
HAL Id: hal-00867677
https://hal.science/hal-00867677

Submitted on 30 Sep 2013

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.

Détection et modélisation du contour crânien sur des
céphalogrammes

Michel Desvignes, Barbara Romaniuk, Julien Robiaille, Marinette Revenu,
Marie-Josèphe Deshayes

To cite this version:
Michel Desvignes, Barbara Romaniuk, Julien Robiaille, Marinette Revenu, Marie-Josèphe Deshayes.
Détection et modélisation du contour crânien sur des céphalogrammes. 18e colloque GRETSI sur le
traitement du signal et des images, 2001, Toulouse, France. pp.287-290. �hal-00867677�

https://hal.science/hal-00867677
https://hal.archives-ouvertes.fr


���������	��
��� ����� ��������
�������
��� ��� ���������� �!�	�#"$�
��� �%� �&�����
�	��')(��*���$+*�#�$� � ���

,*-/.10325476�8:9<;>=@?7AB8C9EDGF:HJI�KML:I�KNI�OQP7R%S7AB=UTBVWDXFCY�Z34/-/2\[*OQP7]^=_S7=U`�`�8^DaF3,*I�KM-/[32\bcbM2dOd8e;f83ABTgDGF3,*IGKN-h2QY�i�jMk\l30:2Q6�8:95mnS�of8:9\p

DQq#rtsvuxwzy|{c} , r�~�� , r��������
� L���,$IGKN�5.10:I�4�Y�Z3-/[BFB�5� ������w I�2\[�F:�3K1IG[:.\2

pX� �54h�X.�K1IG[32 { [3[:ia�EIGbM-/i�[�� �%w�{c�
� � IE�^�3�32��gi�[�b�4|� �W�\���5��Z32�FB�\��� ��� ,�2\KN�e-h4/4h2 y �:KNI�[:.�25�e-h4/4h2�F��:KNI�[:.�2

�����E :¡e¢W£¥¤3¡:¦E§��E¨�©:¡3¦Gª�¨�«3¡�¬^�>£1��¦<C«¯®z£¥°�«z±	²:®�«�³:®�«3®z£µ´3¶E�®�©��X·¯¸¯ª�¨�«3¡G¬^�g£1��¦�C«e®z£¹°�«W±NºG·3¢:�G¡G©»£µ´3¶�³^�G®:�G¢�¢�¡eªG¨e«¯¡�¬C�g£<��¦\:«¯®W£¹°�«v±
�3®�«��X©:¡�¼�¼3¡z£¥´3¡�§3¡�©e·:ªG¨e«¯¡�¬^�>£<��¦\:«¯®z£¥°�«v±c¤¯¡3¦E 3®�¬e¡:¦�ª¯�E½3¶�¾W£¹°�«

¿ÁÀ�ÂXÃ>Ä�ÀdÅÇÆ^ÈJÉNÊ1Ë�Ì�È5ÍÏÎXÐQÊNÑ¥Ò¹ÓÏÔ�ÈJË¯ÎXÕ�Ò>Î5Ö�×|Ô1ÉNÑ¹ÓÙØ^ÍÚÈ�Û�ÊMÑ¹Ô1ÉNÑ¹ÓÏÎXÜQË�Ò¹Ê1É1ÎaÉ1Ô�Û�Ô1ÝfÛ�Þ�Ý¥Ì�È\Ò¹ÐQÎXÜ�ÓÏÔ1Ý>Û�Õ�ÒcÈ5Ü�ßXÔ1ÐQÔNÜGÑfÛ�Ô1ÜaÑcÈ5ÓÙÒ¹Ô�ÉcÌ�ÔNàzÍÏÔn×µÔNÕ�Ü�ÔzÔ1Ü�ØUÈ5ÜaÑ<á
â ÍÏÍÏÔtÝ¥ÔJÖ�È5Ý¥ÔJÝ¥Õ�ÒWÍhÈ%É1ÎXÐQË�È\ÒcÈ\ÓÚÝ¥Î5Ü�Û�Ô1ÝvÐQÔ1Ý¥Õ�Ò¹ÔNÝWÛ:ã È5Ü�ßXÍÏÔ1ÝvÔNÑzÛ�ÔJÍÏÎXÜ�ß5Õ�Ô1Õ�Ò¹ÝvÔ1ÜaÑ¥Ò¹ÔJÍÏÔ1ÝvË¯ÎXÓÏÜaÑ¹ÝvÉ1Ê1Ë�ÌeÈ\ÍÚÎ5ÐQÊNÑ¥Ò¹ÓÚäaÕ�Ô1ÝvåæÛ�Ô1Ývç5È5ÍÏÔ1Õ�Ò¹ÝvÜ�Î\Ò¹ÐxÈ\Ñ¹ÓÏçEÔ1Ý1á
è Ô1ÝvË¯ÎXÓÏÜaÑ¹ÝvÝ¥ÎXÜaÑvÒ¹Ô1Ë¯ÊMÒ¹Ê1ÝvÝ¥Õ�ÒzÛ�Ô1ÝgÒcÈXÛ�ÓÚÎ5ß5ÒcÈ\Ë�Ì�ÓÏÔ1ÝWÍÚÈ\Ñ¹ÊMÒcÈ5ÍÏÔ1ÝWÜGÕ�ÐQÊNÒ¹ÓÚäaÕ�Ô1Ý>å�ÌeÈ\Õ�Ñ¹ÔzÒ¹Ê1Ý¥ÎXÍÏÕ�Ñ¹ÓÏÎ5Üêéµë�ì5í5î\ï3ë1ðEí5î#Ë�ÓÙï�ÔNÍÚÝcñMá�ò�ÎXÝgÑ¥ÒcÈ<çXÈ\Õ�ïdÈ\ÜGÑ¹ÊMÒ¹ÓÚÔNÕ�Ò¹Ý
Ý¥Õ�ÒvÍÚÈ�ÍÏÎaÉ<È\ÍÏÓÚÝ¹È�Ñ¹ÓÏÎXÜ�È5Õ�Ñ¹ÎXÐxÈ�Ñ¹ÓhäaÕ�Ô»Ý¥Ô»Ø/ÎXÜeÛ�Ô1ÜaÑvÝ¥Õ�ÒWÍÚÈæÛ�ÊNÑ¹Ô1ÉMÑ¹ÓÚÎ5Ü�ÔNÑWÍÚÈ%ÐQÎGÛ�Ê1ÍÏÓÏÝ¹È\Ñ¹ÓÏÎXÜ�Û�ÕdÉ1ÎXÜaÑ¹ÎXÕ�ÒvÉNÒcó\Ü�ÓÏÔ1ÜCô�äaÕ�Ó3Ô1ÝµÑgÕ�Ü�Ô»É1ÎXÕ�Ò¹Ö¯Ô»Ü�Î5Ü	Ø/ÔNÒ¹ÐQÊ1ÔXá
Æ^È�Ý¥Î5ÍÚÕ�Ñ¹ÓÏÎXÜ�ßXÍÏÎ5ÖeÈ5ÍÏÔ	Û�Î5ÓÏÑæõNÑ¥Ò¹ÔQÒ¹ÎXÖ�Õ�ÝµÑ¹ÔXá^ötÈ5Ü�ÝæÉNÔNÑæÈ\Ò¥Ñ¹ÓÏÉ1ÍÏÔXôBÜ�Î5Õ�Ý�Ë�Ò¹ÊNÝ¥Ô1ÜaÑ¹ÎXÜ�Ý%Õ�Ü�ÔQÐQÊNÑ¹Ì�ÎGÛ�ÔQÛ�ÔdÛ�ÊNÑ¹Ô1ÉNÑ¹ÓÏÎXÜ�ÔMÑ�Û�ÔxË¯ÎXÕ�Ò¹Ý¥Õ�ÓÙÑ¹Ô	Û�ÔQÉ1ÎXÜaÑ¹Î5Õ�Ò
ÒcÈ5Ë�ÓhÛ�Ô	ÔMÑ#Ò¹ÎXÖ�Õ�ÝµÑ¹ÔXônÖ�È5Ý¥Ê1Ô	Ý¥Õ�Ò�ÍhÈ÷Ü�Î\Ñ¹ÓÚÎ5Ü$Û�ÔdË�ÍÏÕ�ÝæÉ1ÎXÕ�Ò¥ÑQÉMÌ�Ô1ÐQÓÏÜ�Ô1ÜaÑ¥Ò¹Ô�ø�Ë¯ÎXÓÏÜaÑ¹Ý1á è ÔNÑ¥Ñ¹Ô	ÐQÊNÑ¹Ì�ÎGÛ�Ô	ÔNÝµÑQÈ5Ë�Ë�ÍÏÓÚäaÕ�Ê1Ô	Û�È\Ü�Ý#ÍÏÔdÉ<ÈXÛGÒ¹Ô�Û�ÔdÍÚÈ
É1Ê1Ë�ÌeÈ5ÍÏÎ5ÐQÊNÑ¥Ò¹ÓÏÔJÔ1Ü�È1ÞGÈ\ÜGÑzÛ�ÊNÑ¹Ô1ÉNÑ¹ÊJÛ�Ô1Õ�ï	Ë¯Î5ÓÏÜGÑ¹ÝzÛ�ÔJËeÈ\Ý¥Ý¹È5ßXÔ%Û�Õ�É1Î5ÜGÑ¹Î5Õ�ÒzÉNÒcó\Ü�ÓÏÔ1Ü�äaÕ�Ó3Ô1ÝµÑzÐQÎGÛ�Ê1ÍÏÓÚÝ¥ÊNÔtËeÈ\ÒWÕ�Ü�ÔJÔNÍÚÍÏÓÏË�Ý¥Ô5á

