opu�h*�5¸
�Lh5ÄCh*qÁopeNh5¡wh*���*}C£¤vCqÅs5v�m^Ä�h5mNuwh5mNs*h~}�°¹hK°�uw¡w¡C��opu�¡w¡�ª|��h�opeNh�°¹vCq��  ns*v�m^o�v�ªNq "3opv�q�h5£¤h5qÅo�v�o�eNh
¡wuw�ÁoÅvC£�opq�rCs�¦Ch5����v�u�mIo��*¸Åd�eNh�� �¨rC¡���v�q�u·opeNg[s:rCmb¯�h¹u�gi�N¡�h*g�h*m^oph5��°�u·ope¥s5v�m^Ä�v�¡�ª|opu�v�m
hFE�s*u�h*mNst´�}ºr~mN��s*rCm�¡�h:rC�Ãopv�q�h:r~¡·yzo�uwg�h�s*v�g��Nª|opr~opu�v�m
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rC¡w��vCq�u�o�eNg £¤v�qi£<rC��o�¯|¡wvXs�¦§gir~o�s�eNuwmN� @ B�� Dã¸ I�u�q��Áo:} 
 L�� N u��{g�uwmNu�giu�Æ*h5� s5v�mN��u��Nh*q yuwmN��¡«rCq���h�Ä~rCq�uwr~opu�v�m���o�h*�N�LvC£"��r~qprCg�h5o�h*q���Ä~rC¡�ªNh*�5¸ � eNh*mxopeNh�s*ªNq�q�h5mIo�giu�mNuwg±ªNg u��
£¤v�ªNmN�º}FopeNhi�Nq�vXs*h5���buw��u�o�h*q�r~oph5�µ°�u�o�e³��girC¡w¡�h*q�Ä~rCq�uwr~opu�v�m¨��o�h*�N�¬rCq�v�ªNmN�>opeNu���Ä~rC¡�ªNh
G<��h5h I�u��N¸ � }�� u��Âo�eNh{u�mNu�o�u«rC¡Fh*�Áopuwgir~o�h�v~£¹ope|h{s:r~gih5qpr�¡wvXs:r~o�uwv�mº}	� 6 s*v�q�q�h*���¶vCmN�N�opv�opeNh�»�q��Áo±g�uwmNu�g¥ªNg�£¤v�ªNmN�1°�u�opeµr�»Nq���o�Ä~rCq�uwr~opu�v�m���o�h*��
 6 }3r~mN��� � uw��rCmµu�g¬y
�Nq�v\Ä�h5�>g�uwm|uwg¥ªNg s5v�g��Nª|oph5��£¤q�v�g
� 6 °�u�ope1ra��h*s*vCmN�1Ä~rCq�u«r~o�uwv�mx��o�h*��
 ��� 
 6 ¸ Hlnm��NqprCstopu�s*hC}©opeNh�u�mNu�o�u«rC¡A��v�¡wª|o�uwv�m � />D 6@ : @ / u���r¥�Nq�v��¶h5qÇuwm|u�opuwrC¡wu�Æ:r~o�uwv�mbv~£�opeNu��Ç��h*rCq�s�eÃrC¡Õy��v�q�u·opeNgÃ¸Åd�eNh*q�h5£¤v�q�hC}^°¹h�s:r~mi¯�v�ªNmN�¬ope|h���h:rCq�s�e{����rCs*h~¸"d�eNuw��r~¡w¡wv\°��3o�eNh�rC¡w��vCq�u�o�eNg
opv¬s*v�m^ÄCh*q��Ch�ÄCh*q�´�­IªNu�s�¦I¡�´ao�vO°¹rCq���rCmxrC�N�|q�v��Nq�u«r~o�h�g�uwmNu�g¥ªNgÃ¸

� ��� ��
Ç�F'5) 
�4 # �Â�³��
��/.�� # �

�3®©��h*q�uwg�h*m^op�Fq�h*��v�qÁoph*�be|h*q�h*r~£ oph5q�u�mIÄCv�¡�ÄCh¢Ä~rCq�uwv�ªN�Fv�¯X��h5s5op�5¸3d�eNhÇvC¯X��h*sto"s*v�g��N¡�ht®©u�on´
uw��q�h*�|q�h*��h*m^o�r�opu�ÄChbvC£3o�eNh¥rC�|�N¡wu�s:r~o�uwv�mN�/��¼ I G��"¡wh*stopq�uws*u·op�Â�Nh)I�q�rCmNs*h,H�u��Lu�mIo�h*q�h*��o�h*�
uwm Jº�|uw�pr~����h5g¥¯N¡·´�rCmN�Âg�v�mNu·opv�q�uwmN�Ko�rC��¦X�/u�m�opeNh�mIªNs*¡�h:rCq���v\°¹h5q/�N¡«rCm^o�s5v�m^ophë®©o*¸�d�eNh5��h
��´X��o�h*g��ÂrCq�h¥v~£¢u�m^oph*q�h*�Áo�£¤v�q�o�eNhb��h*��h*rCq�s�e>rCmN�¨¼Lh5Ä�h5¡wv��|gih5mIoÂ�|u�ÄXuw��uwv�mxvC£ ���9I0opv
rCs�eNuwhtÄ�hagirCu�mIo�h*m�r~mNs*h{rCmN�³g�v�mNu·opv�q�uwmN��o�r~��¦I�buwm>eNv���o�uw¡�hih5mIÄXu�q�v�mNg�h*m^o*¸ � h{e�r:Ä�h
��h*¡�h*stoph*�¨ramIª|o*}�r{g�uws5q�v~yzs*v�m^opq�v�¡w¡�h*qÇo�h*��o�¯¶h5�º}/rCmN�¨ri��h*q�u«rC¡Ås*vCmNmNh*stopv�q5¸ IAvCq�rC¡�¡/o�eNh
ht®©�¶h5q�u�gih5mIo��Fq�h*��v�q�o�h*��uwm�o�eNuw�/��h*s5o�uwv�mU}Cs:r~gih5qpr�s:rC¡�uw¯Nq�r~opu�v�m�uw�ÅmNvCoÅ�Nq�h*s*u���h5¡�´Â¦ImNv\°�mº¸
Ê ¡w¡Aope|h�uwgirC��h*�¢e�rC��¯�h*h5mxr~s*­IªNuwq�h*��v�mao�eNh�l ��l 4 Ê � ��q�v�¯�vCo�uwsLo�h*�Áop¯�h*���Nuw���N¡«r:´Ch*��v�m
I�uw�N¸ BKB�¸
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I�uw��ª|q�h � JLg�uwm|uwg�uwÆ:r�opuwvCm�rC¡w��vCq�u�o�eNg%u�¡w¡wª|��opq�r~oph5�x£¤v�q�on°¹v���v���h¥��rCq�rCgihtoph5q���q�h*¡�´Xu�mN�
v�m�r±�Nu���s5q�h5o�h�eNu�h*q�rCq�s�eNu�s:rC¡���h*rCq�s�e��|q�vXs*h*�|ªNq�h~¸Klnmi£<rCs5o*}©°¢h�e�r:Ä�h���u·®i��rCq�rCg�h5oph5q��Kopv
h*��o�uwgir~oph~¸
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Z���
lnm�ope|h¹s*ª|q�q�h5m^o�Ä�h5q���uwv�m¥v~£NopeNhK��´X�Áoph*g �Nh*��s*q�uw¯�h*�¥u�m�o�eNuw�Å��rC��h*q5}Cuwm|u�opuwrC¡wu�Æ:r~o�uwv�mLvC£|o�eNh
opqpr~s�¦Xu�mN�¬uwm�ope|h�ÄCh*q�´�»Nq���o�u�g{rC�Ch�vC£ÅopeNh���h5­Xª|h*mNs5h±uw����h*qÁ£¤v�q�g�h*�Ã��rCqÁop¡·´agirCmIª�rC¡w¡·´�¸
d�eNuw��g�h:r~mN��ope�r�o�opeNhbª|��h*q�eNrC��opv�s5¡wuws�¦xr~o�¡�h:rC�Áo�£¤v�ªNq��¶v�u�m^op��v�m¨¯�vCopeÈo�eNhbuwm|u�opuwrC¡
uwgirC��h�rCmN��opeNh É¹Ê ¼Rg�v©�|h*¡^vC£No�eNh¹vC¯X��h*sto*G<��h*h�I�uw�N¸���Ht¸Åd�eNuw�Åuw�FrCs�eNu�h5Ä�h5�¥°�u�o�eNuwm�rCm
uwm^oph5qprCstopu�ÄCh¥�Nq�v©s5h*�NªNq�h¥h*m|��ªNq�uwmN��rC¡���v{o�eNhbgir~ops�eNu�mN�{¯�h5on°¢h*h5m1o�eNhb��h5¡wh5s5oph5��givX�Nh5¡
�¶v�u�m^op� G¤Ä�h5q�o�uws*h5�¹vC£UopeNh É¹Ê ¼ g�v©�Nh5¡0H3rCm|�{opeNh5uwqKs*v�q�q�h5����v�mN�Nu�mN�±�Nq�v���h*stopu�v�mN�¹u�m�o�eNh
