
HAL Id: inria-00073694
https://inria.hal.science/inria-00073694v1

Submitted on 24 May 2006

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

HAL Authorization

Hierarchical Visual Perception without Calibration
François Gaspard, Thierry Viéville

To cite this version:
François Gaspard, Thierry Viéville. Hierarchical Visual Perception without Calibration. RR-3002, INRIA.
1996. ⟨inria-00073694⟩

https://inria.hal.science/inria-00073694v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

appor t  


d e  r ech er ch e 


INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Hierarchical visual perception without calibration

François Gaspard and Thierry Viéville
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� OcXoO�yMXoO�joO�T0V�Y�Q`¥tdUy-^[\�T0V�� u0��VWKMO��[O�Z�V]^`X�� � �M�� � ���������	�W$ � �Mj§\�Tbi~º
�MZ"�_\ d
kMO�Y[T�Z�^�^`Xokb\�TMYhVWO�j�©xn�^[\_T0VWjx\�T~V]KMO#XoO�Vo\�TlY¨g-��\�VWKayb\�¯¨O"�;Z�^�^`Xokb\�TMYhVWO�jsZ�^¨^`Xokb\_TlYhVWO�j2��
¿���=$
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�� ��
 �M�� ��
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½lOCYhV]�MX]O�y2^h\�T0VWj6Z�^[X]X]O�j]y-^`TMkb\_TMi VW^FK¨\�i`K9Z��bXo�hYhVW�bX]O¢y-^[\_T0VWjaY[X]O O"¯�V]XWY[Z"VWO�k ��X]^`N
OCYhZfK�\�NcY[i`Oh©wSUT�^`�bX Y[yMy¨�_\_ZCYhVo\�^[T¦g2�¡O��MjoO#VWKMO�� TwYhX]Xo\_j���Z�^`X]TMO�XwkMO"VWO�Z�VW^[X�' �)= ) g¹Y[TMk�Yhj
X]O�y2^[XoVWO�kc\_T ' =0�,) gB��Oxy-O�Xo��^[X]N Y	Z�^`XoX]O"�³YhVo\�^[T?^`y-O�X]YhV]\_^`T?Y[TMkcj]O"��O�Z�V�V]KM^`joOt�_^�ZCYhVo\�^`Tbjµ��^`X
�tKb\_ZfKaV]KMO	Z�^`XoX]O���YhVo\�^`T6j]Z�^`X]O�\_jtKb\�i[K¦©

� KMO�TFZ�^`TMj§\�kbO�Xo\_TMi Y[T \�NcY[i[OajoO��B�MO�TbZ�O[gxOCYhZfK y2^h\�T0Vc��\_���wu-O�VWXWYhZf£[O�k ��Xo^`N VWKbO
®lXojoV%V]^�VWKbOw�³YhjoV%�B\_O�� Y[TMk�V]KMO�T$V]KMOwV]XWYhpqO�Z�VW^[Xo�P��\_���¦u-Ow\_T0VWO�Xoy2^h�³YhV]O�k��Mj§\�Tbi�Y#y-^[�_��TM^¶d
N�\³Y¶�
NP^¨kMO"�µY[j�yMXo^`y2^[j]O�k¤Y[TMk�\_NPyb��O�NPO�T0VWO�k¤\_T ' Q	= )�\�T�^`X]kbO�X VW^�^`u¨VfYh\_T�Y$j]�Mu¨d yb\ ¯bO"�
NPO�ZfKlYhTb\�joN�^[���_^�ZCYh��\���YhV]\_^`T�^[��VWKMO	y-^[\_TBV]j�©

� O#Yh�_j]^cX]O�ybX]O�joO�T0V�i`O�^`NPO�V]Xo\_Z#^`ubpqO�Z�V]jwj]�bZfK�Y[jt�_\_TMO�j�g2y¨�³Y[TbO�jw^[XsO"�`O�T~Z�^`Tb\_Z�j ± TM^hV
\_Ncy¨��O�NcO�T0VWO�k~KMO�XoO+²%�Mjo\_TMicj]O"Vt^[��y-^[\_T0VWj�©µ½l^`X%\_TMjoVWY[TMZ�O[gM��\�TMO	joO�i`NPO�T0V]jx��\��_��u-O	X]O�yMX]Oed
j]O�T0VWO�k Yhj Y�ylY¶\�Xx^[�
y-^[\_TBV]j ^`XsY?joO�V�^[�;Z�^[���_\_TMO�Y[Xwy-^[\_TBV]j�g2yb�³YhTlY[Xwj§VWXo�MZ�V]�MX]O�j�Y?VWX§\�y¨��O"V
^[��y2^h\�T0VWjt^`XtYPj]O"Vx^[��Z�^`yb��Y[TlY[Xty-^[\_TBV]j�glO"VWZ[©�©�©

º�¯MYhNcy¨��O�j�Y[XoOcjoKM^+�tT¤\_T¤®li[�MX]O?}¨©c½l^`X \_TMjoVWY[TMZ�Ohg�\�����\�TbOcjoO�i`NPO�TBV]j�Y[XoOPkMO�V]O�Z�V]O�k
u0��VWKMO&OCYhXo���Bd �B\�j§\�^`T~Nc^�kM�b�_O	VWKMO"��ZCY[Tau2O	\�T0V]O�i`X]YhVWO�ka\_T~^`�MXtj§�¨j§VWO�N6g2�Mjo\_TMicVWKMO&O�TMk�d
y-^[\�T0V]j�©
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½�\_i`�MXoO&}¨°´¥wO"®lTb\_TMi�i`O�^`NPO�V]Xo\_Z&O"��O�NPO�T0VWjx��X]^`N j]O�Vs^[��y2^h\�T0VWj

Èa^`j§V´^[�lVWKMO�j]O�y-^[\_TBV]j´Y[X]O��qjo��\_kb\�Tbi��%y-^[\_T0VWj�\_T�VWKMO%joO�TMjoO�VWKlYhV�VWKMO"�#Z�Y[TPu2O%XoO�yb��Y[Z�O�k
u0��j§\�N�\��³Y[Xwy2^[\_T0VWj ^[T�VWKMO�j]Y[NPO�^`ubpqO�Z�VCg¹uM�bV�jo�MZfK�Y[T�O��_O�NPO�T0V	Z�Y[T�u2O�\�T0VWO�i`XWY¶VWO�k�V]^
X]O�yMX]O�j]O�TBVw�_\_TMO�jx^`Xtyb��Y[TMO�j Y[jxkb\_j]Z��bj]j]O�k�\�T
' =`|bg%=M�.)A©%J%Kb\_jwTb^[V]\_^`T~^h�;jo��\_kb\�Tbi�y-^[\�T0V]jx\_j
�¡O����-��^[X]NcYh��\���O�k�u0�cYhVoVfY[ZfK¨\�TMi�Y	Z�^+�hY[Xo\�Y[TMZ�OxNcYhV]Xo\ ¯PVW^&OCY[ZfKcy-^[\�T0V�g���\�VWK?Y&Z�^`X]XoO�joy2^`T�d
kb\_TMi O"�_��\�ybj]^[\_k�^[�l�MTbZ�O�X§VfYh\_T0VU�`© ª ^`Tbjo\_kMO�X§\�TMi V]KMO¡��\_TMO%j]O�i`NPO�T0V
^[�l®Mi`�MX]O%}t��^`X�\�TbjoVfYhTMZ�Ohg
�¡O#j]O�O#VWKMYhV�� ��Y[TMk!�"�#KlYC�[O�Y[T~O"�_��\_yMj]^[\_k�^[���MTMZ�O�XoVWYh\�T0VU�aKb\_i`KMO�Xx\�TaVWKMO&kb\_X]O�Z"V]\_^`T
^[��VWKMO���\�TbO&joO�i`NPO�TBV�glVW^cKlYC�`O�YPNP^�kMO���^�Z�Z"���bjo\_^`TMj�g:O�Y[Xo���0d �B\�j§\�^[TaO�X]X]^[X]j�glO"VWZh©_©�©
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�_^���\_TMi ' Q`� )Ag��¡OµY[j]jo�MNPO
VWKlYhV¹��O&£BTM^+� VWKMO	X]YhV]\_^�u2O"VU��O�O�T~V]KMO	KM^`X§\���^`T0VfYh��Y[Tbk��[O�X§V]\_ZCYh����^�ZCYh�¦�_O�Tbi[VWK
Y[TMk?VWKlYhV¡��O Y[j]jo�MNPO VWKlYhV¡VWKMO�VU�¡^?XoO�Vo\�TlY¶��Z�^�^`X]kb\_TlYhV]O�jxY[XoO&^[XoVWKb^`i`^`TlY¶� ©�S V�KlY[j¡u2O�O�T
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VW^�\_NPyMX]^+�`O	VWKbO&^[ubVfYh\_TMO�kaXoO�j]�¨�_V]j�©

� O�Y¶��jo^ Y[j]jo�MNPO$VWKlYhV#VWKMO�\_T0VWX§\�TMj§\�Z�ylYhXWY[NPO�V]O�XojPY[X]O$k¨\_¼2O�XoO�T0V���^`X�O�Y[ZfK ZCY[NPO�X]Y
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ylY[X]Y[NPO�V]O�Xo\_��O�k~u0��YPX]^[VWYhV]\_^`T�NcYhVWX§\�¯�� Y[Tbk~Y�VWX]Y[TMj§�³YhVo\�^[T6�[O�Z�V]^`X! 0°
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Z�^[TMjoV]XWYh\_T0VWj	�tKb\�ZfK¤X]O"�³YhV]O�VWKMO�VU�¡^~y-^[\�T0V]j	\A© OP®MTMk�V]KMOcO��B�lYhVo\�^`Tbj&^h��VWKbO
��^`XoN0:;4 �76 � � 8f�¶N+������� � $S� �b©
SUT�ylY[X§V]\_Z��b��Y[X�g���O �¡^`�b�_k��_\_£[O V]^�yMX]O�kb\_Z�V�VWKbOw��^�ZCY¶V]\_^`T
^[�:Ysy2^[\_T0V�ih\_�[O�T�\�VWj�Z�^`X]XoO�joy2^`TbkMO�T0VCg`\A© O[©;YsX]O���YhVo\�^`T�^[�MV]KMO¡��^`XoN<:;4 �76 � � 8f��� � �>=
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� � � � � � � � "���� �
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� # � �  � ��� ��
± =0²

�tKMO�X]O VWKbO�?�d NcYhVWX§\�¯�
�� Z�^`X]XoO�j]y-^`TMkbj�VW^�V]KMO �q�bT¨dUZ�Yh�_\_uMX]YhVWO�k$X]^[VWYhV]\_^`TlY¶�¹Z�^`NPy2^`TbO�T0V
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y-^`TMO�T0V�^[��V]KMOcXo\_i[\�k�kb\_j]yb��Y[Z�O�NPO�T0V �Wg
Yh�_j]^6ZCYh���_O�k � ��^¨Z��Mj	^[�%Oe¯byMY[TMjo\_^`T �cu0� jo^`NPO$Y[�¨d
VWKb^`X]j�gbY[Tbk�NP^`X]Osi`O�^[NcO"VWX§\�Z�Yh�_��� �$�%�C�����>�������"©;J%KbO�j]OwTM^[VfY¶V]\_^`TMjµKlYC�`Owu-O�O�T�\_TBV]X]^�kM�MZ�O�k
\_T
' =0|¨g·�+�")¦VW^cY[TMYh�_����O&V]KMO	Nc^hV]\_^`T�^[��y-^[\_T0VWjxY[TMk��_\_TMO�jx\_T6V]KMO	i`O�TbO�XWY¶�·ZCY[joO[©

S ���¡O�O"�_\_N�\�TMYhVWO�� Y[TMk � �l\�T6O��B�lY¶V]\_^`T ± =B² ± u0�$VWY[£0\�TMiPVWKbO&Z�X]^`joj§d yMX]^�kM�MZ"Vs��\�VWK��
Y[TMk6N#�¨�_Vo\�yb���B\�Tbi�u0� � � � �¡O	^`ubVfY¶\�T¦°

� � ��� ���
����
� ��� ��

� � � ± D[²

J%KMO$NcYhV]Xo\ ¯��	� ���
�� � � � � �Â� � �"�� � � \_j#V]KMO � �O���2� � ���%���	� � �	����� ��Y[TMk¢\_j
Yh�_j]^aZCYh����O�k¤V]KMO �UO�j]joO�T0V]\�Yh�¡NcYhVWX§\�¯ \_T¤V]KMO��MT�dUZCY¶�_\_uMXWY¶VWO�k¤ZCY[joO �W©$S �%�¡O�Z�^[TMjo\_kMO�X&VWKlY¶V
VWKbO�^`Tb����\�Tb��^[X]NcYhV]\_^`T�YC�hYh\��³Yhub��O�\�j XoO���YhVWO�k~VW^?VWKMO�XoO�Vo\�TlY¶��Z�^`X]XoO�j]y-^`TMkbO�TMZ�O�j	u2O"VU��O�O�T
y-^[\�T0V]j�gw��\�VWKM^[�bV6Y[T0�=£BTM^+����O�kMi`O¤Y[u-^`�bV�VWKbO�kMO�ybV]KMj ��gwO����MYhV]\_^`T ± D`²?\_j�VWKMO�^[Tb�_�
O��B�lY¶V]\_^`T6V]KlYhVxZCYhT6u-O	kMO�X§\_�[O�k
' =0|") ©