ù÷ú Â5û\üaý3þ�û�Å ÿgÌ�Ô%ßXÎXÈ5ÍnÎ5ØfÎ5Ò¥Ñ¹Ì�ÎGÛ�Î5ÜGÑ¹ÓÏÉæÈ5Ü�Û�Î\Ò¥Ñ¹Ì�Î5ßXÜeÈ�Ñ¹ÓÏÉæÑ¹Ì�ÔMÒcÈ5ËaÞ�ÓÏÝ�Ñ¹ÎxÓÏÐQË�Ò¹Î�çEÔtÑ¹Ì�Ô%ÓÏÜaÑ¹ÔNÒ¥Ò¹Ô1ÍÚÈ�Ñ¹ÓÚÎ5Ü�Ý¥Ì�ÓÚË�ÝtÈ5ÐQÎ5Ü�ßxÉNÒcÈ\Ü�ÓÏÎ5Ø_È5É1ÓÚÈ5ÍBÑ¹ÓÏÝ¥Ý¥Õ�Ô1Ý1á
� È5Û�ÓÏÎXß\ÒcÈ5Ë�Ì�ÓÏÔ1ÝgÈ�Ò¹Ô�Õ�Ý¥Ô<Û�Ñ¹ÎtÔ1ç5È5ÍÏÕeÈ�Ñ¹ÔzÑ¹Ì�Ô1Ý¥ÔvÒ¹Ô1ÍÚÈ\Ñ¹ÓÏÎXÜ�Ý¥Ì�ÓÏË�Ý1á è Ô1Ë�ÌeÈ\ÍÚÎ5ÐQÔNÑ¥Ò¹ÓÏÉWÓÚÐxÈ\ßXÔzÍÚÈ5ÜeÛ�ÐxÈ\Ò��GÝ7È\Ò¹ÔzÖ¯ÎXÜaÞ#ÍÚÈ\ÜeÛ�ÐxÈ�Ò��GÝfÈ\ÜeÛQÈ�Ò¹Ô���Ò¹ÝµÑ>ÍÏÎaÉ<È�Ñ¹Ô<Û
ÎXÜ÷Ñ¹Ì�Ô#Ì�ÓÚß5ÌaÑ%Ò¹ÔNÝ¥ÎXÍÏÕ�Ñ¹ÓÏÎXÜêÛ�ÓÏßXÓÙÑcÈ5Í7ÒcÈXÛ�ÓÚÎ5ß5ÒcÈ\Ë�ÌCádöJÓÏÝµÑcÈ\Ü�É1Ô1Ý%È\ÜeÛ�È\Ü�ß5ÍÚÔNÝ�È\ÐQÎXÜ�ßdÑ¹Ì�Ô1Ý¥ÔQÍÚÈ\ÜeÛ�ÐxÈ�Ò��GÝ�È\Ò¹ÔQÉ1Î5ÐQËeÈ\Ò¹Ô1Û��WÓÙÑ¹ÌêÜ�Î5Ò¹ÐxÈ\Ñ¹ÓÏçEÔ�çXÈ\ÍÚÕ�Ô1Ý
Ñ¹ÎxÛ�ÓÚÈ5ß5Ü�Î5Ý¥Ô�È#Ë�È\Ñ¹ÓÏÔ1ÜaÑ<ã ÝJÛ�ÔNç�ÓÚÈ�Ñ¹ÓÚÎ5Ü�Ø/Ò¹Î5Ð ÓÚÛ�Ô1È5Í^Ø/Î5Ò¹Ð�á	�nÒ¹Ô1çGÓÏÎXÕ�Ý��gÎ\Ò���ÝzÎXÜ�È\Õ�Ñ¹Î5ÐxÈ\Ñ¹ÓÏÉ�ÍÚÎaÉ1È5ÍÏÓÏà<È\Ñ¹ÓÏÎXÜÁÎ5Ø7ÍÚÈ5Ü�Û�ÐxÈ\Ò��GÝWÜ�ÔNÔ<Û	Ñ¹Ì�Ô%Û�ÔNÑ¹Ô1ÉNÑ¹ÓÏÎXÜ�Î\Ø
ÉNÒcÈ5Ü�ÓÚÈ5Í�É1Î5ÜaÑ¹ÎXÕ�Ò��WÌ�ÓÏÉcÌ�ÓÏÝJÈ\Ü�ÎXË¯Ô1Ü�É1Õ�Ò¹çEÔXá�
|Ü�Ñ¹Ì�ÓÚÝzËeÈ\Ë¯ÔNÒ<ô��>Ô%Ë�Ò¹Ô1Ý¥Ô1ÜaÑ»È�ØUÈ5ÝµÑJÈ5Ü�Û	Ò¹ÎXÖ�Õ�ÝµÑ�ÐQÔNÑ¹Ì�ÎGÛxØ_Î5Ò�Ñ¹Ì�Ô%Û�ÔNÉNÑ¹Ô1ÉNÑ¹ÓÏÎXÜ�È\ÜeÛ	Ñ¹Ì�ÔtÑ¥ÒcÈ5É��ÓÏÜ�ß
Î5Ø7Ñ¹Ì�Ô�ÉNÒcÈ\Ü�ÓÚÈ5ÍnÉ1Î5ÜaÑ¹ÎXÕ�Ò<á�
 Ñ»ÓÚÝ�ÖeÈ\Ý¥Ô<Û�Õ�Ë¯ÎXÜ�Ñ¹Ì�Ô%Ý¥Ì�Î5Ò¥Ñ¹Ô1ÝµÑJËeÈ\Ñ¹Ì�Ö¯ÔMÑ��gÔNÔ1ÜÁøxË¯Î5ÓÚÜaÑ¹Ý1á»ÿgÌ�ÓÏÝJÐQÔNÑ¹Ì�ÎGÛ�ÓÏÝ�Ñ¹Ì�ÔNÜÁÈ\Ë�Ë�ÍÚÓÏÔ<Û�Ñ¹ÎQÑ¹Ì�Ô%É1Ô1Ë�ÌeÈ\ÍÚÎ5ÐQÔNÑ¥Ò¹ÓÏÉ
Ë�Ò¹Î5Ö�ÍÏÔ1Ð�áBÿ��>ÎQË¯ÎXÓÏÜaÑ¹ÝvÎ5ØnÑ¹Ì�ÔJÉNÒcÈ5Ü�ÓÚÈ5Í^ÉNÎXÜaÑ¹ÎXÕ�Ò»È�Ò¹Ô�Û�ÔNÑ¹ÔNÉNÑ¹Ô<Û:á7ÿgÌ�ÔtÉNÒcÈ5Ü�ÓÚÈ5Í:É1ÎXÜaÑ¹ÎXÕ�ÒzÓÚÝvÑ¹Ì�Ô1Ü�È\Ë�Ë�Ò¹Î<ï�ÓÏÐxÈ\Ñ¹Ô<ÛdÖaÞdÈ5Ü�Ô1ÍÏÍÙÞ�Ë�Ý¥ÔXá

