
HAL Id: inria-00072242
https://inria.hal.science/inria-00072242v1

Submitted on 23 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.

Distributed under a Creative Commons CC BY-ND 4.0 - Attribution - No Derivative Works - International
License

A truncated SQP algorithm for solving nonconvex equality
constrained optimization problems

Laurent Chauvier, Antonio Fuduli, Jean Charles Gilbert

To cite this version:
Laurent Chauvier, Antonio Fuduli, Jean Charles Gilbert. A truncated SQP algorithm for solving noncon-
vex equality constrained optimization problems. High Performance Algorithms and Software for Nonlinear
Optimization, G. Di Pillo; A. Murli, Jun 2001, Erice, Sicily, Italy. pp.149-176, ⟨10.1007/978-1-4613-0241-4_7⟩.
⟨inria-00072242⟩

https://inria.hal.science/inria-00072242v1
https://creativecommons.org/licenses/by-nd/4.0/
https://creativecommons.org/licenses/by-nd/4.0/
https://creativecommons.org/licenses/by-nd/4.0/
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
43

46
--

F
R

+
E

N
G

ap por t  


de  r ech er ch e 


THÈME 4

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

A truncated SQP algorithm for solving nonconvex
equality constrained optimization problems

Laurent
���������	��

�

— Antonio � ��������� — Jean Charles � ������

���

N° 4346

29 décembre 2001





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����
����	
��1��23���4�5��6�
��������72�����8 ��
9�5#

:9;=<�>4?A@0B � �������	��

��CEDGF @0BIH=@�JKH � � � � � �MLNDPO ?A;=@RQ*S�;=>UTV?AW � ������

����X

Y[Z]\I^`_3a	bdc/ef^3g0hjiAk&emlonp_Ik�loq0k&ef^EemrsiAk&emlon
t _Nr&uvr&k�\I^`_"r�w"lo^Eq0hm_Uxv_"r

y�z�lA{&_Ik�|9r&k&ef^`_
}*iAq0q~loz&k t _Nz�_"w�Z]_Iz�w�Z]_�n���a��Aa���bd��� t0� w"_I^3�0z�_ �����v�*b���� q�iA��_"r

���)�"���A�0����� � n�iAhf��loz&efk&Z0^���lozEr�lohf�/efn0� _"¡/g�iAhfefk¢uRw"lon]r&k&zsiAefn]_ t loq0k&ef^Eef£¤iAk&emlon�q0z�lo�0hm_I^`r`emr
q0z�loq~l�rs_ tG¥§¦ k�w�iAn t _�iAh�¨�efk&Z§n]lon]w"lon���_Ux��Mg0n]wIk&emlon]r©iAn t g]rs_"r©ipk&z&g0n]w�iAk�_ t w"lono{ªg0��iAk�_«iAh­¬
��loz&efk&Z0^®��loz t _Ik�_"wIk&efn0�«n]lon]w"lon/��_Ux=efk¯u ¥ Y[Z]_°iAhf��loz&efk&Z0^±_In]r&g0z�_"r w"lon���_Iz&��_In]w"_°�Mz�lo^²z�_I^`lok�_
r&ksiAz&k&efn0�Nq�loefn�k³��uEg]r&efn0�Nhfefn]_U¬¢rs_�iAz�w�Z ¥9´ g0^`_Iz&emw�iAh~_Uxvq�_Iz&ef^`_In�k�r[iAz�_�z�_Iq~loz&k�_ tGµ w"lo^Eq�iAz&efn0�	k&Z]_
iAq0q0z�l�iow�Z¶¨�efk&Z�k&Z]_'lon]_'ef^Eq0hm_I^`_In�k�_ t efn·k&Z]_'k&z&g]r&k�z�_I��emlon¸w"l t _"r�|9Y�}$iAn t�¹ n0efk&z�l ¥
º·»�¼�½�¾	¿ �AÀ���� |9¡/g�iAhfefk¢u§w"lon]r�k&zsiAefn�k©ÁÂ_Ux]iowIk°q~_In�iAhfk¯uÂ�Kg0n]wIk&emlon§ÁÂ��hmlo��iAhÃw"lon/��_Iz&��_In]w"_¶Á
hfefn]_U¬¢r�_�iAz�w�ZÄÁ ´ _I¨�k�lonPÅÆr	^`_Ik&Z]l t Á n]lon]w"lon���_UxRloq0k&ef^Eef£¤iAk&emlonÇÁ rs_"¡�g]_In/k&ejiAhÈ¡/g�i t zsiAk&emw°q0z�lA¬
��zsiA^E^Eefn0� Á©k&z&g0n]w�iAk�_ t w"lono{ªg0��iAk�_'��zsi t em_In/k*iAhf��loz&efk&Z0^ ¥

ÉEÊÌË�ÍÏÎ�ÐÆÑ¤Ò�ÓÕÔ�Ö&×�ËÏØAÎ ÙUÎ&Ú4Û¤ÜVÙIÚ4Ý&Þ"ØßÎ�Ò'à�á4ØAÒ�Ò�Î&ÚsØ/ÓÕâUÔ�Ö&ã4äæåKÒ�ÒMÑ�ÜjÐçÎ�ÒMÜKè*áUØAÐçéçÛAÎ�Ú4Øßê«ë~Î&ì¤ÎªêîímïßË¢Ú4ÛßÝ�Î�ð�ñ[ÎªÜjò�Ú4éçÐsó
ô�õ�ö�÷"øsù�ú0ûKüsý¤õsö"þ¤ÿ4øU÷��UõU÷Iú"ø������=û��I÷
	�
 é
�oÚsË�ÍÏéçò�Î�Û"ÍÏá�ìßéÌåKÛ��UÎ��4ÛAÎªËÏé Ú ì¤Î�ÐçÐ�� åVÛAÛAá��4Ú���éçá4ÛAÎUÓ���ÛAé
�IÎªËÏÒ�éÆÍ���ìßé��/Î�ÝªÝ�ÎUÓ��)é Ú	è*áUÛ"ÍÏÎªËÏáUÛßéfÓ �4ã¤Ö�!"!#��Î�Ý�Ý�Î

ífåjÍ¢Ú4ÐÆÑAð�ñßÎªÜjò�Ú4éçÐ4ó%$ ù"ú'&�ùAÿ"&=û�(4ö')4ö��"ÿ��söIùßÿ"�Uø0û+*�ÿ�ú
, å�-)àÌåMÊ¸à�á"Ý&Þ"ØßÎ�ÛAÝ�á4ØßË�Í&Ó.�ßËÏá�/MÎªÍ10�ÒMÍÏéçò�ÎUÓ3254«Ö6!U×�Ó7��8¤Ö&×4ã9�/Î³ë;:AÎ�Ò�ÛAÚ�ÑNë~Î&ì¤Îªê	ímï¤Ë¢Ú4ÛAÝªÎ�ð�ñAÎªÜjò�Ú4éçÐUó�< øIõsù>=

üsý�õU÷'�Uø'�/û@?�ÿ"��A�øU÷Iú���ÿ�ù�÷¤ÿ4õ0ûB�I÷.C



� �1
�������������� �5
 � � �®���~����-Ã����2°����� ����#����	�3��
 ��
�# 2	�~��8	���9�5
�#
���¢��23�~�s�5��#�
��������7�����1�����*%�
)+N
�# #����	#����������~
��s���~
�# ���	����
��s���
�

�
� ����� � � ´ log]r`q0z�loq�l�r�lon]r©g0n iAhf��loz&efk&Z0^`_¶q~log0z`z � rslog t z�_¸hm_"r�q0z�lo�0hm\I^`_"r t ÅÆloq0k&ef^Eemrsiß¬
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X z�lo^ k&Z]_Ãloq0k&ef^Eef£¤iAk&emlon·�/em_I¨�q�loefn�k µ i t emr�wIz�_Ik&ef£�_ tKD%( yRemr�i3��_In]_IzsiAhGn]lon0hfefn]_�iAzÈq0z�lo�0hm_I^
hfe^M�_���� ¥ �  µ ¨�efk&Zæk&Z]_��Mlohfhml¤¨�efn0� r�k&z&g]wIk&g0z�_$�Kefn]_"¡/g�iAhfefk¢u°w"lon]r&k&zsiAefn�k�r iAz�_ lA�Mk�_In©q0z�_"rs_In�k[efn©k&Z]_"rs_
q0z�lo�0hm_I^`r µ �0g0k[¨³_'r&Z�iAhfh�n]lok[w"lon]r&e t _Iz�k&Z�iAk[��_In]_IzsiAhPw�ior�_�Z]_Iz�_
_0rs_"_`Jf�aL~��loz�i3z�_"w"_In�k�l¤��_Iz&�/em_I¨

àÌà Û�bdcIã�cUä



a �����  ������ � �a���(� �
	 �N��� � ����� ���  ��
 �!�������a�

lonRk&Z]_·g]r�_ælA� ^�iAk&Z]_I^�iAk&emw�iAh q0z�lo��zsiA^E^Eefn0�îk�_"w�Z0n0em¡/g]_"r`k�l rslohf��_ D%( y9r  ¥ Y[Z]_æ�oiAz&ejiA�0hm_"r
) / '�)�� 3������@3Q) 9 *[k�l`loq0k&ef^Eef£�_	iAz�_Nq�iAz&k&efk&emlon]_ t efnV)K/ '��
3��.* ¥ Y[Z]_�w"lo^Eq~lon]_In/k�r lA�����K7(C
��ior ^�iAn�u`ior�_"¡/g�iAhfefk¢uEw"lon]r&k&zsiAefn�k�r  µ w�iAhfhm_ t�� � �
�����-���������a�^� �Iµ�t _"r�wIz&ef��_[k&Z]_�r&ksiAk�_�lA��k&Z]_�r&uvr&k�_I^
g0n t _Iz)r�k&g t u µ ¨�Z0efhm_Õk&Z]_Èw"lo^Eq~lon]_In/k�r�lA� �!�V7 9#" C µ w�iAhfhm_ t 	����
��� ���$�U����� ����� � �Iµ iAz�_Õq�iAzsiA^`_Ik�_Iz�r
k&Z�iAkÈw�iAn°��_�g]r�_ t k�l3^`l t e­�Mu�iAn t w"lon/k&z�loh~k&Z]_*r&ksiAk�_*lA�Pk&Z]_ r�u=r&k�_I^ ¥ � w"w"loz t efn0��hfu µ k&Z]_&%('*)
\�iow"lo�0ejiAn�^�iAk&z&e­x�lA� k&Z]_N_"¡�g�iAhfefk¯u·w"lon]r&k&zsiAefn�k�r,+`'�).* 5 /2,.-�'�)+*Èemr�q�iAz&k&efk&emlon]_ t ior[��lohfhml�¨�r

+`'�).*�/0/21 3!403
¨�Z]_Iz�_51 /61?'�)+* /87:97:; '�)+*�iAn t 3 /<3Z'�)+* /=7:97�> '�)+* ¥�� M�_Iu°�M_�iAk&g0z�_�lA� D%( y9r�emr�k&Z�iAk�efk emr
z�_�ior�lon�iA�0hm_�k�l©ior�r&g0^`_�k&Z]_Nn]lon]r�efn0��g0hjiAz&efk¢u¶lA�9k&Z]_�^�iAk&z&e­x!1 ¥�¦ n¸k&Z0emr*w�ior�_ µ �/u�k&Z]_Nef^Eq0hfemwIefk
�Kg0n]wIk&emlonÂk&Z]_"loz�_I^ µ k&Z]_·r&ksiAk�_æ��iAz&ejiA�0hm_��Äw�iAnÂ��_æ_Ux=q0z�_"rsr�_ t ior`i¶�Kg0n]wIk&emlon lA� k&Z]_·w"lon�k&z�loh
�oiAz&ejiA�0hm_?�§iAn t k&Z]_æ_"¡�g�iAhfefk¯uÄw"lon]r&k&zsiAefn/k ,-'�� 3��+*>/ 1 µ iAhmrsl¶w�iAhfhm_ t@� � �����V��Aa�N�
��� ��� µ z�_CB�_"wIk�r
Z]l�¨�k&Z]_3r&ksiAk�_D�©��iAz&em_"r�¨�Z]_InE�¶emr�w�Z�iAn0��_ tG¥

D �Mk�_In µ _In0��efn]_"_Iz�r Z�i"��_·iAhfz�_�i t uÇiAnR_Ux=k�_In]r�ef��_©_Uxvq~_Iz&em_In]w"_°efnÇ^`l t _Ihfef£¤iAk&emlonÂ¨�Z]_InÇk&Z]_Iu
w"lo^`_Ãk�l loq0k&ef^Eef£¤iAk&emlon ¥ Y[Z]_'r&uvr&k�_I^ k&Z]_Iu°r�k&g t u�emr t _"r�wIz&ef��_ t ��u°r�lo^`_'_"¡�g�iAk&emlon µ$F '��N*0/ 1
rsi"u µ ¨�efk&Z F 5
7 C ; 7 C°¥ Y[Z]_*¡�g]_"r&k&emlon°k&Z]_In·iAz&emr�_"rÈk�l M=n]l�¨ Z]l�¨ k�l�loq0k&ef^Eef£�_*k&Z]_*r&uvr&k�_I^ µ
¨�efk&Z¶z�_"r�q~_"wIk k�l©r�lo^`_	wIz&efk�_Iz&emlon µ ��u�^`l t e­�Mu/efn0�°r�lo^`_3q�iAzsiA^`_Ik�_Iz�rD� ¥ Y[Z]_�^`l t _Ih _"¡/g�iAk&emlon
emr3k&Z]_InR¨�z&efk&k�_InE,U'��
3��.*>/ 1 µ k&Z]_�q0z�_I�=emlog]rE_"¡/g�iAk&emlonÇ��_Iefn0�«z�_"w"l���_Iz�_ t ��loz	r�lo^`_°��iAhfg]_G�IH
lA�³k&Z]_Ew"lon/k&z�lohÕq�iAzsiA^`_Ik�_Iz:J F 'LK *DM�,U'LK^3��NH-* ¥ � k¢u=q0emw�iAhÕ_Ux0iA^Eq0hm_ emr3r&Z�iAq~_Eloq0k&ef^Eef£¤iAk&emlonîefn
Z�u t z�l t u=n�iA^Eemw"r µ efn ¨�Z0emwsZ k&Z]_ ��log0n t iAz&u«lA�[k&Z]_ t lo^�iAefn lA�Èefn/k�_Iz�_"r&k
� t _"r�wIz&ef��_ t ��upr&Z�iAq�_
q�iAzsiA^`_Ik�_Iz�r  Z�ior�k�l ��_ t _"r&ef��n]_ t k�lElo�0ksiAefn�loq0k&ef^�iAhPq0z�loq�_Iz&k&em_"r�lA��k&Z]_'r&ef^�g0hjiAk�_ t B�l�¨�Jç�v��L ¥
� n]lok&Z]_Iz)_Ux0iA^Eq0hm_³emrPk&Z]_ t _Ik�_Iz&^Eefn�iAk&emlonElA��loq0k&ef^�iAh/k&zsiß{&_"wIk�loz&em_"r�efn�k&Z]_Õq0z�_"r�_In]w"_³lA�]lo�]r&ksiowIhm_"r
�Mr�_"_4Jç� µ �-L)��lozNi©q0z�lo�0hm_I^(¨�Z]_Iz�_`i t _"_Iq k�_Ik&Z]_Iz�_ t ��_IZ0emwIhm_ emr'w"lon�k&z�lohfhm_ t �/upi©k�l�¨�efn0��r�Z0efq8_
k&Z0emr�q0z�lo�0hm_I^ Z�ior��~_"_In·g]r�_ t ior�k�_"r&k�¬Ïq0z�lo�0hm_I^ efn�k&Z]_ t _"r�ef��n¸lA� log0z*iAhf��loz&efk&Z0^  ¥
Y[Z]_"r�_·iAq0q0hfemw�iAk&emlon]rEZ�i���_æefnRw"lo^E^`lonÂk&Z�iAk k&Z]_ær&ksiAk�_ælA��k&Z]_·r&uvr&k�_I^²emr w"lo^Eq0g0k�_ t ��u

r�lohf�=efn0�Äk&Z]_p_"¡/g�iAk&emlon F '��N*T/ 1î�/u �Kq�l�r�r&ef�0hfu t iA^Eq�_ t  ´ _I¨�k�lonPÅÆræefk�_IzsiAk&emlon]r ¥ c/q�_"wIe � w
z�_"r�_�iAz�w�Z ^�i�u¶Z�i���_ u/em_Ih t _ t _�W�wIem_In/kNk�_"w�Z0n0em¡/g]_"rÃ��lozNr�lohf�=efn0�°k&Z]_ hfefn]_�iAzNr�u=r&k�_I^O1EPQ /(R F
t _ � n0efn0�©k&Z]_ ´ _I¨�k�lon«r&k�_IqSPQ ¥ ] _�k&Z0efnNM¸lA�Õ_Ux=q0hmloefk&efn0�æk&Z]_�r&q�iAz�r&efk¢u¶lA�9k&Z]_3^�iAk&z&e­x!1 / F -
loz�g]r&efn0�`q�iAzsiAhfhm_Ihfemr&^ µ �Mloz�efn]r&ksiAn]w"_ ¥ Y[Z]_'loq0k&ef^Eef£¤iAk&emlonpiAhf��loz&efk&Z0^ k&Z�iAk�¨³_'q0z�loq�l�r�_'k&z&em_"r�k�l
g]r�_3ior ^3g]wsZ ior�q~l�rsr&ef�0hm_Nk&Z]_N��iowIk k&Z�iAk µ ��loz D%( y9r µ k&Z]_�r&k�_IqTPQ emr*iE��l=l t¶t emr&q0hjiow"_I^`_In�k*��loz
w"lo^Eq0g0k&efn0�¶k&Z]_©r&ksiAk�_�lA��k&Z]_©r&u=r�k�_I^ ¥?X z�lo^ k&Z0emr��/em_I¨�q�loefn�k µ log0z	loq0k&ef^Eef£¤iAk&emlonÂiAhf��loz&efk&Z0^
emr`i¶k�_"w�Z0n0em¡/g]_·^`l t e­�Mu=efn0� k&Z]_ t efz�_"wIk&emlonUPQ efnÂloz t _Iz`k�l«z�_�iowsZ§loq0k&ef^�iAhfefk¢u ¥ Y[Z0emrEZ�ior©iAhmr�l
k&Z]_�i t ��iAn�ksiA��_ÃlA�ÌiAhfhml�¨�efn0�	k&Z]_ iAhf��loz&efk&Z0^ k�lNg]r�_�i t iAq0k�_ t n�g0^`_Iz&emw�iAh�k�_"wsZ0n0em¡�g]_"r t _I��_Ihmloq�_ t
�~_U��loz�_Ãk&Z]_'loq0k&ef^Eef£¤iAk&emlon«Z�ior�w"lo^`_'efn�k�l`q0hji"u ¥
Y[Z]_ q�iAq~_IzÈemr³loz&��iAn0ef£�_ t iorÕ�Mlohfhml¤¨�r ¥ c=_"wIk&emlon��Nq0z�_"rs_In�k�rÈk&Z]_�q0z�loq�_Iz&k&em_"rÈk&Z�iAk[iAz�_ Z]_Ihfqv�Mg0h

k�l t _"r&ef��nÄk&Z]_©iAhf��loz&efk&Z0^ ¥¶¦ nÇr�_"wIk&emlonÇ� µ ¨³_ t _"r�wIz&ef��_`k&Z]_°iAhf��loz&efk&Z0^±iAn t r&Z]l�¨ efk�r���hmlo��iAh
w"lon���_Iz&��_In]w"_ ¥ X efn�iAhfhfu µ rs_"wIk&emlon aRz�_IhjiAk�_"r�rslo^`_¶n/g0^`_Iz&emw�iAh3_Uxvq~_Iz&ef^`_In/k�r µ w"lo^Eq�iAz&efn0��log0z
iAq0q0z�l�iow�Z¶¨�efk&Z�k&Z]_'Y�} w"l t _"r�|9Y�} iAn t�¹ n0efk&z�l ¥

V·¿ ���v�XW ¿IY
] _ t _In]lok�_'��u[Z\K]Z k&Z]_,^�_Ãloz�|�g]wIhfe t _�iAn¶n]loz&^ ¥

å@-)àÌåMÊ



���������
	��
�������������������������! #" P

� � �	
 #�
�
������1�	�&��
��P���s���

� _Ik�g]r t _In]lok�_'�/u?+ '�)+*[k&Z]_D%8'�) \/iow"lo�0ejiAn�^�iAk&z&e­x�lA�(,ÃiAk ) ¥�¦ k[¨�efhfh�iAhf¨Èi�u=r��~_'ior�r�g0^`_ t
k�lNZ�i���_��Mg0hfh~z�l�¨ zsiAnNM ¥ Y[Z]_In µ ��lozÈiAn�u©r�lohfg0k&emlon4) C lA�%��� ¥ �  k&Z]_Iz�_*_Uxvemr&k�rÈi3g0n0em¡/g]_ � iA��zsiAn0��_^3g0hfk&efq0hfem_Iz�� C �47 C r&g]w�Z¸k&Z�iAk �Mr�_"_*��loz�_Ux0iA^Eq0hm_ Jf����L  J��� &('�) C *�� + '�) C *
	�� C /21

,-'�) C *:/21�� ��� ¥ �  

Y[Z]_ � z�r�k*_"¡/g�iAk&emlonpemr�k&Z]_	��zsi t em_In�k���ior�rsl/wIejiAk�_ t ¨�efk&Zpk&Z]_�|�g]wIhfe t _�iAn rsw�iAhjiAz q0z�l t g]wIk  ¨�efk&Z
z�_"r&q�_"wIk�k�l )«lA�)k&Z]_5� � �
� ���������
� �Mg0n]wIk&emlon

'�)@3��
* � 7 9 'V7 C�
; ^
'�)�3�� * 5 /2&('�).*���� 	 ,U'�)+* � 7 �
¦ k�r H _"r�r&ejiAn·¨�efk&Z¸z�_"r&q~_"wIk�k�l )¸emr t _In]lok�_ t �/u� '�)@3��
* 5 / � _��� ^�'�)@3��
*.�
� q�loefn�k ) C rsiAk&emr��Mu=efn0� ��� ¥ �  �Mloz·r�lo^`_�� C emræw�iAhfhm_ t i � � ��������� �������d�
� � � ¥ � k¸iÄrslohfg0k&emlon
'�) C 3�� C **lA����� ¥ �  µ � C 5 /�� '�) C 3�� C * emrÃq~l�r&efk&ef��_Ers_I^Ee­¬ t _ � n0efk�_�lon 3Z' + C * µ k&Z]_ n/g0hfhÕr&q�iow"_ElA�+ C 5 / +`'�) C * ¥E] _�rsi�uRk&Z�iAkK'�) C 3�� C *	emr©i � ��� �
� � � ��� ����� ��� e­��� C emrEq�l�r&efk&ef��_ t _ � n0efk�_¶lon3 ' + C *CJ���	�� C ��� 1E��loz'iAhfh�n]lon0£�_Iz�l�� � 3 ' + C * ¥Ã� r&ksiAk&emlon�iAz&u¸q�loefn�k ) C µ ¨�efk&Z ior�r�l=wIejiAk�_ t^3g0hfk&efq0hfem_Iz�� C µ emr'rsiAe t k�læ��_ ��� �����^��� e­��+ C emr'r�g0zM{�_"wIk&ef��_`iAn t e­��iAn�u � �[3Z' + C **r&g]wsZ k&Z�iAk� C �?� 3Z' + C *"!R�oiAn0emr�Z]_"r ¥�] Z]_In¸k&Z]_�w"lon]r&k&zsiAefn�k \�iow"lo�0ejiAn«emr�r&g0zM{&_"wIk&ef��_ µ i�r&k&z�lon0�©rslohfg0k&emlonemr�iAn¸_Ux]iA^Eq0hm_NlA�)z�_I��g0hjiAz r&ksiAk&emlon�iAz&uæq~loefn/k �Mr�_"_ J a�L  ¥
Y[Z]_Èr&ksiAn t iAz t ��_Iz�r&emlonElA��k&Z]_[c�#*y iAhf��loz&efk&Z0^ ��loz r�lohf�/efn0� ��� ¥ �  emr�i ´ _I¨�k�lonv¬Ïhfe^M�_[^`_Ik&Z]l t

�Mloz � n t efn0�·iEr�lohfg0k&emlon«lA� ��� ¥ �  �Mr�_"_'�Mloz�_Ux]iA^Eq0hm_ Jf��� µ � µ �%$ µ �
P µ a�L  ¥³� n·efk�_IzsiAk&emlon«r�ksiAz&k&efn0�
iAkS'�)�3�� * � z�r&k�rslohf��_"r�k&Z]_Ã��lohfhml�¨�efn0�`hfefn]_�iAz�r�u=r&k�_I^ ��lozS'&�N3��('*) *CJ+-, +`'�).* 	

+`'�).* 1 . + �� '*) . / R +/� &('�).*,U'�)+*0. ��� ¥ �  

¨�Z]_Iz�_ , emrÈiNr&u=^E^`_Ik&z&emw�^�iAk&z&e­x µ ¨�Z0emw�Zæw�iAn���_�efn t _ � n0efk�_ ¥9¦ n ´ _I¨�k�lonPÅÆrÕ^`_Ik&Z]l t , emrÕk&Z]_
H _"rsr&ejiAn°lA�)k&Z]_ � iA��zsiAn0��ejiAn1� '�)�3�� *[iAn t efn·¡/g�ior&e­¬ ´ _I¨�k�lon·^`_Ik&Z]l t r , emrÈg0q t iAk�_ t iAk�_�iow�Z
efk�_IzsiAk&emlon©k�l	iAq0q0z�l"xvef^�iAk�_2� '�)�3�� * ¥�¦ n�k&Z]_"r�_ w�ior�_"r µ , t _Iq~_In t r t efz�_"wIk&hfu�lozÕefn t efz�_"wIk&hfu©lon0� ¥
´ _Uxvk µ '�)�3�� *Èemr�g0q t iAk�_ t �/u

)�3 / )4�5� iAn t �63 /7� '*) �
Y[Z]_Ãq�iAefz '&�N3�� '*) *³emr�iAhmr�l�i	q0z&ef^�iAh­¬ t g�iAh)r&ksiAk&emlon�iAz&uæq~loefn/k�lA�)k&Z]_3¡�g�i t zsiAk&emw'q0z�lo�0hm_I^

^Eefn � &('�).* 	 �2��89 � 	 , �r ¥ k ¥ + '�)+*"�2�I,U'�)+* /21��
��� ¥ a  

¦ k[emr M=n]l�¨�n¸k&Z�iAk µ e­��k&Z]_ � z�r�k�efk�_IzsiAk�_ '�)NH�3�� H *³emr�wIhml�r�_'_In]log0��Z�k�l`i	z�_I��g0hjiAz r&ksiAk&emlon�iAz&uæq�iAefz
'�) C 3�� C *�lA����� ¥ �  µ k&Z]_	c�#*y iAhf��loz&efk&Z0^ ¨�efk&Z , /7� '�)�3�� *�emr�¨³_Ihfh t _ � n]_ t �Ke ¥ _ ¥fµ ��� ¥ �  Z�iorÃi
g0n0em¡�g]_�rslohfg0k&emlon  iAn t ��_In]_IzsiAk�_"r³i*r�_"¡/g]_In]w"_2:�'�)(;�3��6;�*�<=;?> H lA�~q0z&ef^�iAh­¬ t g�iAh�q�iAefz�r9w"lon���_Iz&��efn0�
¡�g�i t zsiAk&emw�iAhfhfuæk�l '�) C 3�� C * ¥

àÌà Û�bdcIã�cUä



� �����  ������ � �a���(� �
	 �N��� � ����� ���  ��
 �!�������a�

����� ���	��

��� ����������
������

YÌlEw"lo^Eq0g0k�_3i rslohfg0k&emlon�lA�)k&Z]_Ãhfefn]_�iAz�r�u=r&k�_I^ ��� ¥ �  µ lon]_'w�iAn·q0z�l=w"_"_ t ior[��lohfhml�¨�r ¥ Y[Z]_ t g�iAh
r�lohfg0k&emlon�� '*) ��_Iefn0� t _Ik�_Iz&^Eefn]_ t ��uÃk&Z]_���iAhfg]_ÕlA�/� iAn t k&Z]_ � z�r&kÌ_"¡/g�iAk&emlon3lA� ��� ¥ �  �Kz�_I^`_I^��~_Iz
k&Z�iAk�¨³_3iorsr&g0^`_'k&Z�iAk�+ '�)+*Èemr�r&g0zM{�_"wIk&ef��_  µ k&Z]_Ã^�iAefn�ksiorQMæw"lon]r&emr&k�r�efn t _Ik�_Iz&^Eefn0efn0� � ¥
� n�u t efz�_"wIk&emlon�� rsiAk&emr��Mu=efn0�3k&Z]_ hfefn]_�iAz&ef£�_ t w"lon]r&k&zsiAefn�k�r�w�iAn°�~_ ¨�z&efk&k�_In0� / Q ��� µ ¨�Z]_Iz�_

Q emr i	q�iAz&k&emwIg0hjiAz r�lohfg0k&emlon¸lA�
+ '�)+* Q / R ,U'�)+*

iAn t ��emr'i t emr&q0hjiow"_I^`_In�kÃefn 3 ' + * µ k&Z]_�n�g0hfh�r&q�iow"_	lA�\+`'�).* ¥ Y[Z]_ t emr&q0hjiow"_I^`_In/k Q emrÃw�iAhfhm_ t
k&Z]_ ��� � � �
� �
��� ��� � ��� � iAn t ��emr*w�iAhfhm_ t k&Z]_ � ��� �#�a� � � ��� � r&efn]w"_3efk�emr ksiAn0��_In�kÃk�l`k&Z]_�^�iAn0e­��loh t
, " � ' ,U'�).*Q* ¥ Y[Z]_Iz�_©iAz�_©r�_I��_IzsiAhÕ^`_�iAn0efn0�o�Mg0hÕ¨[i"uvr	lA� t _"w"lo^Eq�l�r&efn0� �¶efnÄi�z�_"r&k�lozsiAk&emlonRr&k�_Iq
iAn t ksiAn0��_In�k*r&k�_Iq ¥
� rÕ¨È_*r4iAe t efn°k&Z]_*efn�k&z�l t g]wIk&emlon µ efn D%( yÕr µ )·emr³q�iAz&k&efk&emlon]_ t efn '�� 3��+*ÈiAn t k&Z]_ \�iow"lo�0ejiAn

^�iAk&z&e­x�+ '�)+*[emr�r&ef^EefhjiAz&hfuæq�iAz&k&efk&emlon]_ t efn

+`'�).*0/0/21?'�)+* 3Z'�)+*L4O/ +�� ,� � '�� 3��+* � ,
� � '�� 3��+* . 3

¨�efk&Z 1?'�)+*Èn]lon]r&efn0��g0hjiAz ¥ Y[Z]_Ã��_"wIk�loz Q w�iAn�k&Z]_In���_'w"lo^Eq0g0k�_ t �/u

Q /UR + 1?'�)+*�" �1 . ,-'�).*.� ��� ¥ P  

( hm_�iAz&hfu µ k&Z]_ � z�r&k*% w"lo^Eq�lon]_In�k�r©lA� Q µ R�1?'�)+* " � ,U'�)+* µ emr k&Z]_ ´ _I¨�k�lon r&k�_IqRk�l r�lohf��_°k&Z]_
r&ksiAk�_E_"¡/g�iAk&emlonZ,U'LK^3��+*S/ 1·¨�efk&Z � xv_ t w"lon�k&z�lohÕq�iAzsiA^`_Ik�_Iz�r5� ¥�¦ n D%( yÕr µ w"lo^Eq0g0k&efn0� Q ior
iA�~l¤��_Nemr lA�Kk�_In¶k&Z]_N^`l�r&k�r�k&zsiAef��Z�k���loz&¨ÈiAz t iAn t n�iAk&g0zsiAh�iAq0q0z�l�iow�Z ¥ X loz _Ux]iA^Eq0hm_ µ ¨�Z]_In¶k&Z]_
w"lon]r&k&zsiAefn�k'w"lo^`_"r �Mz�lo^ k&Z]_ t emr�wIz�_Ik&ef£¤iAk&emlon lA�Èi t eGF�_Iz�_In/k&ejiAh9_"¡�g�iAk&emlon µ 1 emrÃi©r&q�iAz�r�_�hml�¨³_Iz
�0hml/w M¶k&z&ejiAn0��g0hjiAz�^�iAk&z&e­x ¥E¦ k'emrÃk&Z]_Iz�_U��loz�_E��_Iz&upiAk&k&zsiowIk&ef��_�k�l·w"lo^Eq0g0k�_ Q efn k&Z�iAkN¨Èi�u iAn t
k�l�Z�i���_EiAnploq0k&ef^Eef£¤iAk&emlonîiAhf��loz&efk&Z0^5¨�Z]_Iz�_	k&Z0emr'r&k�_Iq«emr*iAhfhml¤¨³_ tG¥ D n¶k&Z]_ lok&Z]_IzÃZ�iAn tGµ k&Z]_
w"lohfg0^En]r�lA� + R�1?'�)+* " � 3Z'�)+*

 . ��� ¥ �  

�Mloz&^(i°��ior&emr'lA��3 ' + '�)+*Q* µ r�l°k&Z�iAk'k&Z]_ ksiAn0��_In�k3r�k�_Iq w�iAn �~_	ksiUM�_In efn k&Z]_ zsiAn0��_Er&q�iow"_ElA�
k&Z0emr�^�iAk&z&e­x ¥

!«loz�_N��_In]_IzsiAhfhfu µ r&efn]w"_ +`'�).*[emrÃior�r&g0^`_ t k�l`Z�i"��_3�Mg0hfhÌz�l�¨ zsiAnNM µ efk*Z�ior*i`z&ef��Z�k*efn���_Iz�r�_ J
k&Z0emr�emr�iAn·efno{&_"wIk&ef��_'^�iAk&z&e­xE+ " '�).*�� 7 9#" C r&g]wsZ�k&Z�iAk

+`'�).* + " '�).*0/$ C � ��� ¥ $  
Y[Z]_°^�iAk&z&e­xî�ÏiowIk�loz`lA�5R ,U'�)+*�efn ��� ¥ P  emr`iAnÂ_Ux0iA^Eq0hm_·lA��z&ef��Z/kEefn���_Iz�r�_·lA�D+`'�).* µ ¨�Z0emwsZÂemr
i t iAq0k�_ t k�l D%( y9r ¥ Y[Z]_°z�_"r&k�lozsiAk&emlonÂr&k�_IqRw�iAnÇk&Z]_InÇ��_°w"lo^Eq0g0k�_ t �/u Q / R + " '�)+* ,U'�)+* ¥
Y[Z]_3iAhf��loz&efk&Z0^ t l=_"r�n]lok�z�_"¡�g0efz�_'k&Z�iAk�k&Z]_N^�iAk&z&e­xE+ "0'�).* µ n]loz�efk�r�k&zsiAn]r&q~l�rs_ µ �~_'_Uxvq0hfemwIefk&hfu
�Mloz&^`_ tG¥6D n0hfuRq0z�l t g]wIk�r©lA�Ãk&Z]_"rs_·^�iAk&z&emw"_"r�¨�efk&Z§�oiAz&emlog]r���_"wIk�loz�r°iAz�_·n]_"_ t _ tG¥ � _IkæiAhmr�l

å@-)àÌåMÊ



���������
	��
�������������������������! #" $
� " '�).*���_	iAn ) ' '�) R %Y*�^�iAk&z&e­x¸¨�Z]l�r�_	w"lohfg0^En]r �Mloz&^ i���ior&emr lA�\3Z' + '�)+*Q* µ e ¥ _ ¥fµ � " '�).*
emr[efno{�_"wIk&ef��_	iAn t

+`'�).*�� " '�)+*0/�� C "��G9#" C�� � ��� ¥ �  
Y[Z]_ �Q�Q�
�d	 ��� ���Q����� ��� � ior�r�l=wIejiAk�_ t ¨�efk&ZEk&Z]_	�¢��ior&emr�
�� ":'�)+*�emr k&Z]_[��_"wIk�loz9lA� 7(9�" C t _ � n]_ t ��u


 '�).* 5 /�� " '�)+* 	 � &('�)+*.� ��� ¥ �  
¦ n D%( yÕr µ k&Z]_�^�iAk&z&e­x ��� ¥ �  emrÕi*n�iAk&g0zsiAh���ior&emrÕiAn t k&Z]_�z�_ t g]w"_ t ��zsi t em_In�k³emr9lA�Kk�_In`w"lo^Eq0g0k�_ t
��u � z�r&k�r�lohf�=efn0�`k&Z]_Nr�lA¬¢w�iAhfhm_ t ����� ��� �
� ��Aa�N�
��� ���

1?'�)+* 	�� / � ; &('�).*
iAn t n]_Ux=k 
 '�)+*0/ � > &('�)+* R 3Z'�)+*&	 � ¥
¦ n¶k&Z]_ r�_"¡/g]_Ih µ ¨³_Er&g0q0q�l�r�_�k&Z�iAk ��lozNiAn�uY) k&Z]_�^�iAk&z&emw"_"r + "0'�)+**iAn t � "0'�)+**iAz�_	��ef��_In

iAn t i t iAq0k�_ t k�l¶k&Z]_°q0z�lo�0hm_I^�k�l«rslohf��_ ¥Y] _°¨[iAn�kEk�l t _"r&ef��nÂiAnRloq0k&ef^Eef£¤iAk&emlon§iAhf��loz&efk&Z0^
k&Z�iAk�g]r�_"r�k&Z]_"r�_N^�iAk&z&emw"_"r µ ¨�efk&Z]log0k�^`l t e­�Mu/efn0�Ek&Z]_I^ �/u°w"l�r�k&hfuæw"lo^Eq0g0ksiAk&emlon]r ¥
¦ n k&Z]_ �Mloz&^�iAhfemr&^ ��ef��_In iA�~l¤��_ µ iAn�u r�lohfg0k&emlon lA� k&Z]_phfefn]_�iAz&ef£�_ t w"lon]r&k&zsiAefn/k�r¸w�iAn���_

¨�z&efk&k�_In � / Q � �
¨�efk&Z

Q / R + " '�).* ,-'�).* iAn t �0/�� " '�)+* �@3
�Mloz'r�lo^`_ � � 7 9�" C k�l t _Ik�_Iz&^Eefn]_ ¥ Y[Z0emr'emrNi � z�r&k'¨[i"uplA� t _"w"lo^Eq�l�r&efn0�1� ¥ c/g0�]r&k&efk&g0k&efn0�
k&Z0emr _Ux=q0z�_"r�r�emlon lA� �Ãefn�k�l*k&Z]_ � z�r&k�_"¡�g�iAk&emlonElA� ��� ¥ �  iAn t ^3g0hfk&efq0hfu=efn0�Nlon	k&Z]_Èhm_U�Mk��/u�� "0'�)+* 	
u/em_Ih t r�k&Z]_'r�lA¬¢w�iAhfhm_ t ���Q���N	 �Q� � � � ����"

� � /�� 3 ��� ¥ ���  
¨�Z]_Iz�_

� 5 /�� " '�)+* 	 , � " '�)+* iAn t � 5 /UR 
 '�)+* ��� " '�)+* 	 , + " '�)+* ,U'�).*.� ��� ¥ ���  
Y[Z]_¶r�u/^E^`_Ik&z&emw«^�iAk&z&e­x�� µ w�iAhfhm_ t k&Z]_ ���Q���N	 �Q� " �
������� µ n]_"_ t n]lok©��_«iorsr�_I^3�0hm_ t efn log0z
iAhf��loz&efk&Z0^ ¥>] Z]_In , /�� '�)�3�� * µ � t _Iq�_In t rNlon )ÇiAn t �îiAn t emr'q�l�r&efk&ef��_ t _ � n0efk�_ �Kz�_"r�q ¥
n]lon]r&efn0��g0hjiAz  iAk i r�k&z�lon0��r�lohfg0k&emlon �Kz�_"r&q ¥ i	z�_I��g0hjiAz�r&ksiAk&emlon�iAz&uæq~loefn/k  lA� ��� ¥ �  ¥

��� � � � ��� ����� 

� � �!� ����� � 
�� 

�#�!� 
���� ���

] Z]_In , / � '�)@3��
* µ efk°emræefn]r&k&z&g]wIk&ef��_pk�lRw"lo^Eq�iAz�_pk&Z]_¶hfefn]_�iAz·r&uvr&k�_I^ ��� ¥ ���  ¨�efk&Z k&Z]_
´ _I¨�k�lonær&uvr&k�_I^ efn©g0n]w"lon]r&k&zsiAefn]_ t loq0k&ef^Eef£¤iAk&emlon µ e ¥ _ ¥fµ � _ &('�).*"� /UR � &('�)+* ¥ ¦ n©��lok&Z°w�iors_"r µ
k&Z]_N^�iAk&z&e­x¶lA�9k&Z]_	r&uvr&k�_I^ emr*r&u=^E^`_Ik&z&emw	iAn t q�l�r&efk&ef��_3r�_I^Ee­¬ t _ � n0efk�_EiAk'iE^Eefn0ef^�g0^ q~loefn/k ¥
X loz3g0n]w"lon]r�k&zsiAefn]_ t q0z�lo�0hm_I^`r µ efk�emr�zsiAz�_IhfuîiAq0q0z�loq0z&ejiAk�_°k�l¶w"lo^Eq0g0k�_æiAnÇ_Ux]iowIk�rslohfg0k&emlonÇlA�
k&Z0emr�hfefn]_�iAz³r�u=r&k�_I^ ¨�Z]_In�)�emr9��iAz �Mz�lo^�iÃ^Eefn0ef^Eef£¤iAk&emlon°q~loefn/k:J)efk�emr9g0n0hfe^M�_Ihfu k�l'��_�i t _"r�w"_In�k
t efz�_"wIk&emlon lA� & �M_Ux0w"_Iq0k�e­� & emr©r&k&z�lon0��hfu�w"lon���_Ux  iAn t efk�z�_"¡/g0efz�_"r©k&Z]_Iz�_U�Mloz�_¸g0n0n]_"w"_"r�rsiAz&u

àÌà Û�bdcIã�cUä



� �����  ������ � �a���(� �
	 �N��� � ����� ���  ��
 �!�������a�

w"lo^Eq0g0ksiAk&emlon�iAh=_�FGloz&k ¥Ì¦ nNk&Z]_�k&z&g0n]w�iAk�_ t�´ _I¨�k�lon iAq0q0z�l�iow�Z4Jf����L µ k&Z0emrÌhfefn]_�iAzÌr&uvr&k�_I^�emrPrslohf��_ t
^`loz�_ÕiAn t ^`loz�_Èiow"wIg0zsiAk�_Ihfu3iorGk&Z]_9efk�_IzsiAk�_"rÌq0z�lo��z�_"r�rPk�l�k&Z]_Õr�lohfg0k&emlon µ ��uNi�w"lon�k&z�lohfhm_ t n�g0^��~_Iz
lA��w"lono{ªg0��iAk�_æ��zsi t em_In/k � (��  efk�_IzsiAk&emlon]r ¥�� uÄi t iAq0k&efn0�pk&Z]_æiow"wIg0zsiowIuÄ¨�efk&ZR¨�Z0emw�ZÂr&uvr&k�_I^
emrEr�lohf��_ t lon]_·w�iAnÂ��_Ik�i«r&g0q�_Iz&hfefn]_�iAz`loz`¡�g�i t zsiAk&emw·zsiAk�_·lA�Ãw"lon���_Iz&��_In]w"_ ¥�� nRefn�k�_Iz�_"r&k&efn0�
q0z�loq~_Iz&k¯u�lA�Pk&Z0emr�iAq0q0z�l�iow�Zæemr³k&Z�iAk µ q0z�l¤�/e t _ t k&Z]_ (�� emrÕefn/k�_Iz&z&g0q0k�_ t �~_U��loz�_�_In]w"log0n/k�_Iz&efn0�©i
n]_I��iAk&ef��_�wIg0z&�oiAk&g0z�_ t efz�_"wIk&emlon �Mr�_"_È�~_Ihml¤¨  µ k&Z]_�iAq0q0z�l�x=ef^�iAk�_ r�lohfg0k&emlonEemr9i t _"r�w"_In�k t efz�_"wIk&emlon
lA�N& ¥�] _ ��lohfhml�¨îk&Z]_³rsiA^`_�e t _�i iAn t r�lohf��_9k&Z]_9z�_ t g]w"_ t r&uvr&k�_I^ ��� ¥ ���  efn]_Ux0iowIk&hfu'�/u*k&z&g0n]w�iAk�_ t
(�� efk�_IzsiAk&emlon]r ¥3¦ n r�_"wIk&emlon � ¥ � µ ¨³_Er&Z]l¤¨ k&Z�iAkÃk&Z0emr'r&k&zsiAk�_I��u¶q0z�l¤�/e t _"rNi t efz�_"wIk&emlon �¸iAhmlon0�
¨�Z0emw�Z¸rslo^`_NwIhjior�r&emw�iAhP_Ux]iowIk�q�_In�iAhfk¢uæ^`_Iz&efk��Mg0n]wIk&emlon t _"wIz�_�ior�_"r ¥
Y[Z]_Èk&z&g0n]w�iAk�_ t w"lono{ªg0��iAk�_È��zsi t em_In/k �MY (��  iAhf��loz&efk&Z0^ �Mloz r�lohf�=efn0� ��� ¥ ���  iAq0q0z�l"xvef^�iAk�_Ihfu

emr[q0z�_"r�_In�k�_ t �~_Ihml¤¨ ¥9¦ k�r�efk�_IzsiAk&emlon]r�iAz�_Nw�iAhfhm_ t �!� � ��� �������Q�
�����
� � ior�loq0q~l�rs_ t k�l k&Z]_ �������a�S�!���
���Q�
�����
� � lA��k&Z]_3c�#*y§iAhf��loz&efk&Z0^ ¥ Y[Z]_ÃiAhf��loz&efk&Z0^ r&ksiAz&k�r�¨�efk&Z�� H /21Eior[k&Z]_Ãefn0efk&ejiAhÌiAq0q0z�l�x/¬
ef^�iAk&emlon«lA��� µ ��_In]_IzsiAk�_"rÃiAq0q0z�l�x=ef^�iAk�_Erslohfg0k&emlon]r��	�3�Mloz�
?/ 1�3�������3
� µ ior*¨È_Ihfh iorÃw"lono{�g0��iAk�_
t efz�_"wIk&emlon]r�� � ¥ Y[Z]_'n]_I��iAk&ef��_Nz�_"r&e t g�iAhPemr t _In]lok�_ t ��u�� � / � R ��� � ¥
Y[Z]_ÃiAhf��loz&efk&Z0^ w�iAn©�~_*r&k�loq0q�_ t iAk�iAn�u`efk�_IzsiAk&emlon µ �0g0kÈefk³^�g]r&k[w"_Iz&ksiAefn0hfu`�~_�efn�k�_Iz&z&g0q0k�_ t

iAk�� � e­��k&Z]_�n]_Uxvk9w"lono{ªg0��iAk�_ t efz�_"wIk&emlon�� � emrÕi Aa�N� � �����+� ���
��� �U�S	 � �C�-�
�����Q� t efz�_"wIk&emlon ¥(] _�^`_�iAn
��u°k&Z0emr�k&Z�iAk�k&Z]_Ã��lohfhml�¨�efn0�©efn]_"¡�g�iAhfefk¯u t l/_"r�n]lok�Z]loh t J

'�� � * 	 ��� ����� Z
� � Z _ � ��� ¥ ���  
Y[Z]_Ãq�iAzsiA^`_Ik�_Iz � �<1	emr[^�iAefn/ksiAefn]_ t w"lon]r&ksiAn/k t g0z&efn0�`k&Z]_ (�� efk�_IzsiAk&emlon]r��K�0g0k�efk�¨�efhfhG�oiAz&u
iAhmlon0�¶k&Z]_©log0k�_Iz�efk�_IzsiAk&emlon]r µ r�_"_©rs_"wIk&emlonÇ�  ¥¸� hf��loz&efk&Z0^�Y (�� ¨�efhfh[r&ef^Eq0hfu t emr�w�iAz t ¡/g�ior&e­¬
n]_I��iAk&ef��_ t efz�_"wIk&emlon]r µ Z]_In]w"_·iAhmr�l«n]_I��iAk&ef��_·wIg0z&��iAk&g0z�_ t efz�_"wIk&emlon]r �V�Mloz	¨�Z0emw�ZÂk&Z]_°hm_U�Mk�¬ÏZ�iAn t
r&e t _Ãefn ��� ¥ ���  emr[n]_I��iAk&ef��_  ¥

�������! #" �#$&%('*),+ �MYÌz&g0n]w�iAk�_ t ( lono{�g0��iAk�_ � zsi t em_In/k  J
� ¥ c=_Ik,� H /21EiAn t � H /�� ¥
� ¥�¦ � �>/21 µ r�_Ik��:/21EiAn t ��lEk�l�c/k�_Iq¸a ¥
� ¥ X loz-
 /21�3 8 3������ t lEk&Z]_*��lohfhml�¨�efn0� J� ¥ � ¥ c/k�loq¸k�lEefk�_IzsiAk�_3iAn t ��l k�l©c/k�_Iq¸aE¨�efk&Z.�A//
©e­� t _"r�efz�_ tG¥
� ¥ � ¥ ( lo^Eq0g0k�_3k&Z]_0
�k&Z¶w"lono{ªg0��iAk�_ t efz�_"wIk&emlon�J

� � 5 /21 � H e­�#
 /21�3� � 465 784:9465 7<;>= 4 9 �?� " � e­�#
 � 8 �
� ¥ � ¥ ( lo^Eq0g0k�_A@B�O/ �.�?� ¥
� ¥ a ¥�¦ � ��� ¥ ���  t l=_"r�n]lok�Z]loh tGµ k&Z]_In���l k�l°c/k�_Iq�aE¨�efk&Z.�(/C
 ¥
� ¥ P ¥ ( lo^Eq0g0k�_3k&Z]_Nr&k�_Iq]r&ef£�_ J D � / Z?�E�$Z _

'�� � * 	 @ � �

å@-)àÌåMÊ



���������
	��
�������������������������! #" �

� ¥ � ¥ ( lo^Eq0g0k�_¶k&Z]_·n]_I¨ efk�_IzsiAk�_ �B� 3 � / �	�2� D �	�?�¸iAn t k&Z]_�n]_I¨ n]_I��iAk&ef��_
z�_"r�e t g�iAh � � 3 � / � � R D � @ � ¥

a ¥�¦ �!�(/21 ksiUM�_ � /�� µ _Ihmrs_ÃksiUM�_ �4/ � � µ ior iAq0q0z�l"xvef^�iAk�_�r�lohfg0k&emlon¶lA� ��� ¥ ���  ¥
¦ k emr�ef^Eq�loz&ksiAn�k'k�l©n]lok�_�k&Z�iAk*k&Z]_ iAhf��loz&efk&Z0^5g]r�_"r*¡�g�ior&e­¬Ïn]_I��iAk&ef��_ t efz�_"wIk&emlon]r*efn i t eGFG_Iz�_In�k
¨Èi�u ¨�Z]_In�� / 1¸loz*� � 8 ¥«¦ nîk&Z]_ � z�r&k	w�iors_ µ �Âemr	r�_Ik�k�l¸k&Z�iAk ¡�g�ior�e­¬Ïn]_I��iAk&ef��_ t efz�_"wIk&emlon� H / � H /�� µ ¨�Z0efhm_*efn°k&Z]_�hjiAk&k�_Iz�w�ior�_ k&Z]_ ¡/g�ior&e­¬Ïn]_I��iAk&ef��_ t efz�_"wIk&emlon � �*emr t emr�w�iAz t _ tG¥9¦ n°k&Z0emr
¨Èi�u µ k&Z]_*iAq0q0z�l"xvef^�iAk�_Ãr�lohfg0k&emlon �·lA� ��� ¥ ���  w"lo^Eq0g0k�_ t ��uEk&Z]_ÃiAhf��loz&efk&Z0^�emr³£�_Iz�l	lon0hfuE¨�Z]_In
� /21 ¥
Y[Z]_*n]_Ux=k[q0z�loq�l�r&efk&emlon�r&Z]l¤¨�r�k&Z�iAk[k&Z]_NiAq0q0z�l"xvef^�iAk�_Nr�lohfg0k&emlon��4/ � � w�iAnæ��_*¨�z&efk&k�_In·efn

i w"lo^Eq�iowIk���loz&^ � � /�� � µ ¨�Z]_Iz�_�� emr�i	q�l�r&efk&ef��_'r�_I^Ee­¬ t _ � n0efk�_3^�iAk&z&e­x µ ¨�Z0emwsZ¸w�iAn·k&Z]_In���_
�/em_I¨È_ t ior�iAn¸iAq0q0z�l�x=ef^�iAk&emlonplA�)k&Z]_Nefn���_Iz�r�_NlA� � �Kq0z�l��=e t _ t k&Z0emr�lon]_N_Uxvemr&k�r  ¥� � ¿��9¿ �XWV�XW ¿IY	��

���  d� � �%�
�Q� ���!">����� � ��� ����� ��� � ��� ��� ¥ ���  