ª ^`TMj§\�kMO�Xo\_TMi�YPj]O"V ^[��N?Y¶VWZfKMO�jwX]O"�³Y¶VWO�kau0��O��B�lYhVo\�^`T ± Q0²�V]KMO�O��B�lYhV]\_^`T ± D`²�\�jt�¡O����
kMO"®lTMO�k�\��tY[Tbk�^`Tb��� \_� ± \¸²!��"���~YhTMk ± \�\³²�V]KMO�XoO?\_j#TM^~��\_TMOCY[X�X]O"�³YhVo\�^[TMj#u-O�VU�¡O�O�T Yh�_�
� � Y[TMk ��©�J%KMO�kbO�i`O�TMO�X]YhVWO�k¢ZCYhj]O�j	^�Z�Z��MX�^`Tb����\��µV]KMO�VWX]Y[TMjo��YhVo\�^`T�\_j���O�X]^Mg�^`Xw\���Yh�_�
y-^[\�T0V]j�u-O��_^`TMi�VW^�VWKbO?j]Y[NPOcy¨�³Y[TbO ' =0|") " ©?J%Kb\�j&ylY[X§V]\_Z��b��Y[X	ZCYhj]OP��\_���´u2O?Y[TlY¶�_����O�k¤\_T
kMO"VfYh\�� ©µrtO�Z"\�yMXo^¨Z�Yh���_�[glY[j�j]^�^`T6Y[j%V]KMO�y2^h\�T0VWjtu-O��_^`TMi`j%V]^PYhV��_OCY[j§V�VU��^cyb��Y[TMO�j�gM��O	Z�Y[T
kMO"®lTMO�k~Y B�d N?Y¶VWXo\ ¯	'Ë��< )A©

» ZCY[NPO�XWY���^`X��tKb\_ZfK B KlY[j�u-O�O�T6Z�^`NPyM�bV]O�k�\�j�Z�Yh�_�_O�k �  ���$# 
��	�'��()���	� � � 
�� � ��� �[©
!·O�V��Mj�N?Yh£[O%YhT&\_NPy2^`X§VfY[T0V�X]O�NcY[X]£�KMO�X]Oh© � \�VWKM^`�¨V�YhTB�	£BTM^+���_O�kMi[O�^[�¨VWKMO´ZCY¶�_\_uMXWY�d

V]\_^`T�yMY[XWY[NPO"VWO�Xoj�g[�¡O%Z�Y[T�kMO"VWO�Z"V´Ywj§\�TMi[�b�³YhX�jo\�VW�MYhV]\_^`T¦° �$�%� 
������  �%����� �$�%� �8� �	����� �	������� ���&� �	� �	�#�����M� � �$�%� �����8�#� �	����� �	� �"gM\A© Oh© � " � �cjo\_TMZ�O#�¡O#KMY+�[O � " � �2( A " � �b©tJ%Kb\_j
jo\_TMi`�¨�³Y[X�jo\�VW�lYhVo\�^[T9Z�^`X]XoO�joy2^`TbkMj$VW^�V]KMO�i`O�^`NPO�VWX§\�Z�Yh� �4Y[Z"V�V]KlYhV$V]KMO�O�yb\_y-^[��O�Y[X]O�Y¶V
\_Tb®lTb\�VU�6Y[TMk�\�jt^[��yMX]Y[Z�Vo\�Z�Yh�·\�T0V]O�X]O�joV�©

0 9 0 9 0 �6Á K��.6 7 ��¬ � � ¬l�.-�¬-« Á�� 
��¨�.-4¬-«��	9
J��¡^ ^hVWKMO�X�O��B�lY¶V]\_^`TMj�kMO�Xo\��`O�k ��X]^[N O��B�lYhV]\_^`T ± =0²?Yh����^+��VW^­XoO�Z�^`TMjoV]X]�MZ"V�VWKMO�Q¶dq¥xd
kMO�ybVWKMj � Y[TMk � �³©

%'& «RÈÂ¨ ®¶Å)(°¦!©¯«R®°¼¾½+ÃªÈ°¼EWÇ¬EÈ¶Ê
Ì�¼ ¦ ·SÍÆ¦+*�É¯®°¬�¼¾È\W�,.-0/¹­¯®Â´§´�¼EW1(ÇÉ�Å¾®Â«E´�ÈÂÅ¾É¯¬�¼¾È\W¯´E¼ Ê#®�WÆÄAÈ)W�Å¾»L¼ Ê�¬R­�¦!«�¦S¦?À�¼Ï´R¬
®XÅ¾¼HW¯¦ ®°«T«�¦ Å¾®°¬�¼¾È\W2©ª¦?¬v·
¦?¦ W32 ®\W¯Ä3254�ÍË¼�Î ¦ÂÎ'®'«R¦?ÅÏ®¶¬�¼¾È\W�È°Ê§¬R­�¦GÊ�ÈÇ«R¨625487:9;2�Î=<E­�¼Ï´T´R¼ ¬£É¯®¶¬R¼ È)W
½JÈÇ«R«R¦ ´£ÃªÈ\W¯Ä¯´=¬RÈ�¬£­�¦¿½ ®°´R¦0·
¦ «R¦¹¬R­�¦§ÃªÈ°¼EWÇ¬R´�®Â«�¦E«R¦?ÅÏ®¶¬�¦!Ä.©Ç»T®S½?È°Å¾Å ¼EW�¦!®¶¬�¼¾È\WfÍ¶¼xÎ ¦°ÎË½JÈÇ«R«R¦ ´£ÃªÈ\W¯ÄT¬�È�®+Ã�ÅÏ®�W¯®Â«
´R¬R«£É¯½J¬£É¯«�¦S®Â´E«�¦ ÌÇ¼¾¦?·
¦ ÄL¼HW ¬£­�¦�´�¦>*�É�¦?Å�Î
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�`©xJ%KMO �������$� � ��� � � ���8����� � � ���	�8����� ± ^`ubVWYh\�TbO�k¢VWY[£0\�TMi�V]KMO�Z�X]^`joj§d yMX]^�kM�MZ"V#��\�VWK
� �-YhTMkaN��b��V]\_yb�_�B\_TMi�u0� � � ²%\_T�VWKMO	�MT¨d ZCYh��\_uMXWYhV]O�k6ZCY[joO[°��� � ���

�
#*��� � � $S� ��� � � ������ � ��� � � � � � � $��� �T� � � ���	�

� ��� �
��
� ��� ��� � ¢

��� � ± �`²

�tKMO�X]O��'� 
 � � ���� � ��� \_jtY[Ta�bTM£BTM^+�tTa�B�lY[T0Vo\_VU��XoO���YhVWO�k6V]^PV]KMO	YGFcTMO	ZCY¶�_\_uMXWY¶V]\_^`T^[�tV]KMO�j]Z�O�TMO ' =0|")tYhTMk�VWKMO$\_T0�`O�X]j]O6^[�tVWKbO�kMO�ybV]K ^`X�yMXo^+¯�\_N�\_VU����^[X�Y[T­\�NcY[i[O
y-^[\_TBV�\_j�kb\_X]O�Z"V]���=X]O"�³Y¶VWO�k VW^­V]KMO B�d NcYhVWX§\�¯ �My=VW^ Y��_\_TMOCYhX$���MTMZ�Vo\�^[T ^[�&VWKbO
XoO�V]\_TlYh�2��^�ZCY¶V]\_^`T¦©´Èa^[X]O�^+�[O�X�g ��� � ��� Z�^`X]XoO�joy2^`TbkMj%VW^�YhT$�MTM£BTM^+�tT6j]ZCY¶��Ow�4YhZ�VW^[X�gMYhj
Yh����Y+��jxyMX]O�j]O�TBVx\_TaNP^`TM^�Z��¨�³Y[X�j§��joVWO�NPj�©�x^[VWO�VWKMYhV�� � glZ�Yh����O�kaVWKbO ���������

����#�	� �����8�#� �	�O����� �U� � �#� 
w\_T6V]KMO	j]O��B�MO"� g:\_jxih\_�[O�T\_Tay¨\�¯¨O��Ag:Y[j��B\�j§\�u¨��O	\�T6O��B�lY¶V]\_^`T ± �.D`²¡��^`X%\_TMj§VfY[TMZ�O[©
½l�MX§VWKMO�X]NP^`X]OhgMVWKMO	�B�lY[T0Vo\_VU�-°��� � ���

�
��� ��� ��� � � $

� ��� ����! " 	 # � ± �[²

Z�Yh�_�_O�k�VWKbO �%$ � � �������#� �	�O����� �U� � �#� 
¶glYh�_j]^P\�T�yb\ ¯¨O���Yh����^+�tjtVW^PkMO�Z�\_kMO?°

� � KbO�VWKbO�X$y-^[\_TBV]j$Y[XoO~Y¶V?V]KMO �UKM^`Xo\_��^[T �fg�\A© O[©9YhV�Y[T \_Tb®lTb\�VWO~kb\�j§VfY[TbZ�O~^[X
Y TMO�i[�_\_i[\_ub�_O�ybX]^C¯�\�N�\�VU�`g \��'& �   � 	)( �b© » j�kb\_j]Z��Mj]joO�k \_T ' Q`�")���^`X$VWKbO
Z�Yh��\�uMX]YhVWO�k¢Z�Y[j]O?Y[TMk ' =b� )
��^`X�VWKbOc�bT¨dUZ�Yh�_\_uMX]YhVWO�k¢ZCYhj]O[g�VWKbO�j]Ocy-^[\�T0V]j&^[Tb�_�
KMY+�[O#Y�Xo^[VfYhVo\�^[TlYh�·kb\_j]yMY[Xo\�VU�`©

� � KbO�VWKbO�X�Y�y2^[\_T0VWj¦\_j·u2O�Kb\_TMk#YhTM^[VWKbO�X ± X]O���YhVo\_�[OµkbO�ybV]K:²¦jo\_TMZ�Ohg�� �+*-, � 
�.0/ � "21& �43   � 	65 & �87   �
	 ©9�x^[VWO&VWKlYhV X]O���YhVo\_�[O�kMO�y¨VWK�\�j Y[T�YGFcTMO�Y¶V]VWX§\�ub�bVWO�YhTMk\_jt�MTMkMO"®lTMO�k~��^`X�yMXo^[pqO�Z"V]\��`O&i`O�^`NPO"VWXo�[©
}¨©xJ%KMO(�������#� ���	���'���8����� � � � �	������� ± ^`ubVWYh\_TMO�k�VfYh£B\_TMi�VWKbO�Z�X]^[j]j§d yMX]^�kM�MZ"V
��\_V]K �xYhTMk
V]KMO	TM^`X]N ^[��V]KMO�X]O�j]�b��Ve²�X]O"�³Y¶VWO�j�V]KMO	kMO�ybV]Ka��Xo^`N!^`TbO	��X]Y[NPO VW^cY[TM^hVWKMO�X�°

�� �� �
� ��� � � ������ �T� � � ��� �;: � ± <`²

SUT~�4Y[Z"VCg:\_VwZCY[T�u-O&OCY[j§\_���~joKM^+�tT�VWKlY¶VwO����MYhV]\_^`TMj ± D`²"g ± �`²xY[Tbk ± <0²tY[XoO�O����¨\_�hYh�_O�T0V
VW^�O��B�lY¶V]\_^`T ± =0²"g�j§\�TbZ�O�� � ( �.� � �³g¡�tKb\_�_OaV]KMO�joO6VU�¡^¢�[O�Z�V]^`X]j�Y[X]O�\_T V]KMOaj]Y[NPO
kb\_X]O�Z�V]\_^`T¦©

0 9 0 9 I � 6 Á �`�l� Á ¬�7x� K 
�� Á ��¬:�C�b�.-�¬2« � �l«�Å �.6 Á K $��l«��b���`�l� Á 9
» j	y-^[\_TBV]O�k¤^`�bV&yMX]O"�B\�^`�bjo���`g�\_T VWKMOcZCY[joOP^[��Y�yM�MXoOcXo^[VfY¶V]\_^`T ^`X�\_�¡VWKMOPj]O"V#^h��y-^[\_TBV]j
u-O��_^`TMi`jxVW^�Y��bTb\��B�MO#yb�³YhTlY[Xwj§VWXo�MZ�V]�MX]Ohg¹��O#ZCY[TMTb^[V O�joV]\_NcYhVWO�V]KMO B dUNcYhV]Xo\ ¯au2O�ZCY[�MjoO
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Yh���·y-^[\�T0V]jt\_T�^`TMO �B\_O�� Y[XoO�X]O"�³YhV]O�k�VW^Py-^[\_TBV]j�\�T�VWKbO�^[VWKMO�X���\_O�� u0��Y�X]O���YhVo\�^`T�^[��VWKbO
��^`XoN6°

� � ( 
 � ± �`²
J%Kb\_jsZ�^`X]XoO�joy2^`TbkMj�VW^PVU��^cO��B�lYhVo\�^[TMjx��^[X�OCY[ZfK6NcYhVWZfK¦©
!·O�V	�Mj Z�^`TMj§\�kMO�X�VWKMO�y¨�³Y[TbO�TM^`X]NcYh��\�j��´g¹��\�VWK ��� � ��� � �PY[TMk /�� ��\�VWj�k¨\�j§VfY[TMZ�OVW^�V]KMO ^`X§\�ih\�T¦©´J%KbO��$kbO�®lTMO V]KMO�O��B�lY¶V]\_^`T�^[�·VWKMOwyb�³YhTMO���g¨\ © O[© � ��� 1 �E� � � /Y[TMk��¡O&Z�Y[T��tXo\�VWO[°