� ������������� ���"!#�$�

%7I�.��\l:0:IG4/i'&���bNKM-/2ÁI$lCi�Z3K�i�L)(¹2X.<bM-+*%4_I��3��bM2X.<bN-hi�[�l3KN�5.�i¯.\2
�¯2XjW�),¯jM0:IGK-&�i�[3-/25jv�¯Z�K1IG[/.�20&�25[�bW�¯25[�bNIG-/KN2J.10:201t4/22(¹2\Z3[:2�2\[ y
* I�[�bX� w 2\bcbM2��¯��bN25.�bM-/i�[�l3KN�5.\i¯.�2�*@i�Z3KM[:-ÚbdZ:[32ÁI�-/�¯2�3*4_I*�¯�5.\- y
jM-hi�[��¯2�bNKNI�-ÚbN20&�2\[�bNjWbM03�5KNI�lC25Z¯bM-_��Z325jW2�b4&�-/[3-5&�-_jM2%4/25jWKN-_jM��Z32Xj
�¯2�KN�5.\-/�3-h��25j�2�bÁ�B� �X.10325.5j��¯2*.�2Xj�bMK1IG-hbM26&�25[�bNj5�	%7I .��5l30:I�4hi y
&���bNKM-/2djM2QL:I�jM2djMZ3K�4_I�.�i7&�l:IGK1IG-_jci�[��32$&�25jMZ3KM2Xj��n� IG[8.�4h2Xjt2�b
�¯2�4/i�[8.�Z32\Z:KNj#25[�bNKM2�4/25j#l^i�-/[�bNjQ.��5l30:I�4hi7&��\bMKN-/��Z32Xj93ê�¯25j#�aI y
4/2\Z3K1j>[3i�K-&�IabN-h��25j5� w 2Xjfl^i�-/[�bNjvjMi�[�bgKM25lC�5KM�XjfjMZ3Kv�¯25jgK1I��3-hi7.�K1I y
l30:-h2Xj�4_IabM�5KNI�4h2XjJ[eZ8&��\KN-/��Z32Xj:3�0:I�Z¯bM2xKN�5jMi�4/Z¯bN-hi�[��c� ���G�<; �6= �a�
l3- ; 2\4_j � �?>�.:�>� � �A@%i�jæbMK1IE�aIGZ ; IG[�bM�5KM-/2\Z:KNjæjcZ3K�4_I÷4/i¯.\IG4/-_jMIGbM-/i�[
I�Z¯bMi7&�IGbM-_��Z32CB/�#DzjM2E*@i�[:�¯25[�bQjMZ3K#4/I��¯��bN25.�bM-/i�[�2�bQ4/I�&�i¯�¯�\4/- y
jNIabN-hi�[��¯Z�.\i�[�bMi�Z3Kx.�K1IG[:-h25[B�F%7I��¯�\bM2X.<bM-/i�[ �¯Z�.\i�[�bMi�Z3KQ2 ; i y
.\K-G�[3-h25[ � ��i'H3bM2 .�KIGG[3-/2\[3[:2�4/-+&�-hbM�52�lCIGKê4h2 [3261 2�b�4h2�l^i�-/[�b
4/2$l34/Z:jÁ-h[8*@�\KN-h25Z3KÁ�¯Z�.�KIGG[32 � l:I�KÁ�¯2XjC&���bN03i¯�¯25j�.�4_I�jNjM-/��Z32Xj
�¯2dbMK1IG-hbM26&�25[�bæ�n� -+&�IJ.�25j	�K.�K1I��3-h25[�b1j9B � DµF^.\i�[�bMi�Z3KNj%I�.<bN-L* j�B M<D �
�X.103i�Z325[�bJl^i�Z:K%�¯25jæ.�i�[)>/.�Z:KNIGbM-/i�[:j»4/ie.5IG4/25jt�¯�54h-_.\IGbM2Xj:3N.��5KM25K
4/i�K1j	�32Á4_I$l^i�Z:KNjMZ3-hbM2ê�¯2�.�i�[�bNi�Z3K1j\� s [ l:IGKMbM-_.�Z34/-/2\KXF>4_I��¯2\[ y
jM-ÚbN��i�jNjM2\Z:jM2�bMKNk5jx�3-LO��\KN2\[�bM2÷4h2�4/i�[/.$�¯2÷.\2÷.�i�[�bNi�Z3Kx.\i�[:�3Z3-Úb
4/25jP&���bN03i¯�¯25j#4/i¯.\I�4h2XjQ3�j5� �54hi�-+.�[32\KQ�¯Z .�i�[�bNi�Z3KQ�¯Z .�KIGG[:2	25[
l3KN�5jM2\[C.�2��n� 25[:.�i¯.1032Xj���2\K1j�4 � -/[�bN�\KN-h25Z3KQ�¯Z .�KIGG[32�i�Z��¯2�L3KNZ3-Úb
�K>/.:� ��� �J%725j�&���bN03i¯�¯25j�.�4hi�L:IG4/25j>.�i7&R&�2»4h2Xj�%B2\��2\4_j } 2�b1jSB �'Dei�Z
�¯2Xj�KM2X.1032\K1.10325j��3I�[:j��¯25jR.�K1IGl:0325j	i�[�b�4 � -h[C.�i�[e���\[3-/2\[�b��n� Z:[
.\i'H¯b÷I�4+.�i�KN-ÚbN08&�-/��Z32��\4/2\������@%i�Z:j�l:KMi�lCi�jci�[:j��n� Z3bM-/4h-_jc25K�Z3[32
I�l3l3KNie.10:2tKM�6.�-/i�[:I�4h2��¯2%b�,elC2�l34/Z:j�.\i�Z3KMb�.10326&�-h[BFejMZ3Kz4|� -5&�IJ.�2

TJ=@?�U>�7V r I��3-hi7.�K1IGl303-/2�[�Z/&��5KM-_��Z32

.�KNI��¯-h25[�b5FE2\[	Z¯bM-/4h-_jNIG[�bv4/IæKM�6.�Z34_IGKN-hbM�J�¯2�4_IæbMK1IJ&�2J�n� Z:[32J-+&�IJ.�2
IJ>:[��n� I�4h4/-/2\KtKNi�L3Z:jcbM2XjMjM2#2�bW* I�-hL34/2x.�i7H¯b%IG45.�i�KM-hbM0/&�-_��Z32��)X�IG[:j
.\2�b�I�KcbN-/.\4h2�F:[3i�Z:j�l:KM�Xjc25[�bNi�[:j�Z3[32E&��\bM03i¯�¯2��¯2d�¯�\bM25.�bM-/i�[$�32
.\2x.�i�[�bNi�Z3KtL:I�jc�52QjcZ3K%4/I�[3i�bM-/i�[��¯2Ql34/Z:j�.\i�Z3KMb%.10326&�-/[BF3l:Z3-/j
jNIE&�i¯�¯�54h-_jMIGbM-/i�[Ál:IGKJZ3[32#254h4/-hlCjc2�FeI�-h[Cjc-n��Z32#4h2Xj»KM�XjcZ34hbNIGbNj»i�L y
bN2\[eZ:j�jMZ3K�� � � KNI��¯-/i'.�K1IGl:03-h2Xj\��%W� IGLCjc25[:.�2*�¯2*jM20.7&�2\[�bNIGbM-/i�[
l3KN�5I�4/I�L34/2%2�bt�¯2QjM2\Z3-/4/j».�i�[:�¯Z3-_jM2\[�bS3	Z3[32�L^i�[3[32�KNi�L3Z:jcbM2XjMjM2��



TJ=@?4U � V s KNKN2\Z3Kt�¯2Ql^i�Z3K1jMZ3-ÚbN2#l:IGKtZ3[:29&��\bM03i¯�¯2x.\4/I�jMjM-_��Z:2
� �������������

%B2�.�i�[�bNi�Z3K#2 ; i¯.\K-G�[3-h25[*25jcbQ4/IÁl3KNiJ(¹2X.<bM-/i�[ � X �¯2�4_I�*@KNi�[ y
bN-hk5KM2J2 ; bN�\KN-h25Z3KM2t�¯2t4_I#��i7H¯bM2t.\K-G�[3-h25[3[32�FG4h-5&�-ÚbN�\2tl:I�Kv4h2t[:201t2�b
4/2dl^i�-/[�b�4/2dl34/Z:j�-/[)*@�\KN-h25Z3K#�¯Z�.\K-G�[32�� { 4>2Xj¹bQ&�IGK1��Z:�dl:I�K%Z3[32
>:[:2�4h-5.�[:2�jci7&dL3KN2�FG-/[�bM25K* I�.�2t2\[�bNKM2t4_IQl^25IGZ�2\bz4|� i�j\F��32�4 � i�K1�¯KN2
�¯2ê��3 M�l3- ; 254/jQ�¯2�4_IGK-.�2�� %725jQ�¯-+O��\KN2\[�bNj#�54h�6&�25[�bNj#l3KN�5jM2\[�bNj
jMZ3K�4/I$KNI��¯-hi7.�K1IGl30:-h2÷jMi�[�b�4h2Xj	jMZ3-/�EI�[�bNjFV23$4 � 2 ; bM�5KM-/2\Z:K��¯2�4_I
bN��bM2�Fe4h2#.��5l30:IG4/i�jcbNIGb4&�IG-/[�bM-/2\[�bJ4h2�l:IabN-h25[�b»25[Ál^i�jM-ÚbN-hi�[B� { 4n25jcb
.\i'&�lCi�jc���¯2�l34_I�jcbM-_��Z32�IGZ�[3-/��25I�Z��¯2Xj#i�KN2\-/4h4/25j�2\bd�¯2�L3Z¯bM�525j
IE�aIG[�bv2�b»IGKNKM-/k\KN2�25[N&�IGbM�5KM-_IGZ ; i�l:I���Z325jvI�Z ; K1I ,�i�[Cj��	� { 4C25jcb
�¯i�[:.æ��-_jM-hL34/2#jcZ3K»4/25j»KNI��¯-/i'.�K1IGl:03-h2Xj\� X%2�4_Idl^�\KN-hl:03�\KN-h2���25KNj�4/2
.\2\[�bMKN2��K>/.:� M � FE[3i�Z:j>bNKMi�Z3��i�[:jf2\[:jMZ3-hbM2J4h2�*@i�[:�$*@i�[:.��#�@[:-h��25IGZ9V
M ��� FX4_I%l^25I�ZÁ� M � l:- ; 2\4_jg�n� �\l:I�-/jNjc25Z3Kf�32»�aI�4h25Z3K"&�i<,�2\[3[32�VX� ��� F
4|� -/[�bM25K* I�.�2Ql^25IGZ y i�jQ�¹�E3�M�l3- ; 2\4_j%�¯2d�EI�4h25Z3K�l34/Z:j:* IG-/L34h2�V/M ���
l3Z:-/j74 � i�jf.�KIGG[3-/2\[��@l:- ; 2\4_j>.�4_IG-/K7�¯2W[3-/��2XIGZ�� �a��� �0X�IG[:j74/ItlCIGKMbM-/2
-/[)*@�\KN-/2\Z3KN2�FC4/I÷L:I�jM2d�¯Z$.\K-G�[32x2Xj¹b &�I�4>�¯�0>:[3-/2d2\bæ4_I�*@KNi�[�bM-/k\KN2
[B� 25jcb�l:I�jt�e-/jM-hL:4h2��/X%2	.�2�bMbM2x�¯2XjM.\KM-/l¯bN-hi�[BF3[3i�Z:jtl3KNi�l^i�jMi�[:jJ�¯2

TJ=@?�U M/V¯�WKNiJ>:47�B� -/[�bM2\[Cjc-hbM�x�n� Z3[32#4/-+.�[32
KN�5jMi�Z:�3KM2�4h2#l3KNi�L:4hk6&�2#l^i�jM�#2\[ê����bNI�lC2XjFV
��� } Z3l3l3KN25jNjM-hi�[��¯2XjJ�\4/�0&�2\[�b1jt2 ; bM�5KM-/2\Z:KNjS3�4/I	bN��bM2
� �WX%�\bM25.�bM-/i�[��¯2 � lCi�-h[�bNj��¯2tl:I�jMjNIJ.�2J�3Z�.�i�[�bNi�Z3Kv2 ; i¯.\K-G y
[3-h25[

M:�J�>i�Z3K1jcZ3-hbM2��¯Z÷.\i�[�bMi�Z3Kz25[�bNKM2�.�2Xj � lCi�-h[�bNj»�3I�[:jz4_IxlCIGK y
bM-/2xjcZ3l^�\KN-/2\Z3KN2Q�¯Z�.�KIGG[32

�C�J�>i�Z3K1jcZ3-hbM2Q�¯2Q4_I�l:IGKMbM-/2#-h[8*@�\KN-h25Z3KM2Q�¯Z�.\K-G�[32
� �t,�i¯�¯�\4/-/jNIabN-hi�[ÁlCIGKtZ3[32Q254h4/-/l:jc2
%7It�¯-
	�.�Z34hbM�z25jNjc25[�bN-h254h4/2g2�b74|� i�KN-+.�-h[:I�4h-hbM�v�¯2v4|� IGl3l3KNi¯.1032W.103i�- y
jM-h2WjM2WjM-ÚbNZ32WIGZ#[3-/��2XIGZQ�¯2W4_IJlCi�Z3K1jcZ3-hbM2W�32W.�i�[�bNi�Z3KX�#%B2W.\i�[�bMi�Z3K
2 ; i¯.\K-G�[3-h25[�jcZ3-hbP.�KNi�jNjc-/k\KN20&�2\[�bt4_I�4/-+.�[32d�¯i�[�b�4 � -/[�bN2\[:jM-hbM��25jcb
* I�-hL34/2÷2\b��aI�KM-/2÷l^2\ZB� w 25lC25[:�3I�[�bXFf4/25j��¯-+O��\KN2\[:.\25j��n� i�jMjM-+>C.\I y
bN-hi�[�4h2�4/i�[8.d�32�.\2�bcbN2æ4/-5.�[32�jc2 &�I�[3-+*@25jcbM2\[�bJl:IGK»�¯25j�2\[C.�i¯.10325j
��2\K1j74/2t.�2\[�bNKM2t�¯i�[�bv4_I%�aI�4h25Z3Kv25jcbvl:IGK *@i�-_j>-h[)*@�5KM-/2\Z:KM2S3#.�2\4/4/2»�¯2

[3i�bMKN2x.�i�[�bNi�Z3KX�e�vIGK%I�-h4/4h25Z3K1j\F¯-/4B2 ; -_j¹bN2x�¯25jt.5I�jti��Á4/2x.�i�[�bMi�Z:K
2Xj¹bt-/[�bN2\KNKMi7&�l3ZB�)%B2Xj»�3-LO��\KN2\[�bM2Xj»bM2X.103[3-_��Z:25jJ�¯2#lCi�Z3K1jcZ3-hbM2#jM2
.5IabNI�4hi7.�Z325[�b»25[ � .5IabM�6.�i�KM-/25j�V

 4h2XjWjMi�4/Z¯bM-/i�[:jg4/i¯.\I�4h2Xjv2 ; IJ&�-/[32\[�bW4/25jv��i�-_jc-/[:jg-5&N&��X�¯-_IabNj�n� Z3[Ál^i�-/[�btlCi�Z3KJbMKNi�Z3��2\KJjci�[ÁjMZ:.\.\25jNjc25Z3KX��%fI$*@i�[:.<bN-hi�[
�¯2æ.10:i�- ; jM2%LCI�jM2æjMZ3K�4/2#.�i'H3b»-5&N&��X�¯-_Iab5� w 2Xj�jMi�4/Z¯bM-/i�[Cj
�5.103i�Z32\[�bgi�L34/-5.�IabNi�-/KM26&�2\[�bg�:IG[:jg4/25jv.5I�jv�n� -h[�bN2\KNKMZ3l3bM-/i�[
2�b%�¯2XjJ2\[:.\i¯.10325jJl3KN�5.\�5�¯25[�bM25j5�

 %B2XjfjMi�4/Z¯bM-/i�[Cj�.�4hi�L:IG4/25j7KM2X.1032\K1.1032\[�b74/2�&�25-h4/4/2\Z3Kg.10320&�-/[�3IG[CjJ4h29.�KNI�l3032Qjci�-Úb�lCIGK��¯2XjJl34hZCj%.�i�Z3KMbt.10:20&�-h[ .��\[3� y
KNI�Z ; �3I�[:j��¯25jN.�KNI�l30325j5Fvjci�-Úb�l:I�K��¯25j�bN25.103[3-_��Z325j��32
b�,elC2$%72\��254 } 2\bNj5��%W� -/[:.�i�[����\[3-/2\[�b:&�I<(¹25Z3K��¯2d.\25jJbN25.10 y
[3-_��Z:25j5F�25jcbzZ3[:2æjMi�4/Z¯bM-/i�[�l3Z:KM26&�25[�b�.�4/i�L:I�4h2�� } -^4h2æ.�i'H3b
I�jNjci¯.\-h��25jcbx4/Iê�aI�4h25Z3Kx�¯Z l3- ; 254 F74h2�l34/Z:jx.\i�Z3KMbx.10320&�-/[
25jcb	.�254hZ:-»��Z3-zbMK1IE��2\K1jM2�4_I�l^25I�ZBF>.\i�Z3l^2÷I�Z l34hZCj	.\i�Z3KMb
�3IG[Cjg4h2S*@i�[:���¯2t4 � -5&�I'.�2�FGKM2\bMK1IE��25KNjM2z4_I�lC2XIGZ�IGZ�[3-/��2XIGZ
�¯Z*�¯25Z ; -hk6&�2Ql^i�-/[�b5�C�gI�K%IG-/4/4h25Z3KNj5F34_I�.�i7&�l:4h2 ; -hbM�Q2\b%4_I
bNI�-h4/4h2Q�¯2Xjt-5&�I'.�2Xj��54h-5&�-h[:2\[�b%.�2Xj»bM25.10:[3-/��Z32Xj\�

%B2»l3KNi�L34/k0&�2J�¯2�4_I�l^i�Z:KNjMZ3-hbM2J�¯Z�.\i�[�bMi�Z3K72 ; ie.\K-G�[3-/2\[xl^2\Z¯b
jM2 *@i�K &	Z34/2\KJ�¯2æ4_I$&�I�[3-hk5KM2�jcZ:-h�aIG[�bN2	V��������������������! "��#%$'&(#)$'*
&+$'#-,��.�/&+���0�-1-23�4$'&3��56�/&7�0�858�9,4&3�;:<,4&35=�
�85�>?�4&��85@:<�6&3$'�4�!,4�
A ,�$CB/�
�D������&6,<�!�!�E2��E,�&3�F���85G$'&3�9�/�8�8�?2���$C��&"5H:JI ��&��K�
��&ML<�3�/���F2N��O�*
:�OCPQ&3$C�?R

SGT�U VXWQY�Z3[\Y�]9^�_a`H_ab�WQc.^�WQYHZd_Fc.^�Z"_aSfegWQ]�c.^�[
�gi�Z3K�KM�Xjci�Z:�¯KN2t4h2Xjz.�i�[�h:-hbNjz4hi�KNj��¯2�4_IQlCi�Z3K1jcZ3-hbM2	�@l34/Z:jM-h25Z3KNj
l^i�-/[�bNj��¯2P&��0&�29.�KNI��¯-h25[�b5Fe20&	L3KNI�[:.10326&�25[�bNj»[32x.�i�[:�¯Z3-_jNIG[�b
l:I�jxIGZ l^i�-/[�b$>:[:I�4 Ff-h[�bM25KMKNZ3l¯bN-hi�[:jQ�¯Z�.\i�[�bMi�Z3K � FB[3i�Z:jQZ¯bN-h4/- y
jMi�[:jxZ3[32�-/[)*@i�K-&�IabM-/i�[ KN�0.�-hi�[:IG4/2�2�bx[3i�[ jcbMKN-_.<bM26&�2\[�bd4/ie.5IG4/2
i�Z .�4/i�L:I�4h2÷2�b��3�#>:[3-_jNjci�[:jx4/2÷l34/Z:j�.�i�Z3Kcb�.10320&�-/[�KM�6.�-/i�[:I�4h2 y
&�2\[�bX�F%7IÁlCi�Z3KNjMZ3-hbM2�j\� 2#O�25.�bMZ32�jM�5��Z325[�bN-h254h4/20&�25[�bQ�¯2�l3KNi¯.1032
25[�l:KMi¯.1032QjMZ3K�.�2#l34/Z:j�.\i�Z3KMb�.10320&�-/[ÁKN�0.�-hi�[:IG4|�

iJjCkNjCk lgm Ã>Â�þ�nCÃfüEû�þ�o�peÄrq�s
s [÷jMZ3l3l^i�jNIG[�bz��Z32 � l^i�-/[�bNj��¯2�l:I�jMjNIJ.�2#� ���%2\bz� ��� jMi�-/2\[�b
.\i�[3[eZ:j5F�4|� I�l3l3KNie.10:2W.103i�-_jc-/2v25jcb7-hbM�5KNIGbM-/��2�� ~ l:IGKMbM-/K7�n� Z3[Ql^i�-/[�b
-/[3-hbM-_IG4¯����FX4/2JlCi�-h[�bvjcZ:-h�aIG[�bg25jcbg.10:i�-_jc-¯jMZ3KgZ3[	.10326&�-h[��¯2J.�i'H3b
&�-/[3-+&�I�4Q&�25[:IG[�b 3�Z3[)lCi�-h[�bêl3KN�5�¯-hb 3 l:I�KcbN-hKê�¯Z ��25.�bM2\Z:K
b1IG[8.�2\[�b5� } i�-h25[�b 3	4|� -ÚbN�\K1IabM-/i�[t$UF

uwv 4h2Ql^i�-/[�b�.�i�Z:KNI�[�bXF
x yz v 4h2Q��25.�bM2\Z:Kt[3i�K-&��æb1IG[8.�2\[�b:3�.�2#lCi�-h[�bX�

%z� -/[)*@i�K-&�IabN-hi�[�KM�6.�-/i�[:I�4h2%25jcb»�¯�\bM2\K-&�-h[:�\2�2\[÷l:KM�X�¯-/jNIG[�b»4/IdKM� y
.�-hi�[��3IG[:j÷4/I���Z32\4/4h2�4/2�.\i�[�bMi�Z3K�KN25.10325KN.10:�ê�3i�-hb�jM2�bMKNi�Z3��2\KX�
@%i�Z:j#Z¯bN-h4/-_jci�[:j#Z3[32�KN�0.�-hi�[��¯2N*@i�K &�2�KM2X.<bNI�[8.�Z:4/I�-hKN2�Fn�¯�0>:[3-/2
l:I�KJ4h2#l^i�-/[�b u v 2�bt4/2#lCi�-h[�bH{ vQ| u vE}�~"� x yz v F¯-|� 2��¯4h2Q.�i�[�bMi�Z:K
2Xj¹b�IGl3l3KNi ; -+&���l:I�KdZ3[:2Á�¯KNi�-hbM2���%725jxl^i�-/[�bNj){ v 2�b u v 2\b	4_I
[3i�K &�I�4h2 3 x yz v IGZ &�-/4h-/2\Z �¯2 x�x+yu v { v *@i�K &�25[�b�Z3[ 4hi�jMI�[8.�2÷�32
�¯-_IJ.�i�[:I�4h2Xj)� �3I�[:j�4h2X��Z:2\4J4/I�.�i�Z3KNLC2ÁKM2X.1032\K1.103�\2Ál:I�jNjM2÷l:I�K
u v 2\bzKN25jNjci�KcbzI�l3l3KNi ; -5&�IabN-h��20&�2\[�bvl:IGK.{ v 2\[�jMZ3-h�aI�[�b�4h2�l:4hZ:j
.\i�Z3KMb�.10326&�-/[B��%7Id�EI�4h25Z3K��3Z�l:IGK1IJ&�k\bMKN2����¯i�-hb»�3i�[:.%KM2Xjcl^25. y
bN2\Kt.�2\bcbM2�0�,elCi�bM03kXjc2æ- � 2��e4_Id�¯-_j¹b1IG[:.\2%25[�bNKM2�4/2æ.�i�[�bMi�Z:K�KN�\254C2\b
{ v 25jcb$* IG-/L34/2��2%7I *@i�[:.<bN-hi�[��¯2�.�i'H3b	�¯Z�l:4hZ:j�.�i�Z3KMb	.10320&�-/[
��Z3-B2Xj¹b�I�jMjMi¯.�-/�\293�.10:I���Z32�l3- ; 254B25jcb%jMi�[�[3-h��25I�ZÁ�¯29.�KM-_j\�
} i�ZCjz4|� 0�,el^iGbM0:k5jM2%�n� Z3[32æ.\i�Z3KNL^2 &�i�[3i�bMi�[32%�3I�[:jW4/2%KN2\l^k\KN2

uwv F x yz v F x y� v bN2\4»��Z:2 x yz v@� x y� v F�3ê4 � -/[�bN�\KN-h25Z3Kd�¯Z 4/i�jNIG[/.�2��¯� y
>:[:-Bl:IGK�{ v 2\b u v F3[:i�Z:jtl^i�Z:��i�[Cj»I�4hi�KNjJZ3bM-/4h-_jc25Kt4h2Xjti�Z3bM-/4/j��32
l3KNi'.�KNI'&N&�IGbM-/i�[ê�),e[:IJ&�-_��Z32xi�Z*�32d�¯-_j¹b1IG[:.\2d�n� �5�¯-hbM-/i�[*2\b%4_I
*@i�[:.<bN-hi�[ê�32#.\i'H¯b%j5� �5.�KN-hb�V



u ���������
	������� u ����������������������� �"!#� x yz v ��$&%'���������(�
u ����������)�* � �������+�",�� x yz v ��$
%-��� �����.�
u ���������0/'����������� �"12� x yz v ��$&%-��� �������(3

�¹� �

%B2Xj *@i�[:.�bM-/i�[:j �������������������.���'���4�5)����������(���'������/���������� �3�5.�KN-/��2\[�b
4/25jvl:KM�X�¯�5.\25jNjc25Z3KNjv�3Z�lCi�-h[�b��¯2æ.�iei�K1�¯i�[:[3�\2Xj ����� 2\[N*@i�[:.<bN-hi�[
�¯2÷4/I*�3-hKN25.�bM-/i�[ .��5[3�\K1IG4/2��¯2Á4/Iêb1IG[8.�2\[�bM2 x yz v ��%B2�b1IGL34/25I�Z��
l3KN�5jM2\[�bN2#�32\Z ; �¯-hKN25.�bM-/i�[:jd� � 2�b = � �¯20.�KM�Xj � �8%B2Xj�IGZ¯bNKM2Xjtjci�[�b
i�L¯bM25[�Z:25jJl:I�K»KNiGb1IabN-hi�[B�

6�S7]�Uf�'V3�WKN�5�325.�2XjMjM2\Z:KNjJ�n� Z3[êlCi�-h[�b
x yz v | � � F/� � x yz v | �¹��Fh� �

l3KN25�n��� ; F , � ;ey ��F , y � ; F , y �
l3KN25� � � ; F , � ; F , y � ;ey ��F , y �
l3KN25�8MC� ; F , � ; } ��F , y � ;ey ��F ,

%B2XjW�aIG4/2\Z3K1j»�¯25j�*@i�[:.�bM-/i�[:j�I:� � FeL7� � F¯.�� � jci�[�b�4/25j�4hi�[8.�Z325Z3K1j
�¯2Q.\25j�.10326&�-h[:jQ�c�#i�Z87 ) � �
%B2ê.\I�4/.\Z34t25jcb�2#O�25.<bNZ3�êlCi�Z3K�bMi�Z:j�4h2Xj�lCi�-h[�bNj��3Z 4/i�jNIG[8.�2

l3KN�5.\�5�¯25[�b5� %B25j#.\i'H¯b1j��325j�lCi�-h[�b1j�jM-hbMZ3�XjQjcZ3K�4_I�*@KNi�[�bM-/k\KN2	�3Z
4/i�jNIG[8.�2%2\bS3�Z3[32#�¯-_j¹b1IG[:.\2æ-/[)*@�5KM-/2\Z3KN2P3 ~�9 � �¯2g{ v jci�[�bJ2 ; I y
&�-/[3�5j5�6%72zl^i�-/[�bf2�bf4/2�.10:20&�-h[QKN2�bN2\[eZxjMi�[�bf.�25Z ; �¯2zl34/Z:jF* IG-/L34h2
.\i'H¯bX�7%B2%lCi�-h[�b��¯2æ.�i�[�bNi�Z3KzjMZ3-/�aIG[�b uwv;:+< 25jcb�I�4hi�KNjW�3�#>:[3-Cl:IGK
4/2QlCi�-h[�b%jM-ÚbNZ3�$3�Z3[32x�3-/jcbNI�[:.�2 � � �>= ��F3lCIGK1IJ&�k�bNKM2 > ; � � �¯2
uwv jMZ3K�.�2x.10326&�-h[B�
%W� IG45.�i�KM-hbM08&�2v[32»[3�X.�25jNjM-ÚbN2zIG4/i�K1j7��Z32 /�$ ��?z.5IG4_.�Z34_j7�¯2J.�i7H¯b5F

3�.�i7&�lCIGKN2\K�3æ4_I�.�i'&�l34/2 ; -hbM�t�n� Z3[�IG45.�i�KN-hbM08&�2��32�b�,el^2WX%- ( ~ j y
bNKNI���Z3-n25jcb�2\[(��? $&@BA4C#� ��? � �

iJjCkNj i D ý m qBE�q û5ÀFE p�Â-o#GIHQnCû o+JeÂ peÂ
%7I �¯-_jcbNIG[C.�2�2\[�bNKM2�4/2*l^i�-/[�bÁKM�52\4�2\b÷4h2�l^i�-/[�bÁ.\I�4/.\Z34/�({ v

2Xj¹b��¯2÷4|� i�KN�3KM2��¯2�.�K1IG[:�32\Z3Kd�32÷4_I$�¯-_j¹b1IG[:.\2�2\[�bNKM2Á4/I*�3KMi�-ÚbN2
b1IG[8.�2\[�bM2W2\bfZ3[:2z2\4/4/-hl:jM2�FEjMi�-hb ! x !�K2,�$ 7 , ? x � ? i<� ! 2�b , jci�[�b4/25j�l:I�KNI'&�k\bMKN25jæ�¯2	4|� 2\4/4h-/l:jM2�I�l3l3KNi ; -5&�IG[�b%4/2�.\i�[�bMi�Z3KX� w 2\bcbM2
�¯-_jcbNIG[C.�2»25jcb�&�IJ(¹i�KN�\2»l:IGK ~�9 � FE.\2»��Z3-3.\i�[:�3Z3-Úb	3g� =ML(NPOQNPRBSL(NPO S : R SX�IG[:j%4/I÷l3K1IabM-_��Z32�FC4 � i�K1�¯KN2d�¯2�.�K1IG[:�¯25Z3K%�¯2Xj%�aI�4h25Z3KNjæ�¯2 ! 2�b
, 25jcb%�¯2#� ��� � w 2�bMbM2x.�i�[:�¯-hbM-/i�[ê25jcb��¯i�[C.�bMi�ZJ(¹i�Z3K1j»���\KN-+>:�\2��
%7I �¯25Z ; -hk6&�2 0�,elCi�bM03kXjc2 *@i�KcbN2�2Xj¹b*4_I &�i�[3i�bMi�[:-h2 �¯2 4_I
.\i�Z3KNLC2��:IG[:jd4h2�4/i�jNIG[/.�2��¯�0>:[3-zlCIGK%{ v 2\b u v � } -�4/I*.\i�Z3KNL^2
2Xj¹bJIGl3l3KNi ; -+&��52�l:IGK»Z3[32�2\4/4/-hl:jM2�Fe254h4/2%2Xj¹bS&�i�[3i�bMi�[:2æ�3I�[:jzZ:[
��Z:I��¯KNI�[�b5� w 2�bMbM2�0�,elCi�bM03kXjc2J2Xj¹bz�¯i�[:.»���5KM-+>:�\2t�3I�[:jW.\2J.5I��¯KN2�F
.5IGKJ[3i�ZCj�l^i�Z:��i�[Cj�KN20&�I�KN��Z325K»��Z32#4/25jJ�aIG4/2\Z3K1jJ�¯2��÷Z¯bM-/4h-_jM�\25j
jMi�[�b�* IG-/L34h2Xjv�¯2\�aI�[�bg4/25jg�aIG4/2\Z3K1jg�¯2J.�i�Z:KML3Z:KM2J�¯Z�.�i�[�bNi�Z3Kg2 ; i y
.\K-G�[3-h25[B�'%z� I�l3l3KNi ; -5&�IabN-hi�[�lCIGKWZ3[:2%2\4/4/-hl:jM2%IQ�\bM�æ2 ; lC�5KM-5&�2\[ y
b1IG4/20&�2\[�bt���5KM-+>:�\2�F3�3IG[CjtjMI�l:I�KcbN-h2QjMZ3lC�5KM-/2\Z:KM2��

iJjCkNjUT l ý¯üaý3ÄVJ�û\ü4peÂ
%B2Xj7jM2\Z34/25j7�EI�4h25Z3K1jB-/[�bNKMi¯�¯Z:-ÚbN25jB-_.�-ejMi�[�b74/25jfl:IGK1IJ&�k�bNKM2XjF��2�b

� ��%725j��aI�4h25Z3KNj%�¯2%�êjMi�[�b:&�I<(¹i�KN�\2XjJl:IGKæ4h2Xj�I ; 2Xj��¯2d4|� 2\4/4h-/l:jM2
2\b�&�-h[:i�KN�\25jdl:IGK	4/I$4hi�[8.�Z:2\Z3K1jd�¯2Xjd-/[�bM25KMKNZ3l¯bN-hi�[:jd��Z32Á[3i�Z:j
bNKNI�-ÚbNi�[:j5�/%7IN&��\bM03i¯�¯2x2Xj¹b��¯i�[:.#l^2\Z*jM2\[Cjc-/L34/2dIGZêl:I�KNI'&�k\bMKN2
����%B2*lCIGK1IJ&�k�bNKM2 � lC25K &�2\bÁ�¯2$l:KMi7.�KN25jNjc25K�l:4hZ:jÁi�Z &�i�-h[:j
�e-hbM2�� } 2\Z34/2�Fn4_I÷K1IGl:-/�¯-hbM���¯2�4|� i�Z¯bM-/4v25jcbxIG4/i�K1j%25[�.5IGZ:jM2����gi�Z3K
4/25jJ2 ; 26&�l34h2XjJl3KN�5jM2\[�bM�Xj\F3� 	W�4XYX 2�b �Z	W� �

SGT S VXWQY�Z3[\Y�]9^�_ `�_\[^] e_] Z"^�] _ ] ca`PbFZ3] _FY�Z"_ `�Y
b�Z�c c�_

w 2�bMbM2�lCi�Z3KNjMZ3-hbM2	25jcb#I�jMjMZ3KN�\2xl:I�Kæ4_I�&��6&�2R&���bN03i¯�¯2�FnjMi�[
I�KMKN��bJ25jcbtKM�XIG4/-/jM��jMZ3KJZ3[�.�KN-hbMk\KN2#�¯2#KMZ8.�i�jM-ÚbN���)%W� -_�¯�\2Q�¯2Q.�2\bcbN2
&�25jMZ3KN2z2Xj¹bg��Z:2�4/2�.\i�[�bMi�Z3K72Xj¹b>bMKNk5jf4h-_jNjc2�2�b>jMZ3-hb>Z:[32»�3-hKN25.�bM-/i�[
254h4/-hl3bM-_��Z:2x4hi�KNjN��Z32�4/IR*@KNi�[�bM-/k\KN2Q�¯2Q4|� i�jJ25jcb���-_jM-hL34/2Q2�b%�32\�e-h25[�b
.10:I�iGbN-/��Z32�2�bdjNIG[Cj��3-hKN25.�bM-/i�[�l3KM�X.�-_jc2�25[:jcZ:-ÚbN2���@%i�Z:jQ�¯�0>:[3-_j y
jMi�[:jJ4_I�KMZ/.�i�jM-hbM��l:IGK"V

d ����e4��	Mfg
vUh <

����� v x �-@�^i�ij� v �^?
����� v x ��@�^i�i4� v �^?4�

%72tlCi�-h[�bz�n� IGKNKM�\b u&k 2Xj¹bz.\2\4/Z3-3l^i�Z3KW4/25��Z3254¯4/IQ.\i�Z3KNL^2»2Xj¹bWlCIGK y
* I�-ÚbN20&�2\[�bx4/-/jNjc2�IE�aIG[�bQ2�bd.\i'&�l34/k�bN20&�2\[�bx.10:IGi�bM-_��Z32�2\[:jMZ3-hbM2��
{ 4�&�I ; -+&�-_jc2%4h2�K1IGl:lCi�Kcbz25[�bMKN2�4/IxKMZ8.�i�jM-ÚbN���¯2%4_Ix.\i�Z3KNLC2%2\[�bMKN2
u k4l

f
2�b u k 2\bW4/I#KNZ8.�i�jc-hbM�J25[�bNKM2 u k 2�b u k :

f
i<�=� 25jcb2> ; ���

�gi�Z3K#�¯-_jcl^i�jM2\K#�n� Z3[32N&�25jMZ3KM2E>CIGL:4h2ê��m 2Xj¹bQI�jNjM-+&�-/4/I�L34h2�3
Z3[:2dj¹b1IabN-/jcbM-_��Z32x�n� i�K1�¯KM2 ��� F3� �¯i�-Úb��\bMKN2xjcZ3l^�\KN-/2\Z3K:3ê� ��� � { 4
2Xj¹b�-_.�- > ; �$3NM ��� �

SGTon pqbJ^\_�bN^�] WQc `�_ S egWQ] c.^"[a`H_ ea] [\[0]sr _ `�Y
b�WQc.^�WQY�Z _ItKWKb�Z�c c�] _Fc

w 2tjci�[�bg4/25jgL^i�K1�3jgIG[�bM�5KM-/2\Z3Kg2\bgl^i�jcbM�5KM-/2\Z:Kg�3Z�.\K-G�[32��<Xæ2\Z ;
bN20&�l34_IabM2XjtL3-/[:IG-/KN25jJi�[�bt��bN�x.�i�[:j¹bNKMZ:-Úb1jW3	lCIGKMbM-/K��n� Z:[��X.10:IG[ y
bN-h4/4hi�[÷�¯2�K1I��3-hi�jv2�b�&�i¯�¯�54h-_jM2\[�bz4/25jWlCIGKMbM-/25jzI�[�bM�\KN-/2\Z3KN25jt� KM2XjclB�
*@KNi�[�bNI�4h2Xj � �¯Z	.\K-G�[32�� � [	jM-5&�l:4h2zbM20&�l34_IabN24&�IGbN.103-/[8.�2Xj¹bvIG4/i�K1j
KN�5I�4h-_jc�tjMZ3KW4|� -5&�IJ.�2W.�K1I��¯-/2\[�b5�J%725jvl^i�-/[�bNjW�32%�¯�\lCIGKMbW���t2�bz� �
jMi�[�bx4/25jxl^i�-/[�bNjx�32�l34/Z:j9*@i�Kcb$.�KNI��¯-h25[�bdjc-hbMZ3�Xj$3 &�i�-/[:jd�32 �
l3- ; 2\4_j7�¯ZQl^i�-/[�b>�¯2zKM�5lCi�[:jc22&�I ; -5&�IG4/2W�¯ZQbN20&�l34_IabM2�F5jMZ3K74|� I ; 2
i�KcbN03i'.�i�[:I�4>� 03i�KN-+15i�[�bNI�4 � 3�4_Idb1IG[8.�2\[�bM2Q�¯Z &�i¯�¯k\4/2��
%B2Xj�bN20&�l34_IabM2Xj#.�i�[Cj¹bNKMZ3-hbNjæjc2�K1IGl3l3KNi¯.1032\[�b%�n� Z3[�.�2\K1.�4/2	�32

.�KNI�[:���¯-/I'&�k�bMKN2�� XæI�[:j».�2%.5I�j5FG4h2Xjzi�L)(¹2�b1jW2 ; bN�\KN-h25Z3K1jgbM254/j���Z:2
4/2�.��5l30:IG4/i�jcbNIGbWlC25Z3��25[�bzIE��i�-/Kv�¯25jWKM�5lCi�[:jc2Xj>bMKNk5j�*@i�KcbN25j5Fa��i�-hKN2
jMZ3l^�\KN-h25Z3KM2WI�Z ; lCi�-h[�bNjBKM�52\4_j\� ~ >:[x�n� �\4/-5&�-/[325Kf.�2XjBKN�\l^i�[:jM25j5F<4_I
K1I��¯-/i'.�KNI�l303-/2z2Xj¹bWIGZ:l:IGK1IE�aIG[�b�>:4hbMKN�\2J25[	Z¯bN-h4/-_jMI�[�bW�¯25Z ; >:4hbMKN25j
&��5�3-/I�[:j��¯-/KM2X.<bM-/i�[:[32\4_j\�2%72\Z3K�bNI�-h4/4/2�2Xj¹b��¯�0>:[3-tl:I�K�4 � 25jMl:I�.\2
4/-hL:KM2æ2\[�bMKN2æ4_IQbN��bN2æ2\b»4/2%L^i�K1���¯2�4 � -5&�I'.�2�F���Z3-�25jcb�3	l^2\Z÷l:KMkXj
.\i�[:jcbNI�[�bX� { 4_jdI�jNjMZ3KM25[�b#4_I*jMZ3l3l3KN25jNjM-hi�[��¯2XjxL3Z3bM�\2XjdIE�aIG[�bx2\b
I�KMKN-hk5KM2#�¯Z�.��5l30:I�4hi�j¹b1Iab5�

SGT�u v WK`ab�[ ]�[0] ^"] W.c e_] Z Y�cH_a_�[�[�] e;[�_
� [32�.�i�[3-/��Z32÷25jcbdKM25l3KN�5jM2\[�bM�52�l:IGKx4|� 2\[:jM20&	L34h2Á�¯25jdlCi�-h[�bNj

��������� ���\KN-+>CIG[�bxw � ý ��y��z	{X i<�Vw 25jcbd4_I *@i�[:.�bM-/i�[�� ��� jMZ3- y
�aIG[�bN2	V

w � ý ��y ��	 ý y|	}!��-?
�",.���~�"1.��?
�"�Y�Z�V�4�~��� � ���
IE��25.�ý 	�* !�,_1����z�'� 2�b y8	�* � ? ����� ? �F�8�Q��� �
w � ý ��y v � 25jcb#4_I��¯-/jcbNI�[:.�2�IG45.��5L3KN-/��Z32d�B� Z3[�l^i�-/[�b y v 3Á4/I�.�i y
[3-_��Z32x�n� �5��Z:IGbM-/i�[�w � ý ��y���	}X �
�gi�Z:Kw� lCi�-h[�bNj y < �Q3Q3j3I��y

f
Fe4h2�l3KNi�L34/k0&�2æ.\i�[:jM-_j¹bN2 3xbNKMi�Z3��25K

4/2Q��2X.<bM25Z3K&� ý����5KM-+>CIG[�b�V
� ý 	}!��4C2������ fg

vUh < w
� ý ��y v � ? � M �

jMi�Z:jW4/Ix.\i�[�bMK1IG-/[�bM2JKN25jMlC2X.<bM�52tl:IGKzZ3[32�254h4/-hlCjc2�F �3 ��30, ? x>� !51�=X �
X	� I�l3KNk5j B � D|F»4/I jci�4hZ3bM-/i�[ 3 .�2 j,¯jcbMk0&�2�25jcb��¯i�[3[3�\2�l:IGK�4/2



��25.<bN2\Z3K	l3KNi�l3KN2÷I�jNjMie.\-h��3*4|� Z3[:-/��Z32��aIG4/2\Z3K�l3KNi�l3KN2�[3�6.�IabN-h��2
�¯Z�j ,¯j¹bNk0&�2P.��\[:�\K1IG4/-/jM��� � � V

{ � {÷ý 	 � ý 	�� u ý �@� �
IE��25.6{ 	 * y < y ? 3Q3j3Zy

f
� � 4/I &�IabNKM-_.�2�4/-h�52êI�Z ; �¯i�[3[3�\2Xj\F� 	 { � { 4/I &�IabNKM-_.�2�KN2\l3KN�5jM2\[�bNIGbM-/��2��¯2�4 � 25jMl:I�.\2��¯2�lCi�-h[�bNj

*@i�K &���F � 4_I��aIG4/2\Z3K>l3KNi�l3KN2�I�jMjMi¯.�-/�\2zI�Zd��25.<bN2\Z3K>l3KNi�l3KN2�ýd2�b u
Z3[:2$&�IabMKN-_.�2x2 ; l:KM-5&�IG[�b�Z3[32d.\i�[�bMK1IG-/[�bM2xI�4+.��\L3KN-/��Z32QKN2\4_IabN-h��2
3�4_I�.\i�[3-_��Z3293��¯��bN2\K-&�-/[325K5F83�jNIE��i�-hK#� ��� V

, ? x � !51 	 ý �

��������
X X x ) X X X
X � X X X X
x ) X X X X X
X X X X X X
X X X X X X
X X X X X X

��������	 ý 	 ý � u ý � ���
w 2�j,¯jcbMk6&�2t2Xj¹bz�32tKNI�[8.Q�¯�#>C.\-h25[�bz2�bzjNIQjci�4hZ3bM-/i�[�lC25Z¯bz�\bMKN2

K1IGl3-_�¯26&�25[�b»bNKMi�Z3���52ælCIGKtZ3[32x�3�5.�i7&�lCi�jc-hbM-/i�[�2\[�L34/ie.5j\�
@%i�Z:j»�¯��bN2\K-&�-h[3i�[:j»IG-/[:jc-^4/25j4&�IGbMKN-/.\25j ��< F � ? F ��
 F � L F¯ý < F ý ? F2\b u < �/%B2Qj ,¯j¹bNk0&�2P.��\[:�\K1IG4/-/jM��� � � �¯25�e-h25[�b%I�4hi�KNj�V� ��<� ?��
�� L�� � ý <ý ? � 	�� � u < X

X X � � ý <ý ? � � ���

jMi�-hb�V� * � < � � ? � L l < � x � 
 � � ý < 	 � u < ý <
ý ? 	 � L l < � x � 
 ý < � � �G�

@%i�Z:jg-/[e��2\K1jMi�[:j>4_I &�IGbMKN-/.\2 � L 2\[�KM�XIG4/-/jNIG[�bvIGZ�l3KN�5I�4/I�L34h2»Z3[32�¯�X.�i7&�l^i�jM-hbM-/i�[ê�¯2 w 03i�4/25j ~ ,��
} i�-Úb

z 	�* ��< � � ? � L l < � x ��
 ���
%72�l:KMi�L34hk6&�2�-/[3-hbM-_IG47�32\�e-h25[�b

z%ý < 	�� u < ý < � � �� Z�2\[:.\i�KN2
u l < $ z%ý < 	�� ý < � = �

%7I*jMi�4/Z¯bN-hi�[ KM2X.1032\K1.103�\2�2Xj¹b	4 � Z3[3-_��Z32÷K1I�.\-h[32÷[3�0.�IabM-/��2��3Z
l^i�45,e[��'&�2÷.5IGK1I�.<bN�\KN-/jcbM-_��Z32��¯2Á�320.�KN��M*�¯Z j,¯jcbMk0&�2C=:F72\b	4/2
��25.<bN2\Z3KJl3KNi�l:KM2Qýê�¯�#>C[3-Úb�4|� 2\4/4h-/l:jM2QKM2X.1032\K1.103�\2��

� � ���"���I���P��� ���! �$� �"�0���"!#�$�
%W� 2\[:jM20&	L34/2��325j�bMK1IG-hbM26&�2\[�bNjQl:KM�Xjc25[�bN�5j�i�[�bQ��bN��bM2Xj¹bN��jcZ3K
� � ��.\�\l30:I�4hi7.�K1IJ&N&�25j�i�L¯bM25[eZ:j 3�l:I�KcbN-hKê�¯2 M�.\I�L3-/[32�b1jÁ�¯2
K1I��¯-/i�4/i'.�-h2��¯-+O^�5KM25[�b1j�jcZ:K � I�l3l:IGKN2\-/4_j��32�KNI��¯-hi�4hi7.�-/2÷[eZ8&�� y
KN-/��Z32»�¯2�&�I�KN��Z32Xjf�¯-+O��\KN2\[�bM2Xj\� %B2Xjf�¯-+O��\KN2\[�bNjfl:IGK1IJ&�k\bMKN25jBi�[�b
�\bM�$> ; �	i�Z*���\KN-L>C�E3�l:I�KcbN-hK��n� Z3[32	��Z3-/[81XIG-/[32	�¯2	KNI��¯-/i�j5� } Z3K
� � �x.��5l30:I�4hi7.�K1IJ&N&�25j5Fa4h2XjWl^i�-/[�b1jz-/[3-hbM-_IGZ ; ���æ2�bz� � �¯2æ�32\Z ;
-5&�IJ.�2Xjx[B� i�[�b�l:I�jd��bM�ê�¯�\bM25.�bM�Xj\�>�gi�Z3K�4h2Xj	I�Z¯bMKN25jdKNI��¯-/i�j5F74/2
.\i�[�bMi�Z3K�I��\bM�����5KM-+>:�d�e-_jcZ:2\4/4h26&�25[�b#2\b9.�4/i�L:I�4h26&�25[�b5�A%7IÁ[3i y
bN-hi�[ê�B� 25KMKN2\Z3K%25jcb%�¯�#>:[:-h2xlCIGK�Z3[��X.\I�Kcb��e-_jcZ3254h4/20&�25[�b�-5&�lCi�K y
b1IG[�bfl^i�Z3K>Z3[xK1I��3-hi�4hi7.�Z32��0%B2Xj7KN�5jMZ34hbNIab1j7jMi�[�b>I�4hi�KNj72 ; I�.�bNjfjcZ3K
= �$# �¯25jæKNI��¯-/i�j5� � [$bM2Xj¹b#jcZ3l:l34h�6&�2\[�bNI�-hKN2	I��\bM��KM�XIG4/-/jM�dIJ>:[
�¯2Q&�2�bMbMKN2æ25[÷�\�e-_�¯2\[C.�2�4/IdKMi�L3Z:jcbM25jNjM2æ�¯2�4/IE&���bM0:ie�32�l:KMi�lCi y
jM�\2��7@�i�Z:j»IE��i�[CjvZ¯bM-/4/-/jM�æZ:[32%l34_IG[C.1032�K1I��¯-/i'.�KNI�l303-/2�.�4_I�jNjc-_��Z32
jN.\I�[3[3�\2�FC�¯i�[�b�4/25jæ[3-/��25I�Z ; �¯2�.�KM-_j:&�i<,�2\[:j%2�b#4h2�L3KNZ3-Úb#jci�[�b
bNKMkXj��¯-+O^�5KM25[�b1j÷�¯2Xj�K1I��¯-/i�j�[�Z/&��5KM-_��Z325j5� w 2\bcbM2�KNI��¯-/i�I ��bM�

bNKNI�-ÚbN�\2dIE��25.QjMZ:.\.\k5j5F:-/4h4/Z:jcbMK1IG[�b�4/I�KMi�L3Z:jcbM25jNjM2x�¯2d4|� i�Z¯bM-/47l:KMi y
l^i�jM���	%z� 254h4/-hlCjc2êi�L3bM2\[eZ32�2Xj¹b�25[:jcZ:-ÚbN2�Z3bM-/4h-_jc�52�lCi�Z3K�4_I�4/i¯.\I y
4/-/jNIabN-hi�[�jcbNIGbM-_j¹bN-/��Z32��¯2Xj#lCi�-h[�bNjQ.\�\l30CIG4/i'&���bNKM-_��Z325j�IE��2X.dZ3[:2
l3KN�5.\-/jM-/i�[ê�¯29MJ&N& 25[ &�i<,�2\[3[32��
@�i�Z:jBIE��i�[:j�l3KNi�l^i�jM�gZ3[Qi�Z¯bN-h4�lCi�Z3KB4_IJlCi�Z3KNjMZ3-hbM2W�¯2W.\i�[�bMi�Z3K
jMZ3KQ�¯25j#-5&�IJ.�25j � X 2\[�bNKM2��¯2\Z ; lCi�-h[�b1j\� { 4v25jcbQL:I�jM��jcZ3K#Z3[:2
I�l3l3KNie.10:2�-ÚbN�\K1IabN-h��2�KM�6.�-/i�[:I�4h2æ�¯2%l34/Z:jJ.�i�Z3KMb�.10320&�-/[B� { 4^Id��bN�
I�l3l34/-/��Z3�»IE��25.zjcZ:.5.�kXj�3�4_I%�3��bM2X.<bN-hi�[x2�b>lCi�Z3KNjMZ3-hbM2»�¯Zd.�i�[�bMi�Z:K
2 ; i¯.\K-G�[3-h25[êlCi�Z3K%4/25jN��Z32\4/4h2Xj�4/25j%0 ,el^iGbN03k5jM25jæ�¯2xL:I�jc2xi�[�b%��bN�
���\KN-L>:�525j5��%725jæi�Z¯bN-h4_jæl3KMi�lCi�jc�Xj�l3KN�5jM2\[�bN2\[�b��¯2Xj#IE�EI�[�bNIJ.�25j��32
KNi�L3ZCj¹bN25jNjc2d� IGL:jM2\[C.�2æ�32æjM2\Z3-/4/j5Fejci�4hZ¯bN-hi�[�KN�0.�-/i�[CIG4/2 � 2�bt�¯2æKNI y
l3-_�¯-hbM���K&���bN03i¯�¯2æ-hbM�5KNIGbM-/��2 � -h4/4/Z:j¹bNKM�XjWl:I�Kz4/25jz[3i'&	L3KM25Z ; bM25jcbNj
20O^2X.<bMZ:�5j5F ,�.\i'&�l3KN-/j»jMZ3K»�325j»-+&�I'.�25j��¯i�[�bJ4/I	��Z:IG4/-ÚbN�æ2\b»4|� I�j y
l^25.�b	[32�KN�\l^i�[C�¯2\[�bxl:I�jxIGZ�.5IG03-/2\Kd�325jx.10:I�K .�25j#-/[3-hbM-_IG4|� w 25j
i�Z¯bM-/4/jJjMi�[�b»I�.<bNZ32\4/4h26&�2\[�b�-/[�bM�0.�KM�Xj�I�Z�4/i'.�-_.�-/2\4 w K1IG[ s2; l34/i	�32
4_I�jci¯.�-/��bN� �%w�{ �

TJ=@?�UC�/V w i�[�bMi�Z3Kt�¯��bN25.<bN�Q2�b�254h4/-hlCjc2

� ��%4�S� �W� �w���
Bh�0DQ,��FX%2Xjc�e-5.�[32Xj\FBH�� r i7&�I�[3-/Z ~ F r �FX%26&�i'&�2\[�b5Ff, � r 2 y
��2\[eZBFz,�� YC��Xæ25jM0:I ,�2Xj\�'& �4#�2N���9����(;5!58$ 5!�9�!:*)�,4&�:4#=,4�8*
��$'&ML=� A & �92" 3,4�
��#-�����8$C�,+�,�:4$C�0L��0,02" \5<�¯�GbM0 {¥sWsWs }:}e{¹~�{ F
l:lB� � = �ay M ��� F ~ l3KN-h4 ������� �

B � D r � Xæ2\KN-/.10:2��.-F,45!� ,4� LM�4�8$'�  \#%5 A �4�G�
�0/ *9���/�4�/���?$ 58$C�4&�R {¥sWsWs
� K1IG[:j5�ei�[ê� ~ , { F/���c� ��� V � � y ���:FC� ='= � �

B MJD9% Xd� w i�0325[BF r m#-5&N&�2\4|�"1G�
��B0,��32 $'&+$'#%��# A ���4(��/� $'���& ��&3�9�4���52 �?:<��� 576�(!2 $'&3$'#=,4�"8H,4�  �(w2<2���� ,��0 3R { Y w"9 F
� ���c� � V ���Xyc� �3F/�6=7= � �

B �'D#�g� w i¯.\��Z32\KN201�F } � �W03-/4h-/l:j5�:(�&�,4�<;�5��-:JI $'#=,�LM�85�63P � � ��, L��)�/�
5��EL<#-��&3�9,4� $C�4&�R:,*I�jMjMi�[��6=7= � �

B � DQ,��3�W-/4hZBF ~3= �^�>-Úb-10.�-/L3L^i�[BF r H�� �>-_jc0325K5�:>w�'� $ 2+5���*E5 2"�!��$ P.�?�$'���!���@)��0,458��*E57A��3,4���,- $'� � $'&MLMR {Mw�{ � �6=7= � F�l:l � ='= yµ��� M3�


