
HAL Id: inria-00071440
https://inria.hal.science/inria-00071440v1

Submitted on 23 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.

Kernel methods and scale invariance using the
triangular kernel

Hichem Sahbi, François Fleuret

To cite this version:
Hichem Sahbi, François Fleuret. Kernel methods and scale invariance using the triangular kernel.
[Research Report] RR-5143, INRIA. 2004. �inria-00071440�

https://inria.hal.science/inria-00071440v1
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
51

43
--

F
R

+
E

N
G

ap por t  
de  r ech er ch e 

THÈME 3

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Kernel methods and scale invariance using the
triangular kernel

Hichem Sahbi — François Fleuret

N° 5143

March 2004





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

Téléphone : +33 1 39 63 55 11 — Télécopie : +33 1 39 63 53 30

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

+�,.-0/�13254#67/98�,;:=<?>?@A67B�C=DE,GFH>!I.13J�@K1=LM:

N�OQP$RTS�U)VXWZY3[\SK]_^=`a[_bdc=YeOQc=R RTS$fGR�^g`hOibdYQS=j
bkR�^ml=SKnKjpoQcgYQYQqKSKnKjQ`�c=YQYi^mbrn_n\^gYi`�SAn

s?]\cgtuS�[	Wuvxwzy{Wu|
}~^m�i��c=]�[~o�S"]_SK`hOQSK]_`hOiS�Y7�����K�=U�VXv�^g]_`hOx�m�=�m��V��g���i^glgSKn

�e�#�K�$�0�Q�g�g��� S���c�`���n�bkYH[_OQbrn��i^m�7S$]�cgYe[\OQS�n\`K^m�kS�bkYp�M^g]\br^mY�`�S�cg�� gSK]\YiS$�7R S$[\OQc�oQn��in\bkYQl�^��i^m]\[\br`af
�i�k^g]z���QY�`a[\bkcgY�]_S���S$]_]_SKoT[_c ^=nz[_OQS![\]_bk^gYQlg�i�k^g]z gSK]\YiS$�G¡�N�OiS!n�[\�ioQ¢HbdY�£d�$¤¥]\SK��c=]�[_SKoen_`$^g�dS{bdYp�0^m]_br^mYi`$S
��c=]�n\�Q�Q�7cg]\[��=SK`�[\cg]�R�^g`hOQbkYQSKn!¦.§�¨{vª©�^mY�oT[\OQS�`��i]\]_S$Y3[z«�cg]_ �brn�^mYHS$¬p[\S$Y�n�bkcgY���c=]�n\�Q�Q�7cg]\[��=SK`�[\cg]
]_S$l=]\SAn\n\bkcgY¦.§p¨!}�©~^gYiox gSK]\YiS$�9�Q]_bkYi`�bk�i^m�#`�c=R �7cgYiS$Y3[{^mY�^m�k¢pn\brn�¦¯®�s�°�|!©a¡E±#bd]hnu[Aj�«�S�]_S$�pbkS$«²[\OQSAn�S
 =S$]_YQS$�¥RTS$[\OQc�oQn~^gYio�«�S"bk�k�d�in�[\]h^0[_S"^mYi^g�d¢3[\br`$^g�d�k¢�[_OQS)n_`$^m�kS�bdYp�0^m]_br^mYi`$S!cg��[_OQS�[\]h^mbkYQbkYQlT�Q]_cp`$SKn_n�SAn$¡
w?¬p�7S$]_bkR SKY3[_n~^g]\S"`�c=Yio��i`�[\SAo�bkY�n\S$�gSK]_^g�¥`$^gn\SKn	n\OQc0«	bkYQl [\OQS�n_`$^g�dS"bkYp�0^m]_bk^gYi`�S�^mYio�[_OQS�lgcpc�o���SK]�f
��c=]\R�^gYi`�S�bkY�]_SK^m�z�i^0[\[\S$]_Y³]_SK`�c=lgYQbd[\bkcgY�Q]_cg´i�dSKRTn)bdY�`��k�io�bkYQlªn\Oi^m�7Seo�SAn\`$]\bk��[\bkcgY�j��¯^=`�SeoQS�[\SA`a[_bdc=Y
^gYio�]\SA`�cgl=YQbd[\bkcgY9¡
µx¶3·E¸_¹)º �0»#�g� §3[_^m[\brnu[_bk`K^m�3�dSA^m]_YQbkYQlijM gSK]\YiS$�gRTS$[\OQc�oQnKj0n\`K^m�kS�f;bdYp�0^m]_bk^gYi`�S=j�[_]\br^mYQl=�Q�r^m]� =S$]_YQS$�GjMn�Oi^g��S
oQSKn_`�]_bd��[_bdc=Y9jp�¯^g`$S"o�S�[_SK`a[_bdc=Yx^mYio�]\SA`�c=lgYQbd[\bkcgY9¡
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��� ����� � � °�S�]h^m�Q�7cg]\[!`$cgY3[\bkS$Y3[!�QYQS q�[\��o�S�^mYi^g�d¢3[\b��3�QS)S$[!S$¬���qK]\bkRTS$Y3[_^g�dS o�S���� bdYp�0^m]_bk^gYi`�S��i^m]
qA`hOQS$�k�kS�oQS��3�QSK���3�QSAn#R q$[\OQc�o�SAn��{YQc0¢=^g��¬�S$Y ��[\bk�kbkn_^mY3[��QYTYQc0¢=^g��o�bd[�[\]_bk^gYQlg�i�k^gbd]_Sg¡���� q$[\�ioQS	R SKYQq$S
oi^mYin	£k�a¤E`�cgY�`�S$]_YQS���� bkYp�M^g]\br^mY�`�S��i^m]zqK`hOQSK�d�kS	��c=�Q]?�kSKn�R�^=`hOQbdYiSKn����=SK`a[_S$�Q]hn�o�S~n\�Q�Q�7cg]\[_n~¦G§p¨{v�©�S�[
`$S�[\]h^M�0^mbk�3SAnu[?�iYQS	S�¬p[\SKYin\bdc=Y �7cg�i]��k^�]_q$l=]\SAn\n\bdc=Ye¦.§�¨{}�©�S$[z��� ^gYi^m�k¢�n�S�S$Y�`�c=RT��c3n\^gY=[_SKn��Q]_bkYi`�bk�i^m�kSKn
¦.®�s�°�|{©�¡Q|~� o�q$��^m]\[KjpcgY�]_^g�Q��SK�7`$SKn�RTq�[_OQc�o�SKn���YQc0¢=^g��¬�S�[�cgYebk�k�d�in�[\]_S!� � bdYp�0^m]_br^mYi`$S��i^g]�qA`hOQS$�k�dS
��� � ^mbro�S{oQ�HYQc0¢=^g� [\]_bk^gYQlg�Q�r^mbk]_Sg¡"!�YQS�q$[\�ioQS�S�¬��7q$]_bdRTSKY=[h^m�kS~RTcgY3[\]_S~�kSKn�´�c=YQYQSAnz�7S$]\��cg]_R�^mYi`$SKn?o�S
l=q$YQqK]_^g�dbrn_^0[\bkcgY!S�[�� � bdYp�0^m]_br^mYi`$S��i^m]�qK`hOQSK�d�kS���c=�Q]�oQSKn�oQcgYQYQqKSKn�n�¢pY3[\OQq$[\b��3�QSKn�S�[��7cg�Q]#o�SKn��Q]_cg´Q�kP$RTSKn
�i]_^m[\b��=�iSKn�S$Y�]\SA`�c=YQYi^mbrn_n\^gYi`�S!o�SKn���c=]\RTSKn�[_S$�rn#�3�QS��k^To�SAn\`$]\bk��[\bkcgY o�SAn���cg]_R SAn$j��r^ o�q�[_SK`a[_bdc=Y S�[	�k^
]_SK`$cgYQY�^mbrn\n_^mYi`$S{o�SAn��pbkn_^ml=SKnK¡
$ º �A� ¸ �% � ��� |��Q�Q]_S$Y3[\brn_n\^glgS"nu[h^0[_bkn�[\b��3�QSgj�R q$[\OQc�o�SAn���Yic0¢=^m�Q¬Ej�bkYp�0^m]_bk^gYi`�S"�i^g]~qK`hOiS$�k�dS=jQYQc0¢=^g�
[_]\br^mYilg�Q�r^mbk]\S=j�o�SKn_`�]_bd�Q[\bkcgY o�SKn���c=]\RTSKnKjQo�q$[\SK`�[\bkcgY�S�[~]_SK`$cgYQYi^gbkn_n_^mYi`$S{o�SAn	�pbkn_^ml=SKnK¡
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6 µx¶ � 3 ¶ % � ¶ �87 º »#� 9
�Q¡d� N�]h^mbkYQbdYilT^gYio�lgS$YiS$]h^m�kb�:A^0[\bkcgY ¡"¡"¡!¡"¡�¡"¡�¡"¡"¡�¡"¡�¡"¡!¡"¡�¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡ �
�Q¡ � §��Q�Q�7cg]\[~�gSK`�[\c=]�`$�k^=n\n\b�;�`$^m[\bkcgY9jp]_S$lg]_SKn_n\bdc=Ye^mYio� =S$]_YQS$�Es�°�|�¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡ <

�Q¡ �Q¡d� §p�Q�Q�7cg]\[	�gSK`�[\c=]~`��r^gn_n�b�;�`$^m[\bkcgY�¡�¡"¡�¡"¡"¡�¡"¡�¡"¡!¡"¡�¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡ <
�Q¡ �Q¡ � §p�Q�Q�7cg]\[	�gSK`�[\c=]	]\SKlg]_SKn_n�bkcgY ¡"¡�¡"¡�¡"¡"¡�¡"¡�¡"¡!¡"¡�¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡ =
�Q¡ �Q¡ U ®�S$]_YQS$�Es�°�| ¡�¡"¡�¡"¡�¡"¡"¡!¡"¡�¡"¡�¡"¡"¡�¡"¡�¡"¡!¡"¡�¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡ >

?A@ �g� % ¶ 4 3�B �Q��4.� 3 � ¶ C
Ui¡d� N�OiS�[\]_bk^gYQlg�Q�r^m]� =S$]_YQS$��¡"¡�¡"¡�¡"¡"¡!¡"¡�¡"¡�¡"¡"¡�¡"¡�¡"¡!¡"¡�¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡ D
Ui¡ � §Q`$^m�kbkYQlTcm�#[\OQS�[_]\br^mYQl=�Q�r^m]� gS$]_YQSK��¡!¡"¡�¡"¡�¡"¡"¡�¡"¡�¡"¡!¡"¡�¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡��A�
Ui¡ U WZYp�0^m]_br^mYi`$S ¡!¡"¡�¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡�¡"¡�¡"¡"¡�¡"¡�¡"¡!¡"¡�¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡��A�

5 �(EFE %!4.�g����4 º 3 � 0+6
��¡d� §Q`$^m�kS�bdYp�0^m]_br^mYi`$S�¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡�¡"¡�¡"¡"¡�¡"¡�¡"¡!¡"¡�¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡��M�

��¡d�=¡d� N�OQS"`hOQSKn_nuf;´7c=^m]ho ¡"¡�¡"¡"¡!¡"¡�¡"¡�¡"¡"¡�¡"¡�¡"¡!¡"¡�¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡��M�
��¡d�=¡ � §pOi^m�7S"o�SKn_`�]_bk��[\bkcgY�¡"¡�¡"¡"¡!¡"¡�¡"¡�¡"¡"¡�¡"¡�¡"¡!¡"¡�¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡��M�

��¡ � G!SKYQS$]h^m�kbH:K^0[_bdc=Y ¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡�¡"¡�¡"¡"¡�¡"¡�¡"¡!¡"¡�¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡���<
��¡ �Q¡d� |~�d[\S$]_Yi^m[\bkYQl�`�bk]_`$�dSAn ¡�¡"¡"¡!¡"¡�¡"¡�¡"¡"¡�¡"¡�¡"¡!¡"¡�¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡���<
��¡ �Q¡ � I�^mY�o�«	]\bd[�[_S$Y `hOi^m]h^g`�[\SK]�]_SK`$cgl=YQb [_bdc=Y ¡"¡�¡"¡�¡"¡!¡"¡�¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡���=
��¡ �Q¡ U ±i^g`$S"o�S�[_SK`a[_bdc=Y ¡�¡"¡�¡"¡"¡!¡"¡�¡"¡�¡"¡"¡�¡"¡�¡"¡!¡"¡�¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡���>
��¡ �Q¡ � ±i^g`$S�]\SA`�cgl=YQbd[\bkcgY ¡"¡�¡"¡"¡!¡"¡�¡"¡�¡"¡"¡�¡"¡�¡"¡!¡"¡�¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡���D

9KJL4¯�A��#�K��4 º 3 6 M
�Q¡d� §�cm�Â[~R�^m]_lgbkY�¡"¡�¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡�¡"¡�¡"¡"¡�¡"¡�¡"¡!¡"¡�¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡ �g�
�Q¡ � WuoQSK^m�¥bkYp�0^m]_bk^gY=[�[_]_^gbdYQbkYQl�n\S�["¡�¡"¡"¡!¡"¡�¡"¡�¡"¡"¡�¡"¡�¡"¡!¡"¡�¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡ �g�
�Q¡ U N�OiS�`�cgY�o�b [_bdc=Y�Yp�QR�´�SK] ¡�¡"¡�¡"¡"¡!¡"¡�¡"¡�¡"¡"¡�¡"¡�¡"¡!¡"¡�¡"¡"¡�¡"¡�¡"¡�¡"¡"¡!¡"¡ �=�
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	 �i]�o�S;�YQb [_bdc=Y cm��bdYp�0^m]_br^mYi`$S!RTSA^mYin�[_Oi^0[!^m�Q�Q�k¢pbdYilH^ [\]h^mYin���cg]_R�^0[\bkcgY�cgY [_]_^gbdYQbkYQl�^mY�o�[\SKn�[~S�¬pf
^gRT�Q�dSAn�«	bk�k���kSK^M�=S"[\OQS�]\SAn��7cgY�n�S�cg��^T[_]_^gbdYQSAo ���QYi`�[\bkcgY�cgYx[_OQSKn\S)S$¬�^gRT�Q�dSAn��iYi`hOi^mYilgSK^g´Q�kSg¡�N�OQS
brn_n��QS�cm�~bkYp�M^g]\br^mY�`�S�bkY R�^g`hOQbkYQSH�kSK^g]\YibdYQlªOi^gn�´�SKS$Y³[h^g`h p�kSKo³´p¢³n�SK�gSK]_^g�z^m��[_OQcg]hn�bkY³[_OQS� =S$]_YQS$�
R�^=`hOQbdYiS�`�c=R R��QYQbd[u¢ ��cg]z�kc�`$^g��bkYp�M^g]\br^mY�`�S"£ �M¤¥^mYio�RTc=]\S~l=S$YQSK]_^g�Q�kbdYQSA^m]�^mYio�YicgY�f;�dbkYQSA^m]?[_]_^gYin���cg]\f
R�^m[\bkcgYin�£ U�jQ�g¤G¡

WZYxR�^mYp¢��i^0[\[\S$]_Yx]_SK`�c=lgYQbd[\bkcgY��Q]_cg´Q�kS$R�nKjibkYp�M^g]\br^mY�`�S![\c�[_]_^gYin���cg]_RT^m[\bkcgYin�brn�^=`hOQbdSK�gSAo�´p¢�S$Y�f
�r^m]_lgbkYQl"[_OQS"n�bH:$S!cm��[\OQS![\]h^mbkYQbkYQlTn�S$[�^gYioH´p¢H^goio�bdYil�bkYin�[_^mY�`�SKn�cg�9[\]h^mbkYQbkYQl�S$¬Q^mRT�Q�kSKn�bdY o�b�
7SK]\SKY=[
�pbkS$«	bkYQl `�cgY�o�b [_bdc=Yin £ �0¤G¡�£ �g¤?bdY3[_]\c�o��i`$SKo�[\OQSTRTS�[_OQc�oªcg��¨!§�¨ ¦��pbd]\[\��^m��n��i�Q��c=]�["�=SK`a[_cg]hn_©~«	OQbr`hO
`$cgYin\bro�S$]hn{[\Oi^m[)^e[_]_^gYin���cg]_RT^m[\bkcgY ^m�Q�Q�kbkSKo�[\c�oQ^m[_^��¯^m]���]_cgR [\OQS�R�^m]_lgbkY «	bd�k�?�kSK^M�gS�[\OiS$R YicgY�f
n\�Q�Q�7cg]\[��gSK`�[\c=]_nKj7n\c�b [�bkn!bkY3[\S$]_SKn�[\bkYQl�[\c ^m�Q�i�d¢x^e[\]h^mYin���cg]_R�^0[\bkcgYªcgYQ�k¢ cgY�[_OQS�n��i�Q��c=]�[��gSA`a[_cg]hn
bkYªc=]_oQS$]{[\c�´Q�Qbk�ko ^�n\S�[�cm��¨!§p¨�¡
I~SKYi`�S=j9^goQo�bkYQl�[\OQbrn"n\S�[![\c�[\OQSTcg]_bklgbkYi^m�#n��Q�i��c=]�[��gSA`a[\c=]_n!^mY�o
[_]_^gbdYibdYQlT^ YQS$«²`��r^gn_n�b�;iSK]�c=Ye[_OQbkn~YQS$« S$YQ�r^m]_lgSAoHn�S$[KjQR�^g gSKn�bd[	��c3n\n\bd´i�dS![\c�^=`hOQbdSK�gS�[\OQS"S$¬p�7SK`�[\SAo
bkYp�0^m]_bk^gYi`�S=¡ N�OQbrn��Q]_c�`�SKn_n cm�!bdYi`$]\SA^gn\bdYilª[_OQSxn�bH:$S cm�![\OiS�[_]_^gbdYibdYQl�Q]_cg´i�dSKR&R�^m gSAn�[\OQS G!]h^mR
R�^m[\]_b ¬el=]\c0«	bkYQl �=��^go�]h^0[_bk`K^m�k�d¢�«	bd[\O ]_SKn\��SA`a[�[\cT[_OQS�n�bH:$S�cg��[\OiS�[\]h^mbkYQbdYilTn\S�[Ajin\cTn\cg�k�pbdYil)[_OQS"�QY�f
oQS$]_�d¢pbkYQl �3�i^=o�]h^0[\br`!�Q]_cglg]h^mRTRTbkYQl)�Q]_cg´i�dSKR R�^M¢H´�S"bkY3[\]h^g`�[_^m´i�dS=¡

WZYx[_OQSTn\^gR S�`�cgY3[_S�¬p[�cm�zn\�Q�Q�7cg]\[{�=SK`�[\cg]!`��r^gn_n�b�;�`K^0[\bkcgY³¦G§p¨{vª©�j�£ <ij =K¤�bkY=[_]\c�o���`�SKoª^�RTS�[\Oicpo
[_cTS$Y���c=]_`$S�[_OQS![\]h^mbkYQSKo�R�^g`hOQbkYQS{[\cT´�S"bkYp�0^m]_bk^gY=[�[\c [\OiS�[_^m]_lgS$[\SAo�[\]h^mY�nu��c=]\R�^0[_bdc=YH´p¢e^goio�bdYil ^gY
c=]�[_OQcgl=cgYi^g�dbd[u¢�[_S$]_R�bdY³[_OQS�cg´�tuSA`a[\bk�gSH���QYi`a[_bdc=Y cg�	[\OQS n��i�Q��c=]�[ �gSA`a[\c=])R�^g`hOibdYQS�RTbdYQbkRTb�:A^0[_bdc=Y
�i]\c=´Q�dSKR ¡�N�OQSe�k^m[\S$]�;iYioQn�[\OQSeYQcg]_R�^m�?cg��[_OQS�n\S$��^m]h^0[\bkYQl Op¢p��SK]�f;�Q�r^mY«	OQbr`hO³bkn)cg]\[\OQc=lgcgY�^m�?^gn
R��i`hO^gn��7c=n_n�bk´Q�kS�[_c [\OQSHoQbd]_SK`�[\bkcgY cm��[\OQST[_]_^gYinu��c=]\R�^m[\bkcgYªbkYcg]ho�S$]![_cxlg�i^g]_^gY=[_S$S ^ YQS$l=�dbklgbk´Q�kS
`hO�^mYQl=S{bkY�[\OQS"�0^m�k�QS�cm�#[\OiS�`��r^gn_n�b�;�`$^m[\bkcgYe���QYi`a[_bdc=Y9¡

®�SK]\YQSK�kn{^m]_S�S�¬Q`$S$�k�dSKY=[hn	[_c3c=�kn~��cg]{bdYi`$cg]_��c=]_^m[\bkYQl�bkY3�0^g]\br^mYi`$S�£ <m¤G¡!N�OQS�«�S$�k�#n�[\��o�bdSAo G�^m��n\n\bk^gY
 =S$]_YQS$�	^=`hOQbdSK�gSAn�[_]_^gYin��r^0[_bdc=Y9j?]_cm[h^0[\bkcgY bdYp�0^m]_br^mYi`$S�^gYio�bd[HbknT�i]\c0�=SKo[_c �7S$]\��cg]_R «�S$�k�	bdY �Q]h^g`af
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OiS$]_S ��� * � .� �7616-61� � * � .l �"^mY�oW� � * � .� �7616-61� � * � .l �"o�SKYQcm[_S�[_OQS�S$bklgS$Yp�=SK`a[_cg]hn?cg��]\SAn��7SK`�[\bk�gSK�d¢ [\OiS!c=]\bklgbkYi^g�
^gYio [_OQS�n\`K^m�kSKo [_]_^gbdYQbkYQl�n�S$[_nK¡ � S «	bd�k�?n�Oic0« [_OQST�0^m�kbko�bd[u¢ cm�{¦��8<3©~c=YQ�d¢ bkY�[_OQS `K^gn\S)cg��n��i�Q��c=]�[
�=SK`�[\cg]	`$�k^=n\n\b ;7`$^0[_bdc=Y�^gYio�[\OQS��Q]_cpcm�#`K^mY ´7S�o�S$]_bd�=SKoebdYx^Tn�bkRTbd�r^m]	«�^M¢T��cg]	]_S$l=]\SAn\n\bkcgY9¡

@ � E E º �M� B ¶ �g� º �e�%.�Q�K��4-,��g�Q�84 º 3 � �9S$[ � � j�� � ^gYio 5 � ´7S�[_OQS��i^m]h^mRTS$[\S$]hn?cg�9[\OiS�`$�k^=n\n\b�;�`$^mf[_bdc=Ye���iYi`a[_bdc=Y�SAnu[_bdR�^m[\SKo�c=Y !� jQ«�S�Oi^M�gS��
V � &�(�2n" �

, �
� , / *1,-. ��� & � (+*-,1. � (y2 �L5 � ¦��8>=©

N�OiS � � , `$cgRTS!��]\c=R�[\OQS"RTbkYQbkR bH:K^m[\bkcgY �Q]_cg´Q�kS$R ]\SK�k^m[\SKoe[\c !� �
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W;[	��c=�d�kc0«~n7�
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¦G�m�=©

[_OQbrn	�dSA^goQn�[_cP� M�4�� � � , " �
� � �

�, ^mY�oH[_cT[\OQS!��cg�k�kc0«	bdYQlTS �=��^m�kb [u¢=j�M ( �
� O � �

O / * O . � � & � ( ��� ( * O . 2 " � O �
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N�Op�inKj�«�S�`K^mY�SK^=n�bk�d¢�n�OQc0« [\Oi^m[�5 ��" 5 � jin\cT«�S�cg´Q[_^mbkY cg�Q]�R�^mbkY ]\SAn��i� [ �
V � & � (y2 " �

, �
� , / *-,1. ��� & � (O*-,1. � � (�2 �F5 �

" �
, �

�, / *-,1. � � &�(O*-,1. � (y2 �F5 �
" V � &)(y2�� ¦G�g�g©

µx¶ � 3 ¶ % � O �ª� N�OQSe�i]\cpcm��brn�n�[\]h^mbklgO3[���c=]\«�^m]ho¥j�^gYio³`�c=RTSKn���]_cgR�[\OQSe�¯^g`�[�[\Oi^m[)[_OQSLG!]h^mR
R�^m[\]_b ¬ � � cm�#[\OQS�n_`$^g�dSAo�n\S�[~`$^gY ´�S"«	]_b [\[\SKY�^=n7�

� � " � � � � ¦G�mU=©
!{n�bkYQlx¦u�K�3©�bd[	��cg�k�dc0«~n�[_Oi^0[ �

� � � � " � � & � � �
� 2�  � � � " � �  � �

� ¦G�0�3©

«	Oibk`hO�bdRT�Q�kbkSKn��  ��" � �  �	� u�
 � ��" �
� jQn\c���]_cgR�¦u�KU3© M � " � ��6-616-�b8W� � * � .K " � * � .K � ¡
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�M� � �8��������� ���#+� ��

� � 	�	 ������������)���

�I?0A ���yDGQ3L�F0HN�'D�CPF0DGH �yL
WZY [\OQbrnTn�SA`a[_bdc=Y9j?«�S�«	bk�d�	n\OQc0« [\OiS�n_`$^g�dS�bdYp�0^m]_bk^gYi`�S��Q]_cg�7S$]\[u¢���c=] ®�s�°�| ^gYio §p¨!v c=Y ´7cm[_O
n\¢pY3[\OQS$[\br`!^gYio�]\SA^m�E�i^m[�[\SK]\Y ]_SK`$cglgYib [_bdc=Ye�Q]_cg´Q�kS$R�nK¡

5 *!0 *!0 � 7 ¶ ��7 ¶ �K� ¸ � º ���0»
N�c bd�k�k�inu[_]_^m[\S [\OiSen\`K^m�kSTbdYp�0^m]_bk^gYi`�S cm�~§p¨!v�n�^mY�o�[_OQS$bk]�lgSKYQS$]h^m�kbH:K^0[_bdc=Yª�7S$]\��cg]_R�^mYi`$S��in\bkYQl [\OQS
[_]\br^mYilg�Q�r^m]� gSK]\YiS$�Gjg«�S�O�^M�gS~n\S�[?�Q��^"n\bdRT�Q�kS�`��r^gn_n\b ;�`K^0[_bdc=Y�[_^=n� �bdYT[u«�c"o�bkR SKYin\bdc=Yin$¡�N�OQS~c=]\bklgbkYi^g�
[_]_^gbdYibdYQlª��c=�Q�Q�r^0[\bkcgY bkn�^ªn\S�[�cg��� � D ��c=bdY3[_nKj��QYQbd��cg]_RT�d¢³o�brn�[\]_bd´Q�Q[\SKo�bdY³[_OQS��QYQbd[ n �=��^m]_Sg¡ªN�OQS
`$�k^=n\n�cm�9SA^g`hOHcg�9[\Oic=n\S{n_^mRT�Q�kSKn�bkn�^)oQS�[\SK]\RTbkYQbrnu[_bk`����QYi`�[\bkcgYecg�9[\OiS$bk]��kc�`$^m[\bkcgYHbkYH[_OQS!n �3�i^m]_Sgj3bG¡ S=¡dj
�^_�X�� gP�7�	� � ��Z �Y��� ����� �!n\�i`hO�[\Oi^m[I " _ & � 2 ¡�¦.n�SKS ;ilg�i]\S���j��i�Q��SK]~]_c0«"¡ ©
±i]\c=R�[\OQbrn~n_^mRT�Q�kSgj�«�S�Oi^M�gS!�Q]_cpoQ�i`�SAoH[u«�cTcm[\OiS$]hn$jpcgYiS�n_`$^g�dSAo�oQc0«	Y�´p¢e^��¯^g`�[\c=]�cg� � gQj�^mY�o

[_OQSHcg[\OQSK])n\`K^m�kSKo �Q�³´p¢�[\OQSen_^mRTST�¯^=`a[\c=]K¡ � SHOi^M�gS�´i�Qbd�d[�[_OQ]\SKS�§p¨!v�n�´i^=n�SAo cgY�^ G�^m��n\n\bk^gY
 =S$]_YQS$��«	b [_O 
 " gP6 D cgYT[\Oic=n\S~[\Oi]\SKS{n_^mRT�Q�kSKnKj3^gYioT[\Oi]\SKS!§p¨!v�nz´�^gn\SKoTcgYH[\OQS{[\]_bk^gYQlg�i�k^g]? gSK]\YQSK�.¡
}~SKn\�Q� [hn"^m]_S�n�OQc0«	Y bkY ;�lg�Q]_SH��¡H|�n�S�¬���SA`a[_SKo�[\OQS(G�^g�in_n�br^mY� gS$]_YQSK��S$bd[\OQSK])n�RTcpcm[_Oin![\cpc R)��`hO
¦¯RTbkoQoQ�dS!]\c0«"j3�kS��Â[h©�j�bkn�^g`K`��Q]h^0[_S)¦�RTbroQo��kS{]_c0«"jp`�S$Y3[_S$]a©�cg]�c0�gSK] ;i[_n�¦¯RTbkoQoQ�dS!]\c0«"j=]\bklgO3[a©ajp«	OQbk�dS{[\OQS
[_]\br^mYilg�Q�r^m]� gSK]\YiS$�E´�SKOi^M�gSAn	n�bkRTbd�r^m]_�k¢H^0[�^m�k�9n_`$^m�kSKnK¡

5 *!0 * 6 @ 7#�+E ¶ » ¶ �K�g��4�E#�84 º 3
	 YiS�bkY3[\S$]_SKn�[\bkYQl�^m�Q�i�dbr`$^m[\bkcgY)bkY bdR�^ml=Sz]_S�[_]\bkS$�0^m�pbrn�n�Oi^g��S	o�SAn\`$]\bk��[_bdc=Y9¡"!{n��i^g�d�k¢"cg´QtuSK`a[hn#bdY bdR�^glgSKn
`K^mYT´7S~]\SK�Q]_SKn\S$Y3[\SAo)´p¢�[_OQS$bk]z`$cgY3[\c=�Q]_n�^gYioT`$^gY ´7S~�in\SKo���c=]?]\S$[\]_bdSK�0^m�G¡�y{b�
ES$]_S$Y3[�n\bdl=Yi^0[_�Q]_SKn�S�¬�brnu[
bkY [\OQS	�kbd[\S$]h^0[_�Q]_S���cg]?n\Oi^m�7S	]\S$[\]_bdSK�0^m�Q^mRTc=YQl�[_OQS$R [\OiS	«�SK�d�in�[\��o�bdSAo SKo�l=S	cg]_bdSKY=[h^0[_bdc=Y)OQbrnu[_cgl=]_^gR�j
}�^go�c=YH[\]h^mY�nu��c=]\R jpbdYp�0^m]_br^mY3[�RTc=R SKY3[_nKj3S$[_`g¡	£ Ui�a¤G¡?±icg]�[\Oibkn	^g�Q�Q�kbk`K^0[\bkcgY�jp[\OQS��in\S{cg�� =S$]_YQS$�Es�°�|
c=YT[\OQS ( ^mY�o / `$cpcg]ho�bdY�^0[\SAn�cm�9�7cgbkY3[_n?´7S$�kcgYilgbkYQl�[\c ^�`��Q]_�gS	R�^g gSKn?b [���c3n\n\bd´i�dS	[_c�Oi^M�=S~^mYH^ ��YQS
bkYp�0^m]_bk^gY=[�oQSKn_`�]_bd��[_bdc=Yxcm�?bd[_n!n�O�^m�7Sg¡���S�[ ! ´�S ^T[\]h^mbkYQbkYQlen\S�[�`�cgY3[h^mbkYQbdYilen\^gRT�Q�dSAn~cg�?�gy �7cgbkY3[_n
��]_cgR ^x`��Q]_�gS=j���n�bkYQl�®�s�°�| [_]_^gYin���cg]_R ^mYio³^=`$`$cg]ho�bdYil�[_cxS��3�i^m[\bkcgY ¦.�m�3©�^mYp¢ `�cgR�´QbkYi^0[_bdc=Y cg�
[_]_^gYin\�k^m[\bkcgY³^mYio]_cm[h^0[_bdc=Y «	bk�k�z�kSK^M�gST[_OQSeSKbdl=S$Yp�0^m�k�QSKn�cm��[\OQS�®�s�°�| [_]_^gYinu��c=]\R��QYi`hOi^gYQlgSA^m´Q�kSg¡
	 Yi�d¢�n\`K^m�kbdYQl [_OQS)oQ^m[_^T«	bd[\O�^��¯^g`�[\cg] ��n\`K^m�kSKn�[_OQS�S$bklgSKYp�M^g�d�iSKn�´p¢ � � ¡�N�Op�inKj�[\OQSAn�S"SKbdl=S$Yp�0^m�k�QSKn
`K^mY�´7S{Yicg]_RT^g�dbH:$SAoT«	b [_Oe]_SKn\��SA`a[?[_c�[_OQS$bk]��r^m]_lgSAnu[��M^g�d�iS{n\c"[\OQSK¢H`$^gYH^m�rn�c�´7S�n\`K^m�kS~bdYp�0^m]_br^mY3[�^mY�o
`K^mYT´7S	�in�SAoT^gn?^gY S �H`�bkS$Y3[zo�SKn_`�]_bk��[\bkcgYTcm�¥^"`��i]\�=Sg¡ ��cm[_bk`$S�[\Oi^m[?[\OQS	�r^m]_lgSAnu[�SKbdl=S$Yp�0^m�k�QSKn��Q]_c0�pbkoQS
��n?«	bd[\O�[_OQS~lg�kcg´�^m�in\Oi^m�7S)¦¯OQS$bklgO3[Kj3S$�kcgYil=^0[_bdc=Y9jgS$[_`A©�cm�¥[_OQS�`��i]\�=S	«	OQbd�kS~[_OQS�n\R�^m�k�dSAnu[zSKbdl=S$Yp�0^m�k�QSKn
�i]\c0�pbro�S{��n	«	b [_Oxo�S�[h^mbk�kn"¦¯YQcgbrn�S=j �i�i`�[\�i^m[\bkcgYinKjQS�[h`m¡ ©
N�OQSAn�S!S$bklgSKYp�M^g�d�iSKn?O�^M�gS�´7S$SKY�n\�i`$`$SKn_nu���i�d�k¢T�in�SAo�[_c o�SAn\`$]\bk´7S{`��i]\�=SKn�cm��o�b�
ES$]_S$Y3[ ;7n�Oen\Oi^g��SAn$¡

WZY�o�S$SAo¥j¥«�S�]_^gY�cg�i]�®�s�°�| c=Y�[\OiST§�
 !�Wuy�)oQ^m[_^m´�^gn\Se£ U=�A¤~¦¯n\S$S=¡ ;ilg�i]\S U=©{`�cgY�n�brnu[_bdYilecm�q� ��g�g
`$�Q]_�gSKn�«	OQSK]\S�[\OQS�Yp�QR)´7S$]�cg���7cgbkY=[hn#]_^gYQlgSAn¥��]_cgR���g�g	[_c���� g�gQ¡¥wz^=`hO `$�Q]\�=Szbrn#]_^gYio�cgRT�k¢"n\^gR �i�dSAo
bkYHc=]_o�SK]?[_c�S�¬p[\]h^g`�[I� D�� D�� [\]h^mbkYQbdYil���c=bdY3[hnz«	OQbr`hOH^m]_S~�in\SKo�[\c�n\¢pY3[\OQSAn�bH:$S���cm[_OQS$]hnz`$�Q]\�=SKn�«	bd[\O
]h^mY�o�cgR�cg]_bdSKY=[h^0[_bdc=Yin�¦�bkY�� g�� ����� g�����©�j�n\`K^m�kST�¯^g`a[_cg]hnH¦�bkY�� gE� D �Â©�^mYio�kc�`$^0[_bdc=YinH¦¯bdY . D g �Qb ¬�SK�knh©a¡
N�Op�inKj�^�[_cm[_^g�	cm�����g�g�`$�Q]_�gSKnT^g]\S��in\SKo ��cg]T]_S�[\]_bkS$�0^m�~^gYio SA^g`hO cgYQS brnT�in�SAo [\cS$�0^m�k�i^m[\S�[\OQS
�! " " $# Ä�Ä # Å.ÌMÇ.Ç¯Ä!% # ÆhÈ # Ì�&('hÃ9ÄuÅGÄ�ÆhÇ.ÈGÉ�'*)$+(+-,.'�/10~Æ32aÄ54(6�'_Å87KÌ(/14 # É:980
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	������������������������������� �������!�"�����$#%�����'&(��� �)�*���!���%&"#+���"�-,.��������� �AU

� gE�7� g�� � � � � gE�7� g�� � � � gE����g � � �

G�^m�in_n\bk^gYe gSK]\YiS$�

N�]_bk^gYQlg�i�k^g]� =S$]_YQS$�

±#bklg�Q]_S�� ��� ����	I���H� ����������� � ���"� �!�"� � ��� , ��� D�� ������� # � � ���� ��� � � � � ����� ���*� �����P���'& ���� �����������
� �(���%� � ���"�  �� ��P� �� �� ����� ��������� &"#+� ���$�"� �
	8����	���� �.������� �"���'&L� � �����$���"	�� �� �� ����� ��"� ��������� �
��� ��# ��� ��	��"� �!�"� �������$	 �!�.�%��� � � � � ����� � ������� ���#+� �!�)� �)��� �$����������� � ���"� �!�"� � ����� � 	 �"#%�����!�"� , �������
� 
 " gP6 D �� �"��� ��� �)����� ���� � � � ����� � � ����#+� � � � ����� ��� �)�*���!���%&"#+���"� , ������� �
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±#bdl=�Q]_S�UP������	�� � � � �����P� �"#+��� � ����� ��	 �������������� ��� ��� �"	 ����� � ��� � ! � ��� ������ �
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	������������������������������� �������!�"�����$#%�����'&(��� �)�*���!���%&"#+���"�-,.��������� �M�

SKbdl=S$Yp�0^m�k�QSKnecm�"[_OQSª�QY�o�S$]_�d¢pbkYQl G!]h^mR(R�^0[_]\bd¬¥¡ | `��Q]_�gS�brn�`hOi^m]h^g`�[\S$]_bH:$SKo ´p¢ b [hn � g³OQbklgOQSAnu[
SKbdl=S$Yp�0^m�k�QSKnKj?n\cª[_OQS ]\SKRT^gbdYibdYQl�S$bklgSKY3�0^g�d�QSAn�^g]\S n\ 3bk�Q�7SKo bdY cg]ho�S$]�[\c^M�gc=bko³[\OQS YQc=bkn\S�S 
7SA`a[hn$¡
N�OiSKn\S���gTSKbdl=S$Yp�0^m�k�QSKn~oQS;iYQS)cg�Q]!o�SKn_`�]_bd�Q[\bkcgYxn���^g`�S�^mYio�[_OQS � � o�bkn�[_^gYi`�S)bkn��in�SAo���cg]{]\S$[\]_bdSK�M^g�.¡
� S	`$^gY n\S$S�bkY$;�lg�Q]_S!¦¯�3©�[_OQS�]\S$[\]_bdSK�M^g�p�Q]\c�`$SKn_n�^mYio)[\OQS�]_cg´Q��nu[_YQSKn_n#cm�7[\OQS	o�SAn\`$]\bk��[\bkcgY�[\c"n_`$^g�dbkYQlij
]_cm[h^0[_bdc=Y!^gYio�]\cg[_^m[\bkcgY!S 
ESK`a[hn$¡�WZYio�SKSKo!��cg]�SK^g`hO�n\�Q´QRTb [\[\SAo�n�O�^m�7SgjA«�S ;iY�o ;i]_n�[¥[\OiS$�	RTc=n�[�n�bkRTbd�r^m]
n\Oi^g��SAn�«	OQbk`hO o�b�
7SK]~cgYi�d¢H´p¢e^ ��YQS�[\]h^mYin���cg]_R�^0[_bdc=Yin$j=[\OiS$Y «�S ;�Yio�[\OQS"cg[\OQSK]�n\bkR bk�r^m]~`��i�gSKnK¡

g gE6 g g�� gE6 g g�� gE6 g�� gE6 gE��� gE6 g ��� gE6 g ��� gE6 g � gP6 g �

g gE6 g g�� gE6 g g�� gE6 g g�� gE6 gE� D gE6 g�� � gE6 g���� gE6 g���� gP6 g�� �

g gE6 g g�� gE6 g g�� gE6 g g�� gE6 g g � gE61� gP6-� g�� gP6-� g�� gE61��g��

g gE6 g g�� gE6 gE� gE6 gE� � gE6 gE�-� gE6 D D gP6 D �E� gP6 D � D gE6 D ���
g gE6 gE��� gE6 gE��� gE6 gE��� gE6 gE� � gE61� � gE61� D � gE61� D � gP6-� D �

±#bklg�Q]_S��P���F� ��� ��	���&'���$�"� ���# ������� �������� �F�%����� ����� �����������$��� � ����	��$� ���#+� �!� ������� � � ��� �"	 ��� ��� � �
��� &��%� �.������� �����'& � ��������������� ������	$���H������� ���

N�OQS�n�[_^m[\S$RTSKY=[��Q]_c0�pbko�SAoxbkYª[_OQSTbdY3[\]_c�o��i`�[\bkcgY�^g´�c=��[![\OQST�in\S�cg��^�YQcg]_R�^m�kb�:A^0[\bkcgY��¯^g`a[_cg]�bkY
c=]_oQS$]T[\c ^g`hOQbkS$�=S�n\`K^m�kSxbdYp�0^m]_bk^gYi`�Sxbrn�YQcg[�n\�Qb [h^m´Q�kS�bkY [\OQbrn�^m�Q�Q�kbr`$^0[_bdc=Y ^gnHo�c=YQS�bkY�£ Um¤G¡�N�OQS
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^g�Q�Q]_c=^=`hO�bkY�£ U0¤�R�^g gSKn�®�s�°�| n_`$^g�dS	bkYp�0^m]_bk^gY=[�«	OQS$Y��in\bkYQl)cg[\OQSK]z gSK]\YiS$�rn?n���`hOH^gn�[_OQS G�^g�in_n�br^mY9j
Oic0«�SK�gS$]�SA^g`hOH`$�Q]\�=S~]_S��3�Qbk]\SAn?^mYe^g�Q�Q]_cg�Q]_br^0[\S	n\S$�kSK`�[\bkcgYHcg�7[_OQS�´7SKn�[��M^g]\br^mY�`�S	�i^g]_^gR S$[\SK] 
 �in\bdYQl
`$]\c3n\n��0^g�dbroQ^0[_bdc=Y9¡�N�OQbknz�dSA^goQnzbdY3[_c)o�b�
7SK]\SKY=[ 
 ^gYio ��SK^m[\�Q]_S�n\�i^g`$SKn���c=]zo�b�
7SK]\SKY3[�`��Q]_�gSAn$j3n�c"bd[�R�^M¢
´7S"RTSK^gYQbdYilg�kSKn_nz[_cH`�c=R ��^m]_S�[_OQS"�QYio�SK]\�k¢pbdYil SKbdl=S$Yp�0^m�k�QSKnK¡

�I?�> �nL+HILOCEDGQ0F0RSD TEF0UMH
WZY�[\Oibkn�n\SK`�[\bkcgY9jm«�S�n�OQc0«�[\OQS�lgSKYQS$]h^m�kbH:K^0[_bdc=Y��7S$]\��cg]_RT^gYi`�S�cm�E®�s�°�| ^mYio §p¨{v c=Y�n\¢3Y3[_OQS�[_bk`�^mY�o
�i]_^=`a[\br`$^g���i]\c=´Q�dSKR�n�bkYi`$�d�ioQbdYQl��¯^g`$S!oQS�[\SA`a[_bdc=Y9j�]\SA`�c=lgYQbd[\bkcgYe^gYioHO�^mYio�«	]_bd[�[\SKY�`hOi^g]_^=`a[_S$]�]\SA`�cgl=YQbdf
[_bdc=Y9¡�N�OQS~[_]\br^mYQl=�Q�r^m]� gSK]\YiS$�Qbrnz`$cgRT�i^m]_SKo «	bd[\O�]_SKn\��SA`a[?[_c�cm[_OQS$]hn?n\�i`hOH^gn�[\OQS G�^m�in_n�br^mY�^gYio [\OQS
�kbkYQSK^g]	 gS$]_YQSK�knK¡

5 * 6+*!0 ��%�� ¶ � 3 ����4 3 � �.4��0� % ¶ �
��S�[ � n > , " & ] , ��� , 2 oQS$YQcg[\SKn"^ `$bd]h`��kS `$S$Y3[\SK]\SAoªc=Y�] , j9«	bd[\O³^�]h^go�bk�in�� , ¡�WZYª[_OQSKn\STS�¬��7S$]_bdRTS$Y3[hn$j«�S lgSKYQS$]h^0[_S�^n\S�[�cm�!��c3n�bd[\bk�gSx^mY�o YiS$l=^m[\bk�gSx�my �7cgbkY3[_nT´p¢�]_SKn\��SA`a[\bk�gSK�d¢ n\^gR �i�dbkYQlf8X`$bd]h`��kSKn
cg��]h^go�bk�in�� � �7��g�� � �7616-61�7� g , � � �7616-61�7� g l � � � � ^mY�o{8 `$bd]h`��kSKn cg��]_^=o�bk�in�[u«	br`�S�[\OiS�]h^goQbd�in�cm�{[\OQS
�i]\SK�3bkcg��n�c=YQSKn!bG¡ S=¡dj D � � � D ��� g�� � ��6-616-� D ��� g , � � �761616-� D ��� g l � � � � «	OQSK]\Sj8 " � bdY �Q]h^g`�[\br`�Sg¡
|{n�^g�d]_SK^=o�¢eS$¬p�i]\SAn\n\SKo¥jQ[\OQS�]_^=o�bd��n�SAn	cm�?`�bk]h`��kSKn~´7S$�kcgYilgbkYQlT[\c�[_OQS�n_^mRTS�`$�k^=n\n{^m]_S"R)�Q�d[\bk�Q�kS)cm�@� g
¦.`a�u¡ ;il=�Q]_S��g©	^gYiox^m�k�9[_OQS�`$bd]h`��kSKn�^m]_S)`�SKY=[_S$]_SKo�cgY [_OQS�n_^mRTS��7cgbkY3[K¡~N�]_^gbdYibdYQlH^gYio�[\SAnu[�n�S$[_n{^m]_S
]h^mY�o�cgRT�k¢�lgS$YiS$]h^0[\SAoH��]_cgR [\OQSAn�S"`�bk]h`��kSKnKj�SK^g`hO�cm��[\OQS�[u«�c�n�S$[_n	`$cgY3[_^gbdYin D g g�S�¬Q^mRT�Q�kSKnK¡
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±#bklg�Q]_S�� � � �F� ��� �� �������*�����L����� ��� &'���*����� �	�%��	I���H��� �*� � � � � � ����� � � � ���  -�� ��� � � �"�������  ����	I�������
� ����� ��	 ��� ��� �"	 ��� �$����� ��������> � �7616-61�6>�
 � ��� ���+� �`���!��*#+� �#� �����$� �.�"��#%������� ����� � ���"	N������� ����� �������$�"� �
���"�����!�.��� ������� ��� � ��� & �"�������+	$�!�)��������� � ��-� &��%� �� ��������� � ���"� �!�"� ���� ��� #%�����%&������ �*���!���'&.#+���"� �"��� �����
	 �"#%� ���!�"�L,.��������� � � ���+� ������ �"� � � � � � ���"#+����#� ����� �w� ����.��� � ��� ��	 ��� � �������!�������)��� �����$� �����)� � �����
�*���!���%&"#+�H���-, ������� �

WZYHc=]_oQS$]?[_c�n\OQc0« [\OQS{��SK]���c=]\R�^gYi`�S~cg��n��i�Q��c=]�[��gSA`a[\c=]z`��r^gn_n\b ;�`K^0[_bdc=Y�cgY�[_OQbkn��i^g]�[_bk`$�Q�k^g]�[_^=n� Ej
«�S![\]h^mbkYQSKo�n\S$�gSK]_^g�9§p¨{v�n~�in�bkYQlT[_OQS�[\]_bk^gYQlg�i�k^g]�^gYioe[\OQS�G�^g�in\n\br^mY� gS$]_YQSK�kn�«	bd[\O �0^m]_bdc=�in��0^m�k�QSKn
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cg� 
 ¡�s�S$]\��cg]_R�^mYi`$SKn�^m]_S�oQS$�Qbr`a[_SKo bdY ;il=�Q]_S	�!^=`$`�c=]_oQbdYQl�[\c�[_OQS��M^g]\br^mY�`�S�cm��[\OQS G�^g�in\n\br^mY�¦.n�Oic0«	Y
bkYª^��kcgl3^m]_b [_OQRTbk`"n_`$^g�dSM©a¡~N�OQbrn�oQbk^glg]h^mR n\OQc0«~n{`��kSK^m]_�k¢H[\OiS)cg�Q[�f;��SK]���c=]\R�^mY�`�SKn�cg��[\OQS)[\]_bk^gYQlg�i�k^g]
 =S$]_YQS$�E«	bd[\O ]_SKn\��SA`a[	[\c [_OQS�G�^m�in_n\bk^gY9¡

5 * 6+* 6 � � 3 » ¹ ��4��$� ¶ 3 ��7#���0�Q�g� ¶ � � ¶ � º � 3 4¯�84 º 3
N�Oibkn S$¬p�7S$]_bkR SKY3[�brnx^ `$�k^=n\n\br`$^m���Q]_cg´i�dSKR cm��O�^mYio�«	]_bd[�[\SKY²oQbdl=b [ ]\SA`�c=lgYQbd[\bkcgY cgY [_OQS³v�~W�§QN
oi^0[_^g´i^gn\ST£ U=UM¤;¡�N�Oibkn{oQ^0[h^m´i^=n�S�`$cgY3[_^gbdYin �gE6 g g�g�´i�k^=`h �^mY�o «	OQb [_S)o�bklgbd[��Qbr`a[_�Q]\SAn	cm�?n\b�:KS D�� � D��
�ib ¬�S$�rn)¦.n�SKSg¡ ;ilg�Q]_S�<3©a¡{N�OiS���SK^m[\�Q]_SKn�«�S)�in�S)��cg]�[\Oi^m[{S�¬��7S$]_bdRTSKY=[�^m]_S ���e�dc0«²��]_S��3�QS$Y�`�¢ I�^g^g]�f
«�^M�gSK�dS$[�`�cpS �H`$bdSKY=[hn$jEn\bdRTbk�k^g]	[\ce[\OQS�cgYQSAn~�in\SKo���c=]~[\OiS��¯^g`$S)o�S$[\SK`�[\bkcgY�S$¬���SK]\bkRTS$Y3[ ¦.`a�u¡ � �i¡ ��¡ U=©a¡
� S�[\]h^mbkY�[\SKYª§p¨{v�nKj�V * � . j9¡!¡�¡{j�V *��b. jQSA^g`hO cgYQS�oQSKo�br`$^m[\SKo�[_c�cgYQS"cg�#[_OQS�o�bklgbd[_nK¡�N�OQS�[\]h^mbkYQbdYil
��c=]zSA^g`hO�cm�¥[_OQS$R�brn�o�cgYQS{cgY ��gE6 g g g�S$¬Q^mRT�Q�kSKnz^gYioT[_OQS�[_SKn�[\bkYQl�brn�oQcgYQS{cgY�� gE6 g g g�cg[\OQSK]zbkR�^mlgSAn$¡
±icg]�SK^=`hO��ibk`�[\�Q]_Sgj9«�S�`�c=Yin�bro�SK]�^gn{��SK^m[\�Q]_SKn�����n\bdRT�Q�kS I�^=^m]�«�^M�gS$�kS�["`�cpS ��`$bdSKY3[_n![\c l3^mbkY��kc�`$^m�
bkYp�0^m]_bk^gYi`�ST[_c�o�S$��cg]_RT^m[\bkcgYinK¡ªN�OQS ;iYi^m��`��r^gn_n\b ;iSK]%C brn)´i^=n�SAo³cgY�^ª«	bdYiYQS$]\f.[h^m =SH^m�k�z]_�Q�dS��T[\OQS
]_SKn\�Q�d[	cm�#[\OQS�`$�k^=n\n\b ;7`$^0[_bdc=Yebrn�[\OQS"bkYio�S$¬�cg��[\OiS)§p¨{v «	bd[\O�[\OQS"Oibdl=OQSKn�[~]\SAn��7cgY�n�S=¡C &)(�2`"������ � �
	, V *1,-. &�(�2 ¦G�g�g©

±#bdl=�Q]\S <P���$����� � �����*� ��� �"� &"��� � ��� ��	R�������� � � � � ��� ������� �

}	SAn��i� [hn"^m]_S�n\OQc0«	Yªc=Y�[_^g´Q�kS ¦��A©���cg]![_OQS�G�^g�in_n�br^mY� gS$]_YQSK��^m[!�0^g]\bkcg�in 
 ^gYioª��cg]![\]_bk^gYQlg�i�k^g]
 =S$]_YQS$�G¡

N#^m´i�dS � � � ���������	������ � ����	I���"��� ����� ������� ����� ��� � �*���!���%&"#+���"�)��������� � 	 ��#%�����!��� , ��������� ��� ���"����"
� �����*� �� �"� &"��� � ����� &"�P��� �!�"� �

®�S$]_YQSK� w?]_]\c=]�]h^0[_S
N�]\br^mYQl=�Q�r^m] UQ¡ DgU��
G�^m��n\n\bk^gY ¦ 
 " ��g � � © U=�Q¡ >%=��
G�^m��n\n\bk^gY ¦ 
 " �A© ��¡k�8>��
G�^m��n\n\bk^gY ¦ 
 " ��g3© <Q¡ >.D��
G�^m��n\n\bk^gY ¦ 
 " ��g�g=© �m�i¡ < >��
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5 * 6+*H? � �Q� ¶ » ¶ � ¶ �m�84 º 3
N�OiS	bdYQbd[\br^m�iR cg[\bk�0^0[\bkcgY���cg]�[_OQbrn?nu[_�io�¢�«�^=n#[\c"�QYioQS$]hnu[h^mYio)[\OQS	l=cpcpo�lgSKYQS$]h^m�kbH:K^0[_bdc=Y)�7S$]\��cg]_R�^mYi`$S
cg�Q[\OiS�[_]\br^mYilg�Q�r^m]# gSK]\YQSK�pbdY�[\OQS	`$cgY3[\S$¬3[�cm���¯^g`$S�o�S$[\SA`a[\bkcgY�¡�£ Um�0¤QO�^M�gS�oQS$�gSK�dc=��SAo)^!OQbklgOQ�k¢"S �H`$bdSKY=[
oQS�[\SA`a[_cg]9´i^=n�SAo!cgY�^�OQbkS$]h^m]h`hOp¢~cm�i§p¨!v�n9�in\bkYQl�[\OQS?[\]_bk^gYQlg�Q�r^m]¥ =S$]_YQS$�G¡�N�OQSKbd]#^m�Q�i]\c3^g`hO�`�cgY�n�brnu[hn¥bkY
´i�Qbd�ro�bkYQl{n\S$�=S$]h^m�p§p¨{v�n�o�SAo�br`$^0[_SKo�[_c{�7cg�i�Q�k^m[\bkcgY�cg���¯^g`$S��Qbr`a[_�Q]_SKn�R c=]\S�^mYio)R c=]\S�`�cgY�nu[_]_^gbdYQSAo"bkY
�7c=n\bd[\bkcgY�bdY [_OQS"bdR�^glgS��Q�r^mY9¡ � S���c�`��in~OQS$]_S"cgY�[\OQS)lgS$YiS$]h^m�kb�:A^0[\bkcgYe��SK]���c=]\R�^mY�`�SKn�cg�#bkYio�bk�pbkoQ�i^m�
`$�k^=n\n\b�;iS$]hn�o�SKoQbk`K^0[\SAo [\c `$cgYin�[\]h^mbkYQSAo �7cg�i�Q�k^m[\bkcgYinHcm���¯^g`$S��Qbr`a[\�i]\SAn$¡�±#bdl=�Q]_S�¦*=m©en�Oic0«~nHn�c=RTS
S$¬Q^mRT�Q�kSKn���]\c=R [u«�c{cm�Q[_OQS$R j0[_OQS ;i]_n�[��kSKn_n�`�c=Yinu[_]_^gbdYiSKo�[_Oi^mY)[\OQS	n\SK`�c=Yio¥¡ ��cg[\O ^m]_S�n\¢3Y3[_OQS�[_bk`K^m�k�d¢
l=S$YQSK]_^m[\SAo�´p¢ªo�c=bdYQl ^ ��YQST´Qbd[\R�^g��[_]_^gYin���cg]_RT^m[\bkcgYin{cm��[\OQS�c=]\bklgbkYi^g���Qbr`a[_�Q]_SKn�«	OQbr`hO ^g]\S [h^m gSKY
��]_cgR [\OQS 	 �kbk�gS�[\[\bioi^0[_^g´i^gn\S�cm�7�¯^g`�SAn	£ U=�A¤;¡�w�^g`hOT�Qbr`a[\�i]\S	brn?^����I����{�ib ¬�S$�ibdY D ���!lg]h^M¢"�dSK�gS$�rn�^mY�o
`$cgY3[_^gbdY�n?^"�¯^=`�S~]_cg�Ql=OQ�k¢ `$S$Y3[\SK]\SAo¥¡#N�OiS{o�brnu[h^mYi`$S~´7S�[u«�S$S$YH[\OQS{S$¢gSAn�cm�9SA^g`hOT�¯^=`�S~]h^mYQl=SKn?��]\c=R � g
[_c D g �Qbd¬pSK�knK¡ � S"��n�S"^gn	^��¯^=`�br^m�9o�SAn\`$]\bk��[\bkcgY�^ �gSK`�[\c=]�cg� D ��� I�^=^m]�«�^M�=S$�kS�[	`�cpS �H`$bdSKY=[hn$¡�N�OQSAn�S
n\bkR �i�dS�I�^=^m]�`�cpS �H`$bdSKY=[hn"^m�k�dc0«���n![\cx`$^g��[\�Q]_S�[\OQSTR�^mbkYª�¯^=`�br^m��o�S$[_^mbk�rn!^m["�M^g]\bkcg��n{c=]\bkS$Y3[h^0[\bkcgY�n
^gYio�]\SAn�c=�d��[_bdc=Yin�^mYio `K^mY�´�S�`$cgRT�Q��[_SKo�S �H`�bkS$Y3[_�d¢H��n�bkYQl [\OQS"bkY3[\SKlg]h^m�¥bkRT^glgS £ U <M¤;¡

±#bklg�Q]_S�=x�����"	�� ��.����� �'�"	N������ ��� ��	 � � ���� ����*���������� ��� �)��������� � ��� ��� ��	���&'���  �"����������	������ � ��� &��%�
��	���&'�� (����� ��� � �"������� � ���������� ��� ����� �%�!��� ��� � � ���

N�OQS{]\SAn��i� [hnzl=bd�=S$Y�OQSK]\S!`�cg]_]_SKn\��c=Yio�[\c §�¨{v�nz[\]h^mbkYQSKoH«	b [_O ��g�g��¯^g`$S��Qbr`a[_�Q]\SAn�^gYio ��g g�´i^=`h =f
l=]\c=�QYiobkR�^mlgSAn$¡ w?]_]\c=])]h^0[_SKn ^m]_SHSKn�[\bkR�^0[\SAo�c=Y ��g�g�cm[_OQS$]��¯^g`$Se�Qbr`a[_�Q]_SKnKj��gS$]_bd��¢3bkYQlª[\OQS n\^gRTS
�7c=n\S�`$cgYin�[\]h^mbkY3[_nKj¥^mYio ��g gecm[\OiS$]!´i^g`h plg]_cg�iYio �Qbr`a[\�i]\SAn$¡�|{n{S$¬���SA`a[\SAo¥jE[\OiS�RTcg]_S�[_OQS �¯^g`$SKn!^m]_S
`$cgYin�[\]h^mbkYQSAo�bdY ��c3n�S=jA[\OQS�SK^=n�bkS$]�bkn�[_OQS�`$�k^=n\n\b�;�`$^m[\bkcgY9j0n\bdYi`$Sz[_cg�kS$]h^mYi`$S�[\c{[\]h^mY�n��r^0[_bdc=Y�^mYio)]\cg[_^0[_bdc=Y
brn�YQc�RTcg]_S!S�¬���SA`a[_SKo���]\c=R�[\OiS)§p¨{v³¡

}	SAn��i� [hn�cgY�[_^m´i�dS	�!n�OQc0«�[\OQS��7S$]\��cg]_RT^gYi`�S�cm�7´�cg[\O�[\OQS�[_]\br^mYQl=�Q�r^m]�^mYio�[\OQS G�^m��n\n\bk^gY) =S$]_YQS$�rn$¡
� Oibd�kS�[_OQS G�^g�in\n\br^mYx gSK]\YiS$��]_S$�kbkSKn~OiSK^M�pbd�k¢�cgY [\OiS `hOQc=bk`$S�cm��[_OQS n_`$^g�dS 
 j�[_OQS�[_]\br^mYilg�Q�r^m]~ =S$]_YQS$�
^=`hOQbkS$�gSAn�[\OQS�n_^mRTS�cg]ho�S$]�cg���7S$]\��cg]_RT^gYi`�SAn�«	b [_OQcg��[	[_�QYQbkYQl�cm��^mYp¢en_`$^g�dS!�i^g]_^gR S$[\SK]K¡
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N#^m´i�dS��E� � �����"��	��"����� ����	I���"��� ��"� � ��� � � ��� ��� �(�*���!���%&"#+�H��� �"��� ��� � 	 �"#%�����!�"� , ��������� �"� ������� ���)�8� � ����� " ��.���$������� ��� � � �"� �!�"����� � ������	 �
®�S$]_YQS$� � SA^m �`�cgY�nu[_]_^gbdY3[_n I�^m]ho�`�cgY�nu[_]_^gbdY3[_n
N�]_bk^gYQlg�i�k^g] <Q¡ >.>�� �Q¡ <.D��
G�^m�in_n�br^mY ¦ 
 " ��g��K© =p¡ U.<�� �g¡ �"<��
G�^m�in_n�br^mY ¦ 
 " �E61��g � © =p¡ >gU�� �Q¡ Dg���
G�^m�in_n�br^mY ¦ 
 " ��g � © ���=¡d�K��� U'=p¡ =0U��
G�^m�in_n�br^mY ¦ 
 " ��g=© �i�=¡ >=��� U'=p¡ =0U��

5 * 6+*�5 � �Q� ¶ � ¶ � º � 3 4���4 º 3
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