 �<� � � " #  �E�/ � � � � � 
�� # � : � ��
���� : ��� � �Ç� �E�/ ± �+|0²

S	O�^`NPO�V]Xo\_ZCYh���_�6VWKbO�Z�Y[j]O�^[�´Y?yb�MX]O�X]^[VWYhV]\_^`Ta\_jwj§VWX§\�Z"V]���aj§\�N�\��³YhXsVW^cVWKMO�ZCY[joO#^[�
Y[T
�MTb\_�B�MO&yb�³YhTMO[gMV]KMO	yb�³YhTMO	u2O"\�TMiPVWKbO&y¨�³Y[TbO�Y¶V�\�Tb®MTb\_VU�[gl\ © O[© 
 � 
��#gM��\_V]K �	� / � �b©

S �¡�¡OcY[j]jo�MNPOcV]KlYhV��¡OPKlYC�`OPu2O�O�T¤Y[ub�_O�VW^�O�j§V]\_NcYhVWO?Y B�d NcYhVWX§\�¯�Y[TMk TM^+� ��Y[T0V
VW^6Y[TMYh�_����O�Y�yb��Y[TlY[X	j§VWX]�bZ�VW�bX]OP�tKb\�ZfK¤Xo\_i[\_k�NP^[Vo\�^[T�\_j	Z�^`NPylYhVo\�u¨��OP��\_V]K � ' =b�.) g·�¡O
KlYC�`O	VWKbO	��^h�_�_^+��\�TMi D�kb\_NcO�TMjo\_^`TlY¶��
sZ�^`TMj§VWX]Yh\�T0V�°

� 
 � # 
 � � � � 1 �� 
 � � ± �`��²

Èa^`XoO%yMX]O�Z�\_j]O"�_�[g�jo�MZfKcYwZ�^h�_��\�TbOCYhVo\�^`T�Z�Y[T�u-O�X]O�yMX]O�j]O�TBV]O�kcu0��Ys�[O�Z"VW^`X
��� 
 � ���� � ��� g\A© Oh©¡Q�ylYhXWY[NPO�V]O�Xoj�gl��\_V]K¦°

 � � ����� � ��� " �$# ���� � ��� � � ± ��}`²

½l^`XtY�i[\_�[O�Tay2^[\_T0V �Fgb�¡O&KMY+�[O[gl��X]^[N ± �`²tYhTMk ± ��}`²e°

: � � � � 
 � # � � � � �
� � �


 � ���� � �����
� �
� ��� ����  "

���� � ��� ± �+Q0²

j]^$V]KlYhV V]KMO�kb\_j]yb��Y[Z�O�NPO�T0V�^[�µY$i[\��`O�T�y-^[\�T0V�Z�^`X]XoO�joy2^`TbkMj VW^$V]KMO�Z�^[����\�TMO�YhV]\_^`T�\���YhTMk
^`Tb���$\�� & �   � � �¨©

J%Kb\_jx��Y[joVxO����MYhV]\_^`T6KlY[j�VWKMXoO�O	Z�^[TMj]O����bO�TMZ�O�j�°

� S \_�[O�T¢V]KMX]O�O$TM^`T¤Z�^[����\�TMO�Y[X#y-^[\_T0VWj�Y[Tbk�Y!B dUNcYhV]Xo\ ¯¹g�\_V&\_j�Yh���%YC��j�y-^`j]j§\�u¨��O�V]^
Z�^`NPyM�bVWO&VWKMO�Z�^[����\�TMO�YhV]\_^`Ta^[�;VWKbO#yb��Y[TMO&kMO�®MTMO�k�u0��VWKMO�j]O&VWKMXoO�O#y-^[\_T0VWj�g2Z�^`Tbjo\ d
kMO�Xo\_TMiPVWKlYhV & �   � � ����^`X%V]KMO�joO&V]KMX]O�O	y2^[\_T0VWj�©

� S Vs\�jsy2^`jojo\_ub�_O#VW^?kMO�V]O�X]N�\_TMO�\��"=$y-^[\�T0V]jw^`XsNc^[X]O�YhX]O&Z�^[���_\_TMO�Y[X�g2uB�6�`O�Xo\��¸�B\�TMi$\��
V]KMO j]O"Vt^[��O��B�lY¶V]\_^`TMj�^`ubVWYh\_TMO�k��Mj§\�Tbi ± �+Q0²
��^`X�O�Y[ZfK�y2^[\_T0V%\_j�^[��XWY[Tb£�Qbg�\ © O[©
\���Y
jo�b\_VWY[ub�_O	j]O�Vs^[��kMO�V]O�XoNP\_TlY[T0V]jx�hY[Tb\_j]K¹©� 5�´�»�¨9¨5¦?¬R«R¼Ï½¿±�²³±5¨9®¶¬£«�¼ ÀG¼¾´
¦+*�É¯®°Å�¬�È��?¦ «RÈT¼ Ê ®\W¯Ä³È)W�Å »GÈ°Ê;¼¾¬R´��.½?ÈÂ¨9ÃªÈ\W�¦�WÂ¬£´#Ì%®\W�¼¾´£­ Í�©¯É�¬¹¬£­�¦?»

®°«R¦S­�¦ «R¦SÄ�¦��	W�¦ ÄWÉ¯ÃA¬�È³®9´£½?®¶Å¾¦�Ê�®°½?¬�ÈÂ« Î
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� �������#�#���

� ª KM^�^`j§\�TMi#Y&^[Xo\_O�T0VfYhVo\�^[T?^[�2VWKMOsQ`¥xd j]ylYhZ�O[g¨Y	y2^[\_T0V¡\_j �qu-O�Kb\_TMk ��V]KMOxyb�³YhTMOx\��·YhTMk
^`T¨�_�c\_� & �   � 5 ��Y[Tbk��U\_T$��X]^`T0V�^[�·V]KMO�yb��Y[TMO	�w\���Y[TMk�^`Tb���?\�� & �   � � � ' =M�`gl}	D") ©
» jsY�Z�^`TMj]O��B�MO�TMZ�O��¡O	ZCY[T�\�T¨��O�X%VWKbO&XoO���YhV]\��`O	y-^`jo\�V]\_^`T6^[��YPy-^[\_T0V���\_V]KaXoO�j]y-O�Z"V
V]^?Y�yb��Y[TMO	�Mj§\�Tbi?VWK¨\�jtO��B�lY¶V]\_^`T¦©

� TaVWKbO�XoO��`O�X]joO��_O�Vs�MjsZ�^`TMj§\�kMO�XsV]KlYhVx��O&KlYC�`O�O�joVo\�NcYhV]O�k�YPyb��Y[TlY[Xxkb\_j]yb��Y[Z�O�NPO�T0V
kMO"®lTMO�k6u0��Y�NcYhV]Xo\ ¯ 
¢©"S�\��`O�T�VU�¡^P^[VWKbO�X�y-^[\�T0V]j�TM^[V%\_T$VWKMO�y¨�³Y[TbO ��O�Z�Y[T�O�joVo\�NcYhV]O
VWKbO��`O�Z"VW^`X=��j§\�TMZ�O���X]^`N O��B�lYhVo\�^[T ± �+Q0²x�¡O�KlYC�`O ��� ��� � ��� 
 � $ $"g¹�tK¨\_�_O���OPZ�Y[T
O�j§V]\_NcYhVWOtVWKMOxNcYhVWX§\�¯ �F��X]^`N O��B�lYhVo\�^`T ± �[��²"©;S V´\_j
VWKB�Mj¡�[O�X§�POCY[j§��VW^&O�joVo\�NcYhV]OwY	Xo\_i[\_k
kb\_j]yb��Y[Z�O�NPO�T0V ih\_�[O�T�Y�yb��Y[TlYhX�ylYhVWZfK~Y[TMk�VU�¡^�Y[kbkb\_Vo\�^[TlYh��y-^[\�T0V]j�©
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� � � �	����()���  "�#�#� � B�� � �	��� � ����g0Z�^`N�ub\_Tb\�Tbi#O��B�lY�d
V]\_^`TMj ± D`²%Y[TMk ± �`�+²¡��O	^`ubVWYh\_T6V]KMO �
� �	�%

� � � ��������� � � ���	�8�����l°

� � � � �.� ���%$�� � ± �3=B²

��\�VWK � � ( 
 � gMjo\_TMZ�O	�¡O�KlYC�[O[° �5� � � ( �� 
 � ( � �F©
SUT¤^hVWKMO�X	�¡^`XokMj�g�Z�^`Tbjo\_kMO�X§\�TMi � � \�TMj§VWO�Y[k¢^[� �Fg¦\�V	\�j&Y[j�\����¡Oc�¡O�XoOc\_T�V]KMOPZCY[joO

^[��yM�MX]OPVWX]Y[TMj§�³YhVo\�^[T¦g���\�VWK 
�� �	�¶g·\ © O[©$TbO�\�VWKMO�X�Xo^[VfYhVo\�^[TlYh�
NP^[Vo\�^`T¹g�TM^[X	�hY[X§\³Y¶V]\_^`T
^[�
V]KMO#Z�Yh�_\_uMX]YhV]\_^`T�ylY[X]Y[NPO�V]O�X]j�©�J%Kb\_j jo\_NPyb��\_®lZ�YhV]\_^`T�\_jwy-^`j]j§\�ub�_O[g¹u2O�ZCY[�MjoO�VWKMO�j]O#VU�¡^
��Y[joV	O"¼¹O�Z�VWj�^[Tb�_�~Z�^`XoX]O�j]y-^`TMk�VW^6Y�VWX]Y[TMj§��^`X]NcYhVo\�^`T�^h�µV]KMO�\_N?Yhi`O�yb��Y[TMOPY[Tbk¤YhX]O�TM^hV
X]O"�³Y¶VWO�kcVW^	VWKMOx^`uMjoO�X§�`O�k�j]Z�O�TMO�'Ë�+|¨g =M� ) ©;J%Kb\�j¡NPO�ZfKlY[T¨\�joN \_j¡O��B�b\_�hYh�_O�T0V¡VW^	VWKMOt\�NcY[i[O
X]O�Z�Vo\_®lZ�YhV]\_^`T�\�T�VWKbO&j§VWO�X]O�^cylY[X]Y[kb\_i`N 'Ë�+|")A©

» NP^`TMi6Yh���
y-^`j]j§\�u¨��O�Z�^[�_��\_TMOCYhVo\�^[TMj=
¢g¦�¡O�ZCY[T ZfKM^�^`j]O�V]KMO�^`TMO��tKb\_ZfK�NP\_Tb\_N�\���O�j
VWKbOw\�NcY[i[OwkMO"��^`X]NcYhVo\�^`T¹g¨\A© Oh©
KlYC��\_TMiPY#joO�V�^h��N?Y¶VWZfKMO�j%�tKb\�ZfK�N�\_Tb\�N�\_��O�j%VWKMO�YC�[O�XWYhi`O
X]O"V]\_TlYh��kb\_j]yMY[Xo\�VU�`g-Y[j�kMO"®lTMO�ka\_T6V]KMO	j]O��B�MO"� ©
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S \_�[O�T­VU��^ �B\�O"�tj�g´��O�Z�Y[T O�joVo\�NcYhV]O$VWKMO�ybX]^[pqO�Z�V]\��`O6kMO�ybVWK­��X]^[N O����MYhV]\_^`T ± �0²#YhTMk
yMXo^`ylY[i0Y¶VWO�V]Kb\�j�O�joVo\�NcYhVo\�^`T­\_T­VWKMO�TMOe¯�V���\_O��!�Mjo\_TMi O��B�lY¶V]\_^`T ± <0²e©¢½lX]^[NÇV]Kb\�j���Y[j§V
\_Tb��^`X]NcYhVo\�^[Ta�¡O#ZCYhT�yMX]O�kb\_Z�VwV]KMO#TbO�� X]O"V]\_TlYh���_^¨Z�YhV]\_^`T¦©xÈa^[X]O#ybX]O�Z"\�joO����`g¹��Xo^`N¿O��B�lY�d
V]\_^`TMj ± �0²"g ± Q0²%YhTMk ± ��}`²¡�¡O&^`ubVfY¶\�T¦°

: � � � � � � � $
������ � ��� " # � � ���� � ��� ± �.D`²

J%Kb\_jwZCYhT~u-O��MjoO�k~\_TaV]XWY[Zf£0\_TMi$yMXo^¨Z�O�joj]O�js^`X�dqY[jtkb\_j]Z��Mj]joO�k TM^+�%d�\_T~^[X]kMO�XxV]^c���MjoO
\_Tb��^`X]NcYhVo\�^[TaY¶��^`Tbi?YhT6\_NcY[i`O	j]O����bO�TMZ�O[©
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0 9 0 9 � �6Á � $�-4«M4 Ä -¸�.6 � Á212Á ��� $%ÅM-4�)K $��l� Á � Á «2���
!·O�V?�Mj�Tb^�� Yhj]j]�bNcOaVWKlYhV?j]O"�`O�XWYh�wXo\_i[\�k ^`ubpqO�Z�VWj?��\_V]KFkb\�¼¹O�X]O�TBV$kb\�joyb��Y[Z�O�NcO�T0VWj�Y[XoO
yMXoO�j]O�T0Vs\_T6V]KMO	j]Z�O�TMOh©