uwgirC��h*��¡�v©s*r~oph5�i¯^´¬opeNhLªN��h5q*¸ Ê s*v�g��N¡�h5oph5¡�´¬r~ª|opv�gir~o�uws�v�¯X��h5s5o¹¡wvXs:rC¡�uwÆ:r�opuwvCm¥�Nq�vXs*hëy
�NªNq�h�s5v�ªN¡w��¯�h�u�gi�|¡wh*g�h*m^o�h*�º}�¯|ª|o�opeNu��Ku��"v�ª|o���uw�|h�o�eNh�opq�rCs�¦IuwmN��uw����ªNh�s*vCmN��u��Nh*q�h*�{u�m
opeNu�����rC��h*q*¸ 0�h5o�ªN��mNvCo�hÂo�e�r~o*}�u�£ÅopeNhÂªN��h*q�s*¡wu�s�¦I�Lr¬g�uwmNu�g¥ªNg vC£���u·®���v�u�mIo��*}Arb£¤ªN¡w¡
s:rCg�h*q�r�s:rC¡�uw¯Nq�r~opu�v�m¨s:rCm²¯�ha��h*qÁ£¤v�q�g�h*� G opeNh{s:rC¡�uw¯Nq�r~opu�v�m1°�u�¡w¡�¯�h�rCs5o�ª�rC¡�¡�´¨q�vCªN��e
°�u�opexopeNu�����girC¡w¡/mIªNg¥¯�h*q�vC£K�¶v�u�m^op�#Hë¸�d�eNhbv�¯©o�rCu�mNh*�Èu�m^opq�u�mN��u�s±��r~qprCg�h5o�h*q���s:rCm�¯�h
ªN��h5�ar~£ o�h*q�°¹rCq��N��uwmbopeNh���v���h�s*vCgi�Nª©o�r~o�uwv�m¬rC¡���v�q�u�ope|gx¸ Ê £ o�h*q"ope|uw�"uwm^o�h*qpr~s5opu·Ä�h���o�h*�
r�»Nq���oK��v���h�u��"s*v�g��Nª|o�h*��¯^´¬¼�h*g�h*m^o�eNv�mirC¡w��vCq�u�o�eNg G I�u��N¸ �X¸ ¯MHF°�e|uws�e��¶v���h�uw�3o�eNh*m
q�h5»NmNh*�iªN��u�mN��vCªNq É¹Ê ¼@»No�opu�mN�Â��o�r~��h�GQI�uw�|¸ �©¸ s�H3opv�rCs*s5v�ªNm^o¢£¤vCqKu�gi�|q�h*s5uw��uwv�mbu�m¬o�eNh
g{rCmIª�r~¡ºuwmNu·opuwrC¡wu�Æ:r~o�uwv�mº¸
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I�uw��ª|q�h � J�dÅqprCs�¦Iu�mN�>u�mNu�o�u«rC¡�uwÆ*r~opu�v�m J G r H±��h*¡�h*s5o�h*� �¶v�u�m^op�¬uwm²ope|h�»Nq���oiuwgirC��harCmN�
opeNh É¹Ê ¼ g�vX�Nh*¡/vC£FopeNh�v�¯X��h*sto)G opeNh�ÄXuwq�o�ª�rC¡��Nv~oph*�x¡wu�mNh*�LrCs*s5v�ªNm^o�£¤v�q�o�eNh�g{rCmIª�r~¡
�C¼�y jC¼ q�h*��u���opq�r~opu�v�m¨vC£KopeNh¬£¤h5°���h*¡�h*s5o�h*�>�¶v�u�m^op�#H G¤¯MHÂ¯NrCs�¦��Nq�vO��h*s5o�uwv�m1vC£¢opeNhij�¼
givX�Nh*¡AªN��uwmN��opeNhL�¶vC��h�s5v�gi�|ª|o�r~o�uwv�m��Nq�v©s5h*���¹¯I´i¼�h5gih5m^opeNv�mXy ¼�r:ÄXuw��r~¡w��v�q�u�o�eNg G<s,H
¯�rCs�¦¥�Nq�v���h*stopu�v�mbvC£�opeNh�j�¼ g�v©�Nh5¡Nr~£ o�h*q"��v���h�s5v�g��Nª|o�r�opuwvCm¥ªN��u�mN�Âv�ªNq É¹Ê ¼ »No�opu�mN�
��o�r~��hC¸
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I�uw��ª|q�h �7J . ¯X��h*sto�vC£/uwm^o�h*q�h5��o�J3opeNh�mIª|o*}4G rKH¢s*v�m|��uw�|h*q�h5��rC�N�Nq�v:®|u�g{r�oph É¹Ê ¼ givX�Nh5¡
vC£�opeNh¬mIª|o:} G¤¯MH�g{r~��mNu�o�ªN�Nh¥v~£¢����r~o�u«rC¡Fuwm^oph5mN��u·on´���qpr~�Nuwh5mIo���uwm¨raon´X�Nuws*rC¡3u�g{rC�Ch±vC£
opeNhÂ��h5­IªNh*mNs5h

� �O� � �'
���
���	�� ��� �?� �'��&(�+	 �" 
� ���{�\�O����� ����� � h�»�q��Áo�s5v�mN��u��Nh*q�opeNhÂopq�rCs�¦IuwmN�{vC£3ope|h�mIª|o���uw¡�eNv�ªNhto�o�h�u�m�uwgirC��h
��h*­IªNh5mNs*h5�¥rCs5­IªNuwq�h*�1rC¡wvCmN�a�Nq�h*�Nht»�mNh*�1opq�rO��h*stopv�q�uwh*��v~£¢o�eNhbs:rCg�h*q�r|¸ 0�htoÂªN�Â�¶v�u�m^o
v�ª|o{o�e�r~oi°¹h�e�r:ÄChÈopv³�Nh*rC¡L°�u·opeR¡�v\°�uwm^oph5mN��u·on´0s5v�m^opqpr~��o
G<rC�au�ois:r~m¿¯¶hÈ��h*h5m@u�m
opeNh�uwm^o�h*mN��u�on´²��q�rC�Nu�h*m^o¬uwgirC��hivC£ IFuw�N¸��©¸ ¯MHë}K°�u·opec�Nq�h*��h5mNs*hÃvC£�s:rC�Áoi��e�rC�Nv\°��5}¹vC£
����h*s*ª|¡«rCq�u�opu�h*�5}#
�
�
µ�Ãv�q�h5vOÄCh*q5}Xo�eNh�mIª|o�uw�3m|vCo"ht®|rCstop¡·´¥��v�¡�´XeNh5�NqprC¡ }C��uwmNs5h�u�o"�Nq�h*��h*m^op�
mNv>�|eI´X��uws:r~¡w¡�´²rCmN��ªN¡wrCqbq�u��N��h5�*¸ IFuwm�rC¡�¡�´1opeNh É¹Ê ¼ givX�Nh5¡�e�rC�¬¯¶h5h*m e�rCmN�©yzg{r~�Nh
°�eNuws�e³u�gi�|¡wuwh5��¡wv\°��|q�h*s5uw��uwv�mº¸�¼Lh*���|u�oph�opeNh5��ha�|u E�s*ªN¡·opu�h*�*}/ope|h{�Nq�v��¶vC��h*�>gihtopeNvX�
e�rC�Å�Nq�v\Ä�h5m¥u�o��ÅrC¯Nuw¡�u�on´Lopv�hFE�s*u�h*m^op¡·´�opqpr~s�¦�opeNu��Fv�¯I��h*s5o�rC¡�v�mN��¡wv�m|�Lu�g{rC�Ch"��h*­IªNh5mNs*h5�*¸

IFuw�N¸���s*v�m^oprCuwmN�±q�h*��ªN¡�o��¥vC£�ope|haopqpr~s�¦Xu�mN�ÈvC£�o�eNh�mIª|o¬rC¡�v�mN��rÈ��h*­IªNh*m|s*hÃvC£ ���
uwgirC��h*�5¸ IFuw�N¸ �©¸ rc��eNv\°���opeNh�q�h*��ª|¡�op��v~£�o�eNhÈopq�rCs�¦IuwmN�²u·£�°¢h¨s*v�m|��uw�|h*q�v�mN¡·´ o�eNh
�C¼ giv~opuwvCmxh5��opu�g{r�opuwvCm���o�h*�º¸ÂlnmÈo�e�r~o�s*rC��h~}Uopq�rCs�¦IuwmN��u�����h*qÁ£¤v�q�g�h*��r�o�ÄXuw�Nh5v�qpr~o�h
Gã��� #�Æ�Hë¸ #�vO°¢h5ÄCh*q5}ºr~£ o�h*q�r¬£¤ht°(uwgirC��h5�*}|o�eNh�rC¡w��vCq�u�o�eNg uw��mNv�¡wv�mN�Ch*q�rC¯N¡�h�opv¬opqpr~s�¦
rCs*s5ªNqpr~o�h*¡·´xo�eNhbv�¯X��h5s5oÂ��eNrC�¶h~¸±d�eNh¥£<r~uw¡wª|q�h±u���girCuwmN¡·´��NªNh¥o�vaopeNh¥£<rCsto�opeNr~oÂrÃ�C¼
r	E�mNh{g�vCopu�v�m¨givX�Nh5¡"s:rCmNm|vCo¥s5v�gi�|¡wh5o�h*¡·´¨rCs*s5v�ªNm^o±£¤vCq�o�eNhi�|q�v���h5s5opu�v�mµv~£ÇopeNh{j�¼
givCo�uwv�m²v~£�ope|hÃvC¯X��h*sto:¸ IFuw�N¸ �X¸ ¯§q�h5�¶v�qÁop�bope|hxq�h*��ª|¡�op�¬vC£LopeNh�o�qprCs�¦Iuwm|�>u�mIÄCv�¡�ÄXu�mN�
¯¶vCo�eµ�Áo�rC��h5�*}��~¼ giv~opuwvCm1h5��o�uwgir~opu�v�m1rCmN�²j�¼ �¶vC��h{s5v�g��Nª|o�r�opuwvCmº¸�lnmµopeNr~o±s*rC��h~}
opqpr~s�¦Xu�mN�¬s:rCmÃ¯�h���h*qÁ£¤v�q�g�h*�Ãr~o�B:� #�ÆÂv�mÃr�� É � �����xeNÆÂªNmN�Nh5q/0/u�mIª©® . 4 ¸

� h{eNr\ÄCharC¡���vÃÄCr~¡wuw�Nr~oph5�1o�eNhi��h*qÁ£¤v�q�girCmNs5hiv~£ÇopeNh�opq�rCs�¦IuwmN��rC¡w��vCq�u�o�eNg u�m1o�eNh
�Nq�h5��h*m|s*h�vC£UÄCr~q�uwvCªN���Nu E�s*ª|¡�opu�h*�5¸�lnmio�eNh�hë®©�¶h5q�uwg�h*m^o¢vC£.I�u��N¸ �|¸ r|}©r�s*rCg�h*qpr�giv~opuwvCm
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I�uw��ª|q�h � J��Lª|o±opqpr~s�¦Xu�mN� G¤uwgirC��h*����� � �¹� � �|} � 1 " ( }Z[ 1 F ( ��� H�J'G r H�opqpr~s�¦Xu�mN�
°�u�ope�v�m|¡�´{o�eNh��C¼ ��o�r~��hC}.G¤¯MH¹opq�rCs�¦IuwmN�b°�u�o�e�¯¶vCo�ex�C¼ g�vCo�uwv�m�h5��opu�g{r�opuwvCm�rCmN�xj�¼
�¶v���hÂs*v�g��Nª|opr~opu�v�m���oprC��h
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uw���¶h5q�£¤v�q�gih5�¿rCq�vCªNmN�0o�eNh � r�®©uw���ë¸ Ê £<rCs*hxvC£�ope|h�mIª|o�r~�N�¶h*rCq��i°�eNuw¡�h�rCm|vCopeNh5q
�Nuw��rC�N��h:rCq��*¸ lnm I�uw�|¸ �©¸ ¯º}�ope|hÈg{r~uwm0�|u E�s*ªN¡·on´0u��{ope|h�Ä�h5q�´¿u�gi��v�q�oprCm^o{q�vCo�r�opuwvCm
rCq�v�ª|mN�Ão�eNh � r�®©uw�*¸�I�ªNq�o�eNh*q�giv�q�hC}�ope|h�u�¡w¡wª|giu�m�r~opu�v�m�s*v�mN�|u�opu�v�mN��rCq�h�m|vCo�s5v�mN�Áo�rCm^o
rC¡wv�m|�ÇopeNhK��h5­Xª|h*mNs5hC¸"lnm I�uw�N¸��|¸ s~}~�NrCq�o�u«rC¡�vXs*s5¡wªN��uwv�m|��vC£©o�eNhKmXª©o�vXs*s5ªNq*¸Ålnm IFuw�N¸KB � ¸ �U}
opeNh"mIª|o/u��Uopq�rCs�¦Ch5��°�u�o�eNuwm�r�e|uw��eN¡·´�opht®Xo�ªNq�h5��h5mIÄXu�q�v�mNg�h*m^o/�Nª|q�uwm|��r�ÄXu���ª�rC¡C��h*qÁÄ�v�u�mN�
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