J%KMOPyMX]^[ub��O�N Y[X§\�joO�j	KMO�X]O�VWKMYhV	j]O"�`O�X]Yh�´Xo\_i[\_k kb\�joyb��Y[Z�O�NcO�T0VWj&N?YC��Z�^`X]XoO�joy2^`Tbk V]^
VWKbO&j]Y[NPO	N?Y¶VWXo\ ¯2°

� ( � � � �Ç��� � "��
� ��� ��

��� � ± �+�0²

½�\_X]j§VP^[� Y¶�_�Agµ\��xVU��^�Xo\_i[\_k k¨\�joyb�³YhZ�O�NPO�TBV]j�kb\�¼2O�XP^`Tb���¢��Xo^`N V]KMO�N?Yhi`Tb\�VW�MkMO�^[�xVWKbO�\_X
VWX]Y[TMj§�³YhVo\�^[T ���  ��� VWKMO"�~�B\�O"��k�V]KMO�jWYhNcO B dUNcYhV]Xo\ ¯2©�S V \�j�£BTM^+�tT�VWKMYhVCg¹\��)� �.� �
� �
VWK¨\�j#\_j#V]KMO$^`Tb���¢Y[N#ub\_i`�b\�VU�+'Ë�+|,) g;\A© Oh©�VWKlY¶V#VWKbO�X]O?\�j�Ya�MTb\_���bO�kMO�Z�^`NPy2^`j§\_Vo\�^[T­^[���
\��µV]Kb\_j NcYhVWX§\�¯a�`O�Xo\�®lO�j�VWKbO Ts�lYhTMihdq½:Y[�bi`O�X]Y[jwZ�^`TMkb\�V]\_^`TMj�©�S �µV]KMO » dUNcYhVWX§\�Z�O�j�YhX]O�TM^hV
O��B�lY¶�¨V]^sVWKbO¡\_kMO�T0V]\�VU�&\_V�KlY[j�u2O�O�T�kMO�NP^`TMjoV]XWYhV]O�k 'Ë��<")�VWKMYhV�V]KMO¡VU�¡^ Z�^`TMjoV]XWYh\_T0VWj�^`T#VWKbO
ZCY¶�_\_uMXWY¶V]\_^`TayMY[XWY[NPO"VWO�Xoj�glVWKbO���Xo�MyMylYPO��B�lYhVo\�^[TMj�g-Y[XoO&O��B�b\_�hYh�_O�T0VxVW^PVWKMO�VU�¡^ Tx�lY[TMi¶d
½:Y[�Mi`O�XWY[j�Z�^`TMkb\�V]\_^`TMj�g¡jo^�V]KlYhVcY[j�jo^¨^[T Yhj�VWKMO�j]O6O��B�lYhVo\�^`Tbj?YhX]O$�`O�Xo\�®lO�k ��O�^`u¨VfYh\_T
YaNcYhV]Xo\ ¯�^h�%VWKMOc��^`X]N�� ��\_V]K�^`TMO?j]^[�_�bV]\_^`T¢��^[X�VWKbO�Xo\_i[\_k¢kb\_j]y¨�³Y[Z�O�NPO�T0V ± �by¢VW^~Y[T
\_TMkMO�V]O�XoNP\_TlYhVo\�^[T~^[��VWKMO	NcY[i`T¨\_V]�MkMO	^[�; ¶²"©

J%Kb\_jwVWKB�Mj XoOCYh�����~Y¶�_�_^+�tjsVW^�kb\�j§V]\_TMi`�b\_j]K�VU�¡^$X§\�i[\_k�kb\_j]y¨�³Y[Z�O�NPO�T0V]j��My~VW^�Y[T~\_TMkMOed
VWO�X]N�\_TlYhV]\_^`T�^[��VWKbO NcY[i`Tb\�VW�MkbO�^[�� 0©´J%Kb\_j�NcO"VWKM^�k�KlY[j�u-O�O�T6kbO��`O"��^[y2O�k~Y[Tbk�O"¯¨y2O�Xo\ d
NPO�T0VWO�ka\_T
' Q`Q,) g �Mjo\_TMi�YPyMY[XoVo\�Z��b�³YhXt��^[X]N ��^[X%VWKMOCB dUNcYhVWX§\�¯2©

Ts^+�¡O��`O�X�g�\_�µ��OPZ�^`TMjo\_kMO�X	V]KMO��_\�VWO�XWYhV]�MX]OP^`T�V]KMO�j]�Mu¨pqO�Z�V ' Q`|¨g�}`�Bg·Q`Qbg¦Q0}¨g;��}Bg�}[|bg
=U=Mgl�CQ )2Yh�_�2Y[�¨VWKM^`Xojµ\_NPyb��\�Z"\_Vo�_�c^`XµO"¯¨yb��\�Z"\_Vo�_�?j]O�i`NPO�T0V�V]KMOs\_NcY[i`OxZ�^`Tbjo\_kMO�X§\�TMi�VWKlYhVµVWKbO
j]Z�O�TMO	\_jsYPj]O"Vx^[��y¨�³Y[TMY[X�ylYhV]ZfKMO�j�©

J%Kb\_j#\�kbOCY~j§\�NPyb���¢NPO�Y[TMj�V]KlYhV&��O�kM^~TM^hV#Z�^`TMjo\_kMO�X#VWKMO?X]O"�_\_O��t^[��VWKMO?^`ubpqO�Z"V#�¡O
��Y[T0V�VW^&kMO"VWO�Z"VCg��tKMO�XoOCY[jµ��Osjo\_Ncy¨�_\��¸�?V]KMOxNc^�kMO"�¹YhTMk�Z�^`TMjo\_kMO�X�\_V¡Y[j¡u2O"\�Tbi	�:YhV�©
J%Kb\_j
j]O�O�NPj%VW^#u2O O�TM^`�Mi[K$VW^�kMO"VWO�Z�V��tKMO"VWKMO�X�\_V�\�j�\_T$NP^[Vo\�^`T�^[X�TM^[V�g¨�tKb\��_O Z�^`NPyM�¨V]\_TMi�\_V]j
X]O"�_\_O���\�jxY[Tb^[VWKMO�XtyMX]^`u¨��O�N6©

J%KMO�XoO���^`XoO[gtjo\_N�\_��Y[X§�_� Y[j?u2O"��^`X]Ohg�VWKMOayMX]^[ub��O�N Y[Xo\_j]O�j?VWKMYhV�joO��[O�XWY¶� Xo\_i[\_kFyb��Y[TlYhX
kb\_j]yb��Y[Z�O�NPO�T0VWjsNcY+��Z�^`X]XoO�joy2^`Tbk6V]^PV]KMO	jWY[NPO&NcYhVWX§\�¯2°
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 " #  � / �
�
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� � � ± ���`²

½�\_X]j§V ^[�µYh���Ag¹\_�
VU�¡^�Xo\_i[\_k�kb\_j]yb��Y[Z�O�NPO�T0VWj&kb\�¼¹O�Xw^`T¨�_�6��X]^`N�VWKbO#NcY[i`Tb\�VW�bkMO�^`X j§\�i[T�^[�
VWKbO�\_X�VWX]Y[TMjo��YhVo\�^`T¹gbVWKMO"���B\_O��_k�V]KMO j]Y[NPO��6dUNcYhV]Xo\ ¯¹g¨Z�^`Tbjo\_kMO�X§\�TMi�VU�¡^Pyb�³YhTMO�j%��\�VWK�VWKbO
jWYhNcOc^`X§\�O�TBVWYhV]\_^`T¤uM�bV�kb\_¼2O�XoO�T0V�k¨\�j§VfY[TMZ�O�j&VW^aV]KMOc^`Xo\_i[\_T¦©�S V&\�j�Yh�_j]^a£�Tb^��tT¤VWKlYhV�g�\���	�<� � �C�sV]Kb\_j�\�j¡VWKMO�^`T¨�_��Y[N#u¨\�i`�¨\_VU� ' �+|") ©2�x^��	g�\�T�V]KMO �MT¨d ZCYh��\_uMXWYhV]O�k�Z�Y[j]Ohgb\_���¡O
Z�^[TMjo\_kMO�X¡VU��^�Z�^[���_\_TMO�YhV]\_^`TMj 
 � ( � � 
 
 � � � � Y[Tbk�
 " ( � � 
 
 " � � � \_V¡\�jµZ��_OCY[XµVWKlY¶V

 � (;
 " 1 � � ( � " g·uM�bV � � Y[TMk ��" Z�^`X]XoO�joy2^`TbkMj�VW^$VWKbO�ZCYh��\_uMXWYhV]O�k ZCYhj]O[g�YhTMkY[XoOsVWKB�Mj�O��B�b\_�hYh�_O�T0V�\���Y[TMk�^`T¨�_�P\���V]KMO��?Z�^[X]X]O�j]y-^`TMk$V]^#VWKMOwjWY[NPO X§\�i[\_k�kb\_j]yb��Y[Z�O�NPO�T0V
�My�VW^�VWKbO&NcY[i[Tb\_V]�MkMO	^[��VWKMO�V]XWY[TMj§�³Y¶V]\_^`T¦©

½�\_TlYh���_�[g�Z�^`TMj§\�kbO�Xo\_TMi Y�Xo\_i[\�k kb\_j]yb��Y[Z�O�NPO�T0V�X]O�yMX]O�j]O�T0V]O�k u0�FY B�d N?Y¶VWXo\ ¯ Y[TMkFY
yb��Y[TlY[X
X§\�ih\�kPkb\_j]yb��Y[Z�O�NPO�T0V%XoO�yMXoO�joO�T0VWO�k�u0�PY��6dUNcYhV]Xo\ ¯2g`\_V´KlYhj¡Y¶��jo^&u-O�O�T?O�joVWY[ub��\�joKMO�k

V5VXW:Y�Z\[�[\]
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VWKMYhV VWKbO�j]O�VU�¡^�ylY[X]Y[NPO�VWO�Xo\_�CYhVo\�^[T�Z�^`X]XoO�joy2^`TbkMj VW^$V]KMO�jWY[NPO�X§\�i[\_k�kb\_j]yb��Y[Z�O�NPO�T0V��My
VW^�V]KMO	N?Yhi`Tb\�VW�MkMO	^[��VWKbO	V]XWY[Tbjo��YhV]\_^`T¦gM\��;YhTMka^[Tb�_��\_��O��B�lYhVo\�^`T ± �[��²¡\�j��[O�Xo\�®lO�k ' =M�.)A©

J%Kb\_j�j]KM^+�tj�VWKlY¶V$^`�MX�O��B�lYhVo\�^`Tbj�Yh�_�_^+�tj$VW^�k¨\�j§V]\_TMi`�b\_j]K u-O�VU�¡O�O�T VU�¡^ k¨\_¼2O�XoO�T0V
Xo\_i[\_k kb\�joyb��Y[Z�O�NcO�T0VWj�\_T¤Y[T0��ZCY[joO[©cÈa^[X]O�^+�[O�X�g��`O�Xo� ^[�¸V]O�T¦g¦V]KMOPX]O"V]\_TlYh�´kb\_j]yb��Y[Z�O�NPO�T0V
\_jwVfY[£hO�T Y[j Y�X]O"V]\_TlYh�;k¨\�joyb�³YhZ�O�NPO�TBV 'Ë��}�g¹Q`Q¨g¦}[|¨g¹Q0}�g��+Q")�u2O�ZCY[�bj]O#V]Kb\�j�NP^�kMO���^[�¡}[¥td
kb\_j]yb��Y[Z�O�NPO�T0V�\�j��B�b\�VWO~X]^`uM�bjoV�VW^¢kMO�V]O�Z�V�g Y[TbkF\�j�jo��FcZ�\_O�T0V�\�T=NP^`j§V�O"¯¨y-O�X§\�NPO�T0VWYh�
jo\�VW�MYhV]\_^`TMj�© » j&��^[X VWKMOPX]O"�_\_O���^[�µVWKMOP^`ubpqO�Z�V�g�TM^[TMOP^[�¡V]KMO�joO�YhyMyMX]^`Y[ZfKMO�j&YhVoVWO�Ncy¨V&V]^
O"¯¨yb��\_Z�\�V]��� X]O�Z�^+�`O�X�V]KMO�Xo\_i[\_k NP^[Vo\�^[T­^`X#VWKbO�Q`¥xdUj§VWXo�MZ�V]�MX]O�^[�tVWKbO�kMO�V]O�Z�V]O�k NP^��B\_TMi
^`ubpqO�Z�V]j�©

354�� � H)1?<
2�&=H+:=<?IT> HT>�� &=8*/0I.>LKf: &=F�/#:=<JIT>�4
ª ^`TMj§\�kbO�Xo\_TMi�X]O�Z�O�TBV	Z�^`T0VWX§\�uM�¨V]\_^`TMj	^`T�j§\�TMi[�b�³YhX�kb\�joyb��Y[Z�O�NcO�T0VWj&Y[TlYh����jo\_j���O�Tb^�� kMOed
�`O"��^[y�KM^+� j]�bZfK�Z�^`Tb®Mi`�MXWY¶V]\_^`TMjsYh�_�_^+� VW^?j]^[���`O�ZCYh��\_uMXWYhVo\�^[T�Y[TMk6X]O�Z�^`TbjoVWXo�MZ�Vo\�^[T�yMX]^hd
ub�_O�NPj�© Æ y-O�Z"\_®lZ&Z�^[TBV]Xo\_uM�bVo\�^`TbjsKlYC�[O&u-O�O�T~i[\��`O�T6\_TaYPjoO�Z�^`TMk~yMY[XoV�©
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� O�Z�Y[T~XoO�Z�^[TMjoV]X]�MZ"V VWKMO�º
�MZ���\_kMOCY[T~y2^`j§\_Vo\�^[T � ^[�´YPy-^[\�T0V �Fg:�Mjo\_TMi?O��B�lYhVo\�^`Tbj ± �+²
Y[TMk ± �`²¡��X]^`N�°

� � ��� � ��� � �	� �� ��� ��� � � $ ± ��<0²

uM�bV�g¨\_T$^`�MX¡ZCY[joO[g���O kb^�TM^[V�£�Tb^�����g �&Y[TMk ��� � ��� g�Y[TMk�V]KMO XoO�Z�^[TMjoV]X]�MZ"V]\_^`T$\�j�kMO�®lTbO�k
�My¢V]^aV]KMO D�ylY[X]Y[NPO�VWO�X]j�^h�!��g�V]KMO$Q6ylY[X]Y[NPO�VWO�X]j �Q� 
�
 � �� � � Y[TMk¢Yaj]Z�Yh�_O"d �4YhZ�VW^[X��� � ��� ©

S �
��O�kbO�®lTMO�VWKMO�yMY[XoVo\�Z��b�³YhXwX]O�Z�^`TbjoVWXo�MZ�Vo\�^[T�^[ubVfYh\_TMO�k���^`X�� � ��Y[TMk � �"�$YhTMk��� � ��� � �`g%\A© O[© ��
�� �� � VWKMO~X]O�Z�^`TMj§VWX]�bZ�VWO�k y2^[\_T0V � \_j$X]O"�³YhV]O�k V]^ ��
�u0�FVWKbO
��^[����^+��\_TMicX]O���YhVo\�^`T¹gM^`ubVWYh\�TbO�k���X]^`N ± ��<0²e°

��
9� �� ��� � � ��� � ��� � �	� ��

� � ��� � ��
¶$ ± �+�0²

�tKb\_ZfKc\_jµY ylY[X§V]\_Z��b��Y[X
yMXo^[pqO�Z"V]\��`OtVWXWYhTMjo��^`XoN ^[�:V]KMOtQ`¥xd j]ylY[Z�O[gBylY[X]Y[NPO�V]O�Xo\_��O�k?u0� ��� � ��� g� Y[TMk ��©
S ���¡O	£�Tb^�� VWKMO&YGFcTMO	joV]X]�MZ"VW�MXoO�^h��V]KMO	j]Z�O�TMO[gl\A© Oh©2��g¨��O&ZCY[T6kMO"®lTMO&jo\_NP\���Y[Xo���-°

���L� �� ��� � � � � $ �
� � ��� � ��� � �	� ��� ± }[|0²

�tKb\_ZfK~\_jxXoO���YhVWO�kaV]^cV]KMO#º
�MZ"�_\_kMO�Y[T~j§VWX]�bZ�VW�bX]O#^h��V]KMO�joZ�O�TMO#�My�VW^?YPylY[XoVo\�Z��b��Y[XxYGFcTMO
VWX]Y[TMj§��^`X]N ^h��V]KMO&Q`¥ j]ylY[Z�O[g:i[\��`O�T~u0� ��©

J%KMOµi[��^[ulYh�Bj]Z�Yh�_O´�4YhZ�VW^[X ��� � ��� ZCY[TbTM^[V�u2O´XoO�Z�^+�[O�X]O�k�jo\_TMZ�Oµ�¡O�YhX]O´�Mjo\_TMisYxNP^`Tb^¨Z��b�³YhX
jo��j§VWO�N�©
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0 9 I 9 0 ����¬ � Á �[�.- 1-Á � Á $�7 Ã �`� $�-������b�.-�¬-«
J%KMOsyMX]^[pqO�Z�Vo\_�[O�ZCYh��\�ubXWYhVo\�^`T?Z�^`Tbjo\_joVWj¡\�T$Z�^`NPyM�bVo\�TMi�VWKMOx���MTMklY[NPO�TBVWYh�2N?Y¶VWXo\ ¯ ��©´½l^[��d
�_^���\_TMi ' Q`�,)���O�ZCYhT O�\�VWKbO�X�Z�^`NPyM�¨VWO VWKb\_jaNcYhV]Xo\ ¯ \�T VWKbO�Z�Y[j]O�^[��Y i`O�TMO�X]Yh�	Xo\_i[\_k
kb\_j]yb��Y[Z�O�NPO�T0V ^[X�O�\�VWKMO�Xx\_T�VWKMO	ZCYhj]O&^[��jo^`NPO	ylY[XoVo\�Z��b��Y[Xtkb\�joyb��Y[Z�O�NcO�T0VWj ± j]O�O�}¨© Qb© �`²"©

½lX]^`N V]KMOc���bTMklY[NPO�T0VWYh��NcYhV]Xo\ ¯2g���O�Y[X]O?Y[ub�_O?V]^aO�joVo\�NcYhV]O�VWKMOcO�y¨\�y-^[�_O���Yhj�VWKbO
TB�b�����[O�Z�V]^`X ^[�
� Y[j2� � � 
��X$ �'���·©sJ%KB�MjwKlYC��\_TMi�� YhTMk �[g:��O�ZCY[T~Z�^`NPyM�bV]O ± �Mjo\_TMi
O��B�lY¶V]\_^`T ± �0²]²¡V]KMO	X]O"V]\_TlYh��yMXo^+¯�\_N�\_VU� � � ©
0 9 I 9 I � �­« Á � Á $�7 Ã �`� $�-������b�.-�¬-«
SUT�VWKMO	i`O�TMO�X]Yh��ZCY[joO���O&ZCY[T�� VxZ�^[Ncyb�bVWO�VWKbO&Z�^[���_\_TMOCY¶V]\_^`T~^[��VWKbO&y¨�³Y[TbO�Y¶V�\�Tb®MTb\_VU�[gl\�d O
VWKbO	YGFcTMO	ZCYh��\�ubXWYhVo\�^`T¹© Æ O��[O�XWY¶��Yh�bVWKM^[X]j��MjoO&yMY[XWYh���_O��¦��\�TbO�j�VW^PO�j§V]\_NcYhVWO=
�� uM�¨V�\_V�\_j
TM^[VtO�Y[jo��V]^P£�Tb^�� �tKMO�XoO#Y[XoO�j]�MZfKaylY[X]Yh�_�_O��·��\_TMO�j�©

SUT�^`�MX&ZCYhj]O?�tKbO�X]O?��Oc�%Y[T0V�VW^~O�joVo\�NcYhV]O�VWKMOcjoV]X]�MZ"VW�MXoO$^[�%V]KMO�joZ�O�TMO[g��¡O$Z�Y[T�� V
Y[joj]�MNPO?V]KlYhV&��Oc£BTM^+�zj]�MZfK¢Z��MO�j�©�SUT¤V]KMO?Z�Y[j]Oc^[��jo^`NPO?yMY[XoVo\�Z��b�³YhX�kb\_j]y¨�³Y[Z�O�NPO�T0V]j�g
�¡O�Z�Y[T�jo\_Ncy¨�_\��¸��O��B�lYhVo\�^[T ± Q`²%Y[TMk�Z�^`NPyM�¨VWO!
��#°

� SUT�VWKMO?ZCY[joO�^[�%YaX]^hVfYhVo\�^`T¹g�Yh���´VWKMOcy-^[\�T0V&\�T¤VWKMOcj]Z�O�TMO�YhX]OcX]O���YhV]O�k¦g���X]^`N ^`TbO
�B\_O�� V]^PV]KMO	^[VWKbO�X�glu0��YhT6�bTb\��B�MO&Z�^h�_��\�TbOCYhVo\�^`T¤° 
��#©
Tx^��¡O��[O�Xt��O	N��MjoVxTM^[V]O	KMO�XoO VWKlYhV��¡O	ZCY[T�� VxO�j§V]\_NcYhVWO�\���V]KMO�kb\_j]yb��Y[Z�O�NPO�T0Vw\_jtY
Xo^[VfYhVo\�^[T�^`X�\����¡O	Y[X]O �_^�^`£0\�TMiPY¶VxY��MTb\_���bO&y¨�³Y[TMY[X%joV]X]�MZ"VW�MXoO[© � O�Z�Y[T�j]�Myby2^`joO
KMO�X]O&VW^�i[O�VxVWKb\_js\_Tb��^`XoN?Y¶V]\_^`T~��X]^[N VWKMO&��\_jo\_^`T�j§��joVWO�N �tK¨\�ZfK�Z�Y[T�pq�Mj§V j]y-O�Z"\_�¸�
\��¡V]KMO�kb\_j]yb��Y[Z�O�NPO�T0V#\_j&Y�X]^[VWYhV]\_^`T�^`X	Y[Tb^[VWKMO�X�^`TMOh©PJ%K��bj	�¡OcZCY[T kMO"VWO�Z"V	VWKb\_j
ylYhXoV]\_Z��¨�³Y[Xtkb\_j]y¨�³Y[Z�O�NPO�T0V Y[TMk�Z�^`NPyM�¨VWO	VWKb\_jtZ�^[���_\_TMO�YhV]\_^`T¦©

� » TM^[VWKbO�X´£BTM^+�tT�Y[Tbkc��\_kMO����P�MjoO�k�Z�Y[j]Ohg0\�j
VWKbOxZ�Y[j]Ot^[�¹Y	yM�MX]O�V]XWY[TMj§�³Y¶V]\_^`T¦g`��\�VWK
Z�^`TMjoVWY[T0V�\_T0VWXo\_TMj§\�ZaylY[XWYhNcO"VWO�X]j�© » j � � � �%YhTMk " � �¶g��¡O~KlYC�[O~jo\_NPyb���

��*���h© � O�ZCY[T6TM^[V]O�KMO�XoO VWKlY¶V�VWXWYhTMjo��YhV]\_^`TMj�^h�¸VWO�T�^�Z�Z��MX]j�uM�¨V��tKMO�T���O	�MjoO
Y[Z"V]\��`Ow�B\_j]�lY¶�¹j§�¨j§VWO�Ncj�gM��OsZCY[T�� V%Yh�_��YC��j�Y[j]jo�MNPOw�¡O�Y[X]Ox\�T?VWKb\_j�Z�Y[j]Os^[��Y K 
�� Á
V]XWY[TMj§�³Y¶V]\_^`T¦©

0 9 I 9 / � 
��%$�-4Å Á �l« � Á $$7 Ã �`� $�-4�����b�.-�¬2«´� 4 Á « Á ��� $%�`�M� Á
!·O�Va�Mj��tXo\�VWO�� � ��� � YhTMk�� �,� � � � � � ©¿º´Y[ZfK �wdUNcYhVWX§\�¯ \�j�\�T ^`TMOed VW^¶dU^`TMO
Z�^[X]X]O�j]y-^`TMkMO�TMZ�O&��\_V]K6V]KMO » d N?Y¶VWXo\ ¯�� ' =0|,) ©

S ����O�Oe¯¨yb�_\_Z�\�V$V]KMO~�4Y[Z"V�VWKMYhV�� \_j�Y[T ^[XoVWKb^`i`^`TlY¶�wNcYhV]Xo\ ¯ \_T VWKbO~kMO"®lTb\�V]\_^`T=^[�
O��B�lY¶V]\_^`T ± =B²"g¨��O&^`ubVWYh\�T¹° � � ( 
��	� 
 � � ± }`}`²
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�tKb\_ZfKa�_OCY[kbjtV]^ ± N#�b��V]\_yb���B\�TMic��O"�¸VxY[TMk6Xo\_i`K0VxuB� ��+²"°
�� � � �� ( � � � � ± }[Q0²

�tKb\_ZfK�Z�^`X]XoO�j]y-^`TMkbj´V]^ �8 �C�#�����������������%�¨O��B�lYhVo\�^[TMj´£�Tb^��tT?Y[j;V]KMO �	Xo�MyMylY�O����MYhV]\_^`TMj�©
J%KMO�j]O%O����MYhV]\_^`TMj�ZCY[T�u2OµOCY[j§\_���&NcY[kMO�Oe¯¨yb�_\_Z�\�V
Z�^`TMjo\_kMO�Xo\_TMiwVWKbO¡j§\�TMi[�b�³YhX§d �hYh�_�MO¡kMO�Z�^`N�d
y-^`jo\�V]\_^`T�^[� � i[\��`O�T�\�T~O��B�lYhVo\�^`T ± QU<0²e© » �¸V]O�Xsj]^`NPO�Yh�_i`O�uMXWYbg2O��B�lYhVo\�^[T ± }`}`²�X]O�kM�MZ�O�j
VW^b° ��

���
� � � �

� ��
� � � �

� "�
� " � �

� "
���
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�

��
 � $ " � � � � � �
 � 
 " � � � � � "��
 " $ " � �" � � "
���
	 � � ± }G=B²

�tKb\_ZfK¦g-Y[jtY�Z�Xo^`j]jqdUyMXo^¨kb�MZ�V�gM\�jtO��B�b\��hYh�_O�T0VtVW^?}#O��B�lYhVo\�^[TMj�©¡J%KMO�����\_O��_k6���MY[XoVo\�Z	O��B�lY�d
V]\_^`TMjc\�T V]KMOa\_T0VWX§\�TMj§\�Z�yMY[XWY[NPO"VWO�Xoj$TM^[V�OCY[j§\_��� ZCYh�_Z��b��Y[ub�_O/'Ë�`�.)x�tKb\_ZfK YhX]OaV]KMO~^[Tb�_�
O��B�lY¶V]\_^`TMjt��O	ZCYhTa^`u¨VfYh\_T���^`X�j]O"�_�³d ZCYh��\�ubXWYhVo\�^`T�\_T6V]KMO	i`O�TMO�XWYh��Z�Y[j]Oh©

J%KMO�joOtO��B�lYhVo\�^`TbjµKMY+�[OxY[T�\�NPy-^`XoVWY[T0V´TMO�i`YhV]\��`O�Z�^`TMj]O��B�MO�TMZ�O#° �#� �#�%��
O��� ��� �	��
������� � ��� ��

���������	�%� 
��	�'��()� �	�8����� � �	��� � ��� ����� �	���!���%��
@���������

��8�#�	���2�	����� �#� ��� � ���Q�����
����()���
� � ����� � ��
��	�'��()���	� �@� � 
���� ����glO��`O�Ta��\�VWK6^`�MX�j§\�NPyb�_O�NP^�kMO���^h��O����MYhV]\_^`T ± ��²e©

� O�N#�Mj§V \_TBV]X]^�kM�MZ�O�Y[TM^hVWKMO�X Y[joj]�MNPybVo\�^`T¹g¹j]�bZfK Y[jsV]KMO��4Y[Z"VsV]KlYhVxVWKMO�j]O�yMY[XWY[NPOed
VWO�X]j?Y[X]O�Z�^`TMjoVWY[T0V 'Ë��< )t^[Xck¨\�joZ��Mjoj�VWKMO�Z�Yh�_\_uMX]YhV]\_^`TF�bjo\_TMi�Y[Tb^[VWKMO�XPNcO�ZfKlY[Tb\_j]NPj�gsYhj
kMO"�`O��_^`y-O�kaTM^+�	©

0 9 I 9 ; � 
��%$�-4Å Á �l« � Á $$7 Ã �`� $�-4�����b�.-�¬2«´� 
��3-4«M4��.6 Á ���­« Á �`� $�-4�����b�.-�¬-« 9
SUTaV]KMO#Z�Y[j]O&�tKMO�XoO�V]KMO#Z�Yh�_\_uMX]YhV]\_^`T~yMY[XWY[NPO"VWO�Xoj Y[XoO�Z�^`TMj§VfY[T0VCg2Y[TMka£BTM^+��\�TMi 
�� �¡O
ZCYhTaO�Y[jo\��_��Z�Yh�_Z��b��YhVWO�V]KMO�\�T0VWX§\�Tbjo\_Z�Z�Yh�_\_uMX]YhV]\_^`T6ylY[XWYhNcO"VWO�X]jtjo\_TMZ�O	�¡O�KlYC�[O[°

� � 
��/ , � � 
��'$ 3� � .!/ � � �
�/ , � ����$ � � � � � � � �� �������¿����$ � �� ± }UD`²

�tKMO�X]O
�
\_j#V]KMO$�MTlYhXo���`O�Z"VW^`X#^[��VWKMO$Y¶¯�\�j�^[��V]KMO$Xo^[VfYhVo\�^[T�Y[TMk �6VWKMO�YhTMi[�_O�^[�tVWKbO

X]^hVfYhVo\�^`T¹©;SUT$VWKMOwi`O�TMO�XWYh�¹ZCY[joOw�¡O�KlYC�`O / , � � � $�� �"! �$# , � � $�� ��YhTMk$��OwZCY[T�XoO�Z�^+�[O�X
VWKbO	\_T0VWX§\�TMj§\�Z&ylY[X]Y[NPO�V]O�X]jt^`T¨�_�6Yh�¸V]O�X%VU�¡^?Xo^[VfY¶V]\_^`TMj�TM^[VsY[Xo^`�MTMk�V]KMO	jWY[NPO�Y¶¯�\�j ' =0|")A©

� O	Y¶��jo^�X]O�Z�^+�`O�X � �My�VW^PY�joZCYh�_O �4Y[Z�V]^`X�gbY[j%VWKbO TB�b�_�·�[O�Z"VW^`X�^[� � j§\�TMZ�O���O�KlYC�[Oc°

� � � �b©
� \_V]K6V]KMO	NP^¨kMO"��^[��O��B�lYhVo\�^`T ± �+²¡��O&^`ubVWYh\�T�V]KMO���^[�_�_^+��\�Tbi?O����MYhV]\_^`TMj�°

%&&&&&&' &&&&&&(
) �\� � 
 � ) "}� � �) �\� � � � ) " � � �

� ) � � # ) � � $ � 
 � ) " � � � � ) "}� � �) "}� N
";# ) �\� 
 � # ) � � � � # ) �J" � �) " � N " # ) � � 
 � # ) �\� � � # ) � " � �

± }[�0²

�tKb\_ZfK�Yh���_^�� VW^PX]O�Z�^+�`O�X ��
 � ��� � �¶N¹$�Yh�¸V]O�Xt^`TMO	Xo^[VfYhVo\�^[T�O"¯¨Z�O�ybVw\��q°

) "}� � � A 

. ��� $
N 
 � � � � .0/ ) " � � A 
�. ����$

N 
 � � � ± }`�`²
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J%Kb\_j;jo\_TMi`�¨�³Y[X�Z�^`T¨®li`�MX]YhV]\_^`T#Z�^`X]XoO�joy2^`TbkMj�VW^wYsXo^[VfYhVo\�^[T�Y[Xo^`�MTMk#V]KMO�^[ybV]\_ZCYh�¨Y¶¯�\_j;^`Tb���`©
» j���^`X�V]KMO�yMXo^[pqO�Z"V]\_^`Ta^h��V]KMO�VWX]Y[TMjo��YhVo\�^`T � �¡O&Z�Y[T�kMO�V]O�Z"Vx\���VWKMO	Xo^[VfYhVo\�^[T�Y¶¯�\�j%\_j

ylY[X]Yh����O"�·VW^�VWKMO	XoO�V]\_TlYh��y¨�³Y[TbO&j§\�TbZ�O�
 " � � 1 � " � �¨©

0 9 I 9 � ����¬�K���4-�¨�.-A«54¤��6 Á �`� $8-������b��-4¬-«:9
!·O�Vs�MjwZ�^`TMj§\�kMO�X O��B�lY¶V]\_^`TMj ± =0�0²tY[TMk ± }`}`²tY[i0Y¶\�T¦©tJ%KbO�j]O#O��B�lYhVo\�^`Tbj KlYC�`O&VU��^$NcYhpq^[X
Z�^[TMj]O����bO�TMZ�O�j�°

� » j�j]^�^`TFY[j?V]KMOaZ�Yh��\�uMX]YhV]\_^`T yMY[XWY[NPO"VWO�Xoj�© \ © O[© � Y[Tbk � YhX]O6£�Tb^��tT \_T ^`TbO
�B\_O��	g�V]KMO�\_X&O�joVo\�NcYhVo\�^[T�ZCY[T�u-O?yMXo^`ylY[i`YhVWO�k�\_T�Yh���
VWKbOc\_NcY[i`Ocj]O��B�MO�TMZ�O��Mjo\_TMi
O����MYhV]\_^`T ± =0�0²¡��^[X���Y[TMk�VWKbO�T¦gl£BTM^+��\_TMi �BgM�Mj§\�Tbi?O����MYhV]\_^`T ± }`}`²µ��^[X �¢©
�w�sZ�^`�MXoj]OhgµV]KMO�yMX]O�Z�\_jo\_^`TF^[�xVWK¨\�j�O�joV]\_NcYhV]\_^`T ��\_���tkMO�Z�X]O�Y[j]O���\�VWK V]\_NcOhg�j§\�TMZ�O
O�X]X]^[X]j?��\���� Y[Z�Z��MN��b��YhVWOhgxub�bV�\�V�Yh���_^��tj?VW^¢Z�Yh��\�uMX]YhVWO~YhV�Y¢i[\��`O�T \�TMj§VfY[T0V�YhTMk
NcYh\_T0VfYh\_T6V]Kb\_jt\_Tb��^`XoNcYhV]\_^`T���^`XtYPZ�O�X§VfYh\_T6y2O�Xo\_^¨k�^[��V]\_NPO[©

� J%KMO�joZCYh�_O��4Y[Z�V]^`X�\_TMkMO"VWO�XoN�\�TlY¶V]\_^`T6\_jt�MTb\_�B�MO���^`X�VWKbO �tKM^[�_O�j]O��B�MO�TMZ�O�jo\_TMZ�O��¡O
Z�Y[TaO�joVo\�NcYhV]O ��� � � ��� � ��� � ��� u-O�VU�¡O�O�T~O�Y[ZfK~Z�^`TMj]O�Z��bVo\_�[O#kb\_j]y¨�³Y[Z�O�NPO�T0V]j�©

� O�N��MjoVckb\_j]Z��Mj]jP^`TbO�y2^[\_T0V�KMO�X]O[©¤SUT­�4Y[Z�V�g
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J%KMO­X]O"�³Y¶VWO�k Z�^`TMj§VWXWY¶\�T0VWj YhX]O¤�4YhXa��X]^[N KlYC�B\_TMi=TMO�i`YhV]\��`O­yMXo^`y-O�XoVo\�O�j�©Ç� T VWKbO
Z�^[TBV]XWY[X§�`gtVWKMO"�F\_TMkM�MZ�O�Y[kMkb\�V]\_^`TlYh�wO��B�lYhVo\�^[TMj��tKb\�ZfK KMO"��y jo^[�_�B\_TMi­VWKMO�XoO�Z�^`TMjoV]X]�MZed
V]\_^`T?^`X´ZCYh��\�ubXWYhVo\�^`T?yMX]^[ub��O�N�©´½:�bXoVWKbO�X]NP^`XoO[gBVWKMOxO�j§V]\_NcYhV]\_^`T$^[�2VWKMOskb\_j]yb��Y[Z�O�NPO�T0VtY[XoO
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ª ^`TMj§\�kbO�Xo\_TMi�O��B�lY¶V]\_^`TMj ± D[²"g ± ��}`²xY[TMk ± �[��²t�¡O�KlYC�`O�V]KMO#��^[����^+��\_TMi�kb\_X]O�Z�V�Z�^`NPyM�bVfY�d
V]\_^`TMj�°

� � O	^`ubVfY¶\�T�kb\_X]O�Z�V]��� ����X]^`N ��gM��^`XtY[T0��Xo\_i[\_kak¨\�joyb�³YhZ�O�NPO�TBV�©

� � Ow^`u¨VfYh\_T$kb\_X]O�Z�V]��� � ��Xo^`N 
 YhTMk���g¨\���Y�y¨�³Y[TMY[X�kb\_j]y¨�³Y[Z�O�NPO�T0V�\_j�Z�^`NPylYhV]\_ub�_O
��\�VWKaY�Xo\_i[\�k6kb\_j]yb��Y[Z�O�NPO�T0VC©

� � Ot^`ubVfY¶\�TPkb\_X]O�Z�V]���3� ��Xo^`N 
 Y[Tbk �t^[�¹Y&X§\�ih\�kPkb\_j]yb��Y[Z�O�NPO�T0V�\_j´^`ubVWYh\�TbO�kP��X]^`N
VU�¡^?X§\�ih\�k6kb\_j]yb��Y[Z�O�NPO�T0VWj�©

j]^?VWKlYhVs��O#ZCY[T�Z�^`NPyb��O"VWO#V]KMO#O�joVo\�NcYhVo\�^`T�^h�
VWKMO�kb\�joyb��Y[Z�O�NcO�T0V�yMY[XWY[NPO"VWO�Xoj�Y[jsj]^�^`T
Y[j��¡O&^[ubVfYh\_T6j]^`NPO	O�j§V]\_N?Y¶VWO�jx^[��VWKMO�N�©

½l�MXoV]KMO�XoNc^[X]O[g:��\�VWKaV]KMO&yMX]O"��\_^`�MjsO��B�lYhVo\�^[TMj�g:VWKMO	��^[����^+��\_TMi�k¨\�XoO�Z�VsZ�^[Ncyb�bVfYhVo\�^[TMj
Y[XoO�YC�hYh\��³Yhub��OhgM��X]^`N O��B�lYhVo\�^[TMj ± }UD`²eg ± }[�`²�Y[TMk ± =B²e°

� � O	^`ubVfY¶\�T�kb\_X]O�Z�V]��� � � �f�V&¹� "��  ���X]^[N 
�� Y[TMk ��©

� � O	^`ubVfY¶\�T�kb\_X]O�Z�V]��� � �V&¹� "���Xo^`N 
��#©

� � O	^`ubVfY¶\�T�kb\_X]O�Z�V]���� 	��X]^`N	&~YhTMk���©

� � O	^`ubVfY¶\�T�kb\_X]O�Z�V]��� 
�� ��X]^[N ��YhTMk���©
Èa^`XoO�^+�`O�X�g�Z�^`TMj§\�kbO�Xo\_TMi�Y�yMX]O"��\_^`�MjµO�j§V]\_NcYhV]\_^`Tc^[�:VWKMOtZCY¶�_\_uMXWY¶V]\_^`TPylY[XWYhNcO"VWO�X]j�g0�¡O

KlYC�`O	VWKbO	��^h�_�_^+��\�TMiP��O�O�k¨d ��^[Xo��Y[X]k�O�j§V]\_NcYhV]\_^`T¦°

� �xjo\_TMi�O����MYhV]\_^`T ± =0�0²�Y[TMk~Y[T~O�joVo\�NcYhVo\�^`Ta^[�
� ��O�^`ubVfY¶\�T ��Y[TMk ��� � ������ � � ��� ��Xo^`N VWKbO
yMXoO��B\_^`�MjxO�joVo\�NcYhVo\�^[Ta^[� � �³©

� �xjo\_TMi�O��B�lY¶V]\_^`T ± }`}[²&Y[Tbk­Y[T�O�joV]\_NcYhV]\_^`T�^h���zY[TMk ��VWKB�Mj�
�� �¡O$^`ubVWYh\_T &
��Xo^`N Y�yMXoO��B\�^[�MjsO�joVo\�NcYhVo\�^`Ta^[� & � ©

� � �h�% � � �����x��� � �t����� ��� ���6���!�¦������� � �F����� �	���

�³4 6 � 8*/
IT>AK : &ËF�/�:=<?IT> FAK <?>A@ :ËBL8 �A8��L:=B., &=I)( (	I+:=<JI.> 8EDGFLH+:Ë<JIT>AK
» j?kMO�joZ�X§\�u-O�k yMXoO��B\�^[�Mjo���`gtVW^�XoO�Z�^`TMjoV]X]�MZ"V�kMO�ybVWK¦g��¡O��MjoOaVWKbO�kMO�y¨VWKF��Xo^`N Nc^hV]\_^`T
O��B�lY¶V]\_^`TMj��tKb\�ZfK#Yh����^+�¢V]^tO�joVo\�NcYhV]OµV]KMO´kMO�y¨VWK	��X]^`N9VWKMO´Z�^[X]X]O�j]y-^`TMkMO�TMZ�O�j�©´J%KMO�X]O"��^`X]Ohg
VWKbO�O��B�lYhVo\�^`T��MjoO�k VW^�Z�^[Ncyb�bVWOPkMO�ybVWK�N#�Mj§V&u2OPY[j�j§VfY[u¨��OPY[j�y-^`jojo\_ub��Oh©�!·O�V	�Mj�TM^+�
Y[TlY¶�_����O�V]Kb\�jxy-^[\�T0V�©

S ���¡O�VfY[£hO&V]KMO	Z�X]^[j]jtyMX]^�kM�MZ"Vt��\_V]K���\�T�O����MYhV]\_^`T ± }`²"g¨��O&^`ubVWYh\�T¹°

� � � �T� � � $S� � � �5� 
�� � $
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^`ubVWYh\_T¦°
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�� \�T6O��B�lY¶V]\_^`T ± }[�0²egb��O&^`ubVWYh\_T¦°
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� �T� � � � � ± Q`|0²

� O ZCY[T?�tXo\�VWOwV]Kb\�j¡O��B�lYhVo\�^[T�u2O�ZCY[�MjoO ��OwKlYC�`O joKM^+�tT�V]KlYhV¡VWKMOxVU��^��[O�Z�V]^`X]j � �.� � � $
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� � � � ��$ � � � � � �5� � � $S� � � � � � � � ��� � ����$ � � �

Y[TMk?��OsZCY[T$Z�^`NPyM�bV]O � � ��\_V]KM^`�bVtYhTB�?Y[joj]�MNPybVo\�^[T�^`T��=�Mj§\�Tbi�Y#NP^`X]OxjoVWY[ub�_O O��B�lY�d
V]\_^`T¦° � � � ��� � � ������� �T� � � $ � � �	�

� � �
� �5� � � � " ± Qb��²
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Euclidean constraints

Affine constraints

Projective constraints

collinear points

coplanar points corigid points

Rotation axis parallel to image plane

Point at horizon

M0 middle of M1 and M2

parallel lines

consecutive angles equalpoint behind other points

angle and axis of rotation
angle orthogonal

vertical lines

Angle valueAbsolute distance

Direction of the translation

Affine reconstruction

Euclidean reconstruction

½�\_i`�MX]O =M° ª Y¶�_\_uMXWY¶V]\_^`T6�_O��[O���Y[TMk�Z�^`TMjoV]XWYh\_T0VWj
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 © � OsTM^hV]\_Z�O�VWKlY¶Vµ�¡OxZ�^`�b�_kc�Mj]OsYX]Y[TMkM^`N�\_��O�k�Yh�_i`^`X§\_V]KMN V]^ckbO�VWO�Z�VxVWKMO�j]O&y2^h\�T0VWjtuM�¨Vx\_T�VWKb\_jtylY[XoVo\�Z��b��Y[XtZCY[joO&�¡O
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V]KMO	^[VWKMO�X�y2^h\�T0VWjt��X]^[N VWKbO	��\_joVx^[��Y+�hYh\���Y[ub�_O&y-^[\_T0VWj�©

� » �_��yMXo^[pqO�Z"V]\��`O&Z�^`TbjoVWX]Yh\_TBV]jwYhX]O VWKbO�T�YhTlYh���¨��O�k¦©
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� � O�®lTlYh���_��X]O�Z�^+�`O�X¡º
�MZ���\_kMOCY[T?ZCYh��\_uMXWYhVo\�^[T�Y[Tbk?Z�^`NPyM�bVWOxº
�MZ"�_\_kMOCYhT��B�lY[T0V]\�V]\_O�j�©
J%Kb\_j�joO��B�MO�T0Vo\³Yh�¨KMO��MXo\_joVo\�Z¡Yh����^+�tj��Mj·VW^xYC�`^[\_k#KMY+�B\_TMitVW^tXWY[TbkM^`N�\���O
VWKMO´O�j§V]\_NcYhV]\_^`T

^[�¹Yh���lZ�^`TbjoVWX]Yh\_TBV]j
�tKb\�ZfKc��^[�b��kcKlYC�`O��_OCY[kPVW^	YhTc\_T0VWXWYhZ�VfYhub��OtY¶��i`^[Xo\�VWKMN�\_ZxZ�^`NPyb�_O"¯�\_VU�[©
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» TM^hVWKMO�XsylYhXoVt^[��VWKMO	yMXo^`ub�_O�N \_jtV]KlYhVt�¡O�N��MjoVskMOCY¶�·��\_V]K~j]O"�`O�XWYh��kb\�¼¹O�X]O�TBVsklYhVWY
VU��y2O�j�©¡½l^`X%\�TbjoVfYhTMZ�Oh°

� ��\�TbO�jsY[X]O�XoO�yMXoO�j]O�T0VWO�k�Y[j��`O�Z"VW^`Xoj�g

� Y[Tbi[��O�j�glkb\_joVWY[TMZ�O�jsY[X]O	X]O�yMX]O�j]O�TBV]O�k�YhjxXoOCYh�¦T��bN#u-O�X]j�g

� Z�^[�_��\_TMOCYhVo\�^[TMjxY[X]O	X]O�yMX]O�j]O�TBV]O�k�YhjxNcYhV]Xo\_Z�O�j�©
» ���bV]KMO�joO�VU��y2O�j´Y[X]O��Mj]O�k�VW^�X]O�yMX]O�j]O�TBV´Z�^`TMj§VWXWY¶\�T0VWj
^[T#VWKMO%Q`¥ j]Z�O�TMOtY[Tbk#VWKMO�yMX]^`i[XWY[N
KlY[j�V]^?kMO�Yh����\_V]K6V]KMO�N�© � O�Y[Z�V]�lYh���_�$�Mj]O�Yc^[ubpqO�Z"VodU^[Xo\_O�T0VWO�k~X]O�yMX]O�j]O�TBVWYhV]\_^`T¦g-O��[O�T~\��
�¡O��MjoO�VWKMO ª ��Y[TMi[�lY[i`O ��^`X�O�FcZ�\_O�TMZ"�ayb�MX]y-^`j]Oh©
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� O�YhyMyb���$VWKMO���^[���_^���\_TMi?Yh�_i`^`Xo\�VWKbN6°

� Æ O"��O�Z�VwY�Z�^`TMj§VWX]Yh\�T0VsY[Z�Z�^`Xokb\�TbicV]^PV]KMO	^`X]kbO�XtkMO�®MTMO�kayMX]O"��\_^`�Mj§�_�

� Æ O�Y[X]ZfK6Z�^[X]X]O�j]y-^`TMkMO�TMZ�O�jwj]YhV]\_jo�¸�B\_TMi?V]Kb\�jtZ�^`TMjoV]XWYh\_T0VC°

� Æ O��_O�Z�V XWY[TMkb^`N��_��V]KMO#y-^[\_TBVsZ�^[X]X]O�j]y-^`TMkMO�TMZ�O�j�Y[TMk~Yh����V]KMO�Yh�¨¯�\_��\³YhXo��klYhVWY
TbO�O�kbO�ka��^[X%VWKMO	Z�^[TMjoV]XWYh\_T0VwO�joV]\_NcYhV]\_^`T

� º
j§V]\_N?Y¶VWO	VWKMO	Z�^[TMjoV]XWYh\_T0VCglX]O"VW�MXoT~YPX]O�jo\_kM�lYh��O�X]Xo^`XxY[TMk6YcXoO�jo�b�_V�©
� » Z�Z�^`X]kb\_TMicVW^�VWKMO	yMXoO��B\_^`�MjxX]O�j§\�kb�lYh��O�XoX]^`X�gl£[O�O�yaV]KMO	X]O�j]�b��V

�w��Z�^`�MXoj]O[gbjo\_TMZ�O V]KMO �_\_joV%^[��y2^h\�T0VWj�kbO�Z�XoOCY[joO�j�\_T$��O�TMi[VWK�Y¶V�OCY[ZfK�j§VWO�y$�¡O	Y[XoO j]�MXoO
^[��VWKMO	Z�^`T0�`O�Xoi`O�TbZ�O#^h��V]Kb\�jxYh�_i`^`X§\_V]KMN�©

� O�Tb^[VWO�V]KlYhV�VWKMO�XoO�j]�¨�_V´NcYC�#KMY+�[Otj]O��[O�X]Yh�MVU��y2O�j´uM�bV;V]Kb\�j�VU�¨y-O%\_j
£�Tb^��tT�\_T����MTMZed
V]\_^`Ta^[��V]KMO�Z�^`TMj§VWXWY¶\�T0VC©t½l^`X�\_TMjoVWY[TMZ�O�\��;��O&\�T0V]O�X]O�joVw�MjxV]^?V]KMO�Z�^`TMj§VWXWY¶\�T0VC°�� � 2 � 
 ��������#�%�#� ����������
O���#� 
 �#�%� �)� � � � � 
U� � �	������� ��

��� ���%� 	 �fg�VWKMO¡X]O�j]�b��V;��\��_�¨u2O�Yx���MTbklY[NPO�T0VfY¶�
NcYhVWX§\�¯$��\_V]K~Y���\�j§Vs^h�;y-^[\�T0V]jxZ�^`X]XoO�joy2^`Tbkb\�TbicV]^PV]KMO	kb\_j]yb��Y[Z�O�NPO�T0VC©

J%KMO�ybX]^`i`X]Y[N Z�^`T0VfYh\_TMj�j]O��[O�X]Yh��j��_\_joV]j�©
J%KbO�X]O´\_j�Y��_\_joV���^`X·VWKbO�YC�hYh\��³Y[u¨��OµZ�^`TbjoVWX]Yh\_TBV]j
�tKb\_ZfK�Yh���_^��tjtVW^cj]O"��O�Z�VsXWY[TbkM^`N��_�6YPZ�^[TMjoV]XWYh\_T0VwYhZ�Z�^[X]kb\_TMi?V]^�VWKMO&^`X]kbO�XtkMO�®MTMO�kayMX]Oed
�B\�^[�Mjo���`© � KbO�TPYsZ�^`TMj§VWXWY¶\�T0V;KMY[j�u-O�O�T�j]O"��O�Z�VWO�kP^`TMZ�Ohg[\�V�� j�£[O�ybV
^`�¨V�^[�bVWKMOµ�_\_joV�\�T�^[X]kMO�X
VW^&yMXoO��`O�T0V�Y	Z�^`TMj§VWX]Yh\�T0V´VW^&u-OxjoO��_O�Z"VWO�k�joO��[O�XWY¶�-Vo\�NPO�j�© Æ �MZfK$Y���\_joV�Yh�_�_^+�tjµV]^�Z�^`TMj§\�kMO�X
ZCY¶�_\_uMXWY¶V]\_^`T Y[j Y?ylY[XoVo\�Z��b��Y[X Z�^[TMjoV]XWYh\_T0VC° � KMO�T�Z�Yh�_\_uMX]YhV]\_^`T�\_j y2O�Xo��^`XoNPO�k Y[TMka\_�´VWKbO
ZCY¶�_\_uMXWY¶V]\_^`T¤Z�Y[T u2OPO"�[Y¶���lY¶VWO�k ± yMY[XoVo\�Z��b�³YhX&k¨\�joyb�³YhZ�O�NPO�TBVf²"g���Ocjo\_NPyb�_��\_TMjoO�XoV�Yh���
VWKbO
Z�^[TMjoV]XWYh\_T0VWj�Z�^`X]XoO�joy2^`Tbkb\�Tbi#VW^	VWKMOxZCY¶�_\_uMXWY¶V]\_^`T?�_O��[O��¹\_T?V]KMOsY+�hYh\���Y[ub�_OsZ�^`TMjoV]XWYh\_T0VWjµ�_\_joV�©

» TM^hVWKMO�X&��\�j§V	\�j&�Mj]O�k¤V]^6XoO�yMXoO�joO�T0V#V]KMO�YC�hYh\��³Yhub��OPklY¶VfYbg·VWKMYhV	��OcZCYh���´yMX§\�N�\�V]\��`O�j�©
» Z�^`TbjoVWX]Yh\_TBV6\_jakMO"®lTMO�k u0�=VWKMO�klYhVWY �tKb\_ZfK Y[XoO TMO�O�kMO�k V]^ O�joVo\�NcYhV]O�\�VCg u0� VWKbO
X]O�j]�b��V�VU��y-O$�tKb\�ZfK­\_j�yMXo^¨kM�bZ�O�k u0��VWKMO$O�joVo\�NcYhVo\�^`T­NP^�kM�b�_O�Y[TMk­u0��Y[T�O�j§V]\_NcYhV]\_^`T
X]^[�bV]\_TMO[© J%K¨\�jcX]O�yMX]O�j]O�T0VWYhV]\_^`T Y¶�_�_^+�tjPV]^ KlYC�`OaY k¨�¨TMY[N�\�Z�Yh�xX]O�ybX]O�joO�T0VfY¶V]\_^`TF^[�xVWKbO
j]Z�O�TMOh°xY�Z�^`TbjoVWX]Yh\_TBVwO�j§V]\_N?Y¶VW^`XsTMO�O�kMj klYhVWY�uM�bVwYh�_j]^$ybX]^�kM�MZ�O�j klYhVWYc�tKb\_ZfK Y[XoO#�MjoO�k
u0��^[VWKbO�XtO�j§V]\_N?Y¶VW^`Xoj�© � KbO�Ta�¡O&KlYC�`O&ZfKM^`j]O�T�YPZ�^`TbjoVWX]Yh\_TBV�gl��O	\�T¨\_Vo\³Yh��\_��O�YP�_^¨Z�Yh�¦��\�j§V
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Z�^[TBVWYh\_Tb\�Tbi?VWKbO#YC�hYh\��³Y[u¨��O&klYhVWYP�tKb\_ZfK�NcYC��u2O&j]O"��O�Z�V]O�k¦©tº´Y[ZfK6V]\_NcO&��O	®lTMk~YcjoO�Vs^[�
klYhVWYcj]YhV]\_jo�¸�B\_TMi?V]Kb\_jsZ�^`TMjoV]XWYh\_T0VCg:��O&X]O�NP^��[O#VWKbO�j]O&klYhVWYP��Xo^`N!V]KMO&�_^�ZCYh�·��\�j§Vs\_T~^[X]kMO�X
VW^�\_NPyMX]^+�`O&O\FcZ"\�O�TMZ��[©

� O�XoO�NcY[Xo£$KMO�XoO VWKlY¶Vtj]O��[O�X]Yh��Z�^`TbjoVWX]Yh\_TBV]jsNcYC�$ybX]^�kM�MZ�O V]KMO	jWY[NPO VU��y-O&^h��kMYhVfYb©
S Vt\�j�V]KMO	ZCY[joO&��^`X%\_TMj§VfY[TMZ�O���^`X%V]KMO	O�j§V]\_N?Y¶V]\_^`T~^[��YPZ�^[���_\_TMO�YhV]\_^`TaY[TMk�VWKMO	O�j§V]\_NcYhV]\_^`T
^[�´YcZ�^[����\�TMO�YhV]\_^`T�Z�^`NPylYhVo\�ub�_O#��\�VWK�YP���MTMklYhNcO�T0VfYh��NcYhVWX§\�¯2©sJ%KMO#Z�^`TMjoV]XWYh\_T0V	Y[XoO�TM^hV
VWKbO&j]Y[NPO	uM�bVtVWKMO"��yMX]^�kM�MZ�O�VWKMO	jWYhNcO	klY¶VfY�°µYPZ�^[���_\_TMOCY¶V]\_^`T��

J%KMO�XoO���^`XoO&�¡O	KlYC�`O	VU��^?i[�_^`ulYh�¦��\_joVWjt^[��klYhVWYb°

� � TMOt�_\_joVµZ�^`T0VfYh\_TMj%Y¶�_�lV]KMOskMYhVfY&YC�[Y¶\_��Y[ub�_Ot^[�·Y	i[\��`O�T?VU�¨y-O[©´½l^`X;\_TMj§VfY[TMZ�Os�¡Ox��\����
®lTbk�\�T�V]Kb\�j���\_joVPYh����V]KMO$Z�^[�_��\_TMOCYhVo\�^[TMjPYC�[Y¶\_��Y[ub�_O[©�J%Kb\_j��_\_joV#\�j��bj]O�k­V]^�j]OCYhX]ZfK
klY¶VfY���^`X%VWKbO&O�joVo\�NcYhVo\�^`T6NP^¨kb�b��Oh©

� J%KMO�^hVWKMO�X%�_\_joVtZ�^`T0VfYh\_TMjxYh���¹VWKbO�klYhVfY�j]YhV]\_jo�¸�B\_TMi?Y�i[\_�[O�T6Z�^`TbjoVWX]Yh\_TBV�gM\�d O�Yh���¦VWKbO
XoO�j]�¨�_V]jw^`ubVWYh\_TMO�k6kM�MX§\�TMicVWKMO&O�j§V]\_NcYhV]\_^`T~^h�
YPZ�^`TMj§VWX]Yh\�T0V�©�J%Kb\_js��\�j§VwXoO�yMXoO�j]O�T0VWj
V]KMO	kb��TlY[N�\�Z&X]O�yMX]O�j]O�TBVWYhV]\_^`Ta^[��V]KMO	j]Z�O�TMOh©
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� O�TMO�O�k j]O��[O�X]Yh��O�j§V]\_NcYhV]\_^`T=X]^[�bV]\_TMO�j$V]^¢\_Ncy¨��O�NcO�T0Va^[�MX�NP^�kM�b�_O�j�°���O�Y[joV§dUjo���MY[X]Ohg
i`O�TMO�X]Yh�_\_��O�k ± TM^[T~�_\_TMO�Y[Xf²x�_OCYhjoVod j]�B�lY[XoO�j�g¦X]^`ub�MjoV ± ��O�Y[joV§dUNPO�k¨\³Y[T~j]�B�lY[XoO�jf²wO�joVo\�NcYhV]^`X]j�g
O�V]Z	©_©�© Æ \_TMZ�O��¡OsXoO��MjoO���O"�_�-£BTM^+�tT�NPO�ZfKMY[Tb\_j]NPj¡\_T�VWKMO�®lO"��kP��Ot��\��_�:TM^hV´X]O��B\_O�� V]KMO�joO
NPO�V]KM^¨kbjxKbO�X]Oh© � O[°

� º
joVo\�NcYhV]O~Y��B�lY[T0Vo\_VU� i[\��`O�T Y�j]O"Vc^[� y-^[\_TBVPZ�^`X]XoO�joy2^`TbkMO�TMZ�O�j�Y[TMk Y[kMkb\�V]\_^`TlYh�
klY¶VfYb©#J%KMO � �B�lY[T0Vo\_VU� �¦\_j&kbO�®lTMO�k¤u0��V]KMO�Z�^[TMjoV]XWYh\_T0VC© » kMkb\�V]\_^`TlYh�´klY¶VfY�Y[XoOPYh�_�
V]KMO$klYhVWY�kb\�¼¹O�X]O�T0VP��X]^[NÇV]KMO$Z�^[X]X]O�j]y-^`TMkMO�TMZ�O�jcV]KlYhV�V]KMO�O�j§V]\_NcYhV]\_^`T­���MTMZ"V]\_^`T
TMO�O�kMj�©�½l^`X	\�TbjoVfYhTMZ�Ohg�\_���¡O�V]Xo��VW^~Z�^`NPyM�bV]O$Y~Z�^[���_\_TMOCY¶V]\_^`T�Z�^[NcyMYhV]\_ub�_O?��\�VWK
Y����MTMklYhNcO�T0VfYh�sNcYhVWX§\�¯2g%VWKbOaO�joV]\_NcYhV]\_^`TF���bTMZ�Vo\�^`T TMO�O�kMj�Tb^[V�^[Tb�_� V]KMOay-^[\_T0V
Z�^`X]XoO�j]y-^`TMkbO�TMZ�O�jwub�bVsYh��jo^cY����bTMklY[NPO�T0VWYh��N?Y¶VWXo\ ¯2©

� S �;V]KMO#XoO�j§\�kM�MYh��O�X]Xo^`Xs\_jwjoN?Y¶�_�_O�XxVWKlY[T�YcVWKbX]O�joKM^[�_k¦g¹Z�X]O�YhVWO#Yc��\�j§V ^[�
Z�^`X]XoO�joy2^`T�d
kMO�TMZ�O�jPZ�^`NPylYhVo\�u¨��O���\�VWK­VWKMO�O�joVo\�NcYhV]O�k X]O�jo�b��VC©�S �sY�X]^`ub�MjoVPO�joV]\_NcYhV]\_^`T­��Y[j
y-O�X§��^`X]NPO�k¹glO���\�N�\_TlYhVWO&Yh���·VWKbO&^[�bV]��\�O�X]j�©

� ½l^`X·O�Y[ZfK#y-^[\_TBV�Z�^`X]XoO�j]y-^`TMkbO�TMZ�O[g[Z�^`NPyM�bV]Oµ\��b\�V�\�j�Z�^[NcyMYhV]\_ub�_Oµ��\�VWK	VWKMOµyMXoO��B\�^[�Mj
XoO�j]�¨�_V�©µSUT�VWK¨\�jtZCYhj]O[g-Y[kbk�V]Kb\_jsklY¶VfY�VW^�VWKbO	��\_joVC©

J�^�u2O#Y[jsO�FcZ�\_O�T0V	Y[jsy2^`jojo\_ub�_O#�tKMO�T�O�joVo\�NcYhVo\�TMi�Z�^[���_\_TMO�YhV]\_^`TMjwY[TMk~���MTbklY[NPO�T0VfY¶�
NcYhVWX§\�Z�O�j ± joO�O&Y[yMy-O�TMk¨\�¯ » ²"gbV]KMO	O�joVo\�NcYhVo\�^[Ta\_jxZ�^`NPyM�bV]O�ka\_T�VU��^?joVWY[i`O�j�°

� » ®lXojoV�O�joVo\�NcYhVo\�^`T¤^`T�Y��B�lY[kMX]YhV]\_ZcZ�Xo\�VWO�Xo\_^`T�Y¶�_�_^+�tj�VW^6O���\_NP\_TlYhV]O�^`�¨V]��\�O�X]j&uB�
�Mj§\�Tbi�Y�X]^[uM�MjoVxO�joV]\_NcYhV]\_^`TaNcO"VWKM^�k¦©

� J%KMO�T­Y[TM^hVWKMO�X#O�j§V]\_NcYhV]\_^`T¢\_j#y-O�X§��^`X]NPO�k¤VW^~XoO�®lTbO?VWKbO�yMXoO��B\�^[�Mj�X]O�j]�b��VC©aJ%Kb\_j
ylYhXWY[kb\_i`N NP\_i`K0Vxu2O�\_NPyMX]^+�`O�k~�Mj§\�Tbi�X]O�Z�O�TBVxkMO"�`O"��^`ybNcO�T0VWj�©
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� O	Z�^`NPyM�bVWO�joO��[O�XWY¶��O�joVo\�NcYhVo\�^`TaYhV�O�Y[ZfK6joVWO�y6��\�VWK�kb\�¼2O�X]O�T0VwZ�^`TMjoV]XWYh\_T0VWjt^`T�VWKbO
kb\_j]yb��Y[Z�O�NPO�T0VC© J%KMO~O�joVo\�NcYhVo\�^[T=KlYC��\_TMi¢V]KMO�joN?Y¶�_�_O�X$XoO�j§\�kM�MYh� O�X]X]^[X?��\��_�wu2O6VfY[£hO�T
\_TBV]^�Y[Z�Z�^`�bTBV�©´J%Kb\_j�NPO�V]KM^¨k�Yh����^+�tj¡V]^&®MTMk�u-O�VoVWO�XµylY[X]Y[NPO�V]O�Xo\_�CY¶V]\_^`T�Y[jµyMX]O�j]O�TBV]O�k$\_T
}¨© Qb© �¨©

� OaTM^[V]O~KMO�X]OaV]KlYhVcVWKMOaO�j§V]\_N?Y¶VW^`X?j]KM^`�¨��k=TM^hV�^`T¨�_� O�j§V]\_NcYhVWO�Z�^[���_\_TMOCY¶V]\_^`TMj�^[X
���MTMkMY[NPO�T0VfYh�wNcYhVWX§\�Z�O�j$uM�¨V�Yh�_j]^��B�lY[T0Vo\_Vo\�O�j�OCY[j§\�O�X�VW^¤O�joVo\�NcYhV]O[© ½l^`Xc\�TbjoVfYhTMZ�OhgtV]^
ZCY¶��Z��b�³Y¶VWO�Y¢�_\_TMO�ylYhj]jo\_TMi VWKMXo^+� V]KMO y2^[\_T0VWj &9Y[TMk�)µgs�¡O�ZCY[T O"\_V]KMO�X�N�\�T¨\�N�\_��O�Y
Z�X§\_V]O�X§\�^`T$Y[j¡ybX]O�joO�T0VWO�k�\�T�Y[yMy-O�TMkb\ ¯ » ^[X¡^`T¨�_�cZ�^[Ncyb�bVWOs���¨\�Zf£0�����E��&³� )¡©µJ%KB�Mj��¡O
ZCYhT~Yh�_j]^PO�joV]\_NcYhVWO	\���V]KMO	y2^[\_T0V��P\_jt^`T6V]KMO��_\_TMO	u0��ZfKMO�Zf£0\_TMi?\���� � �E� �¨©
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Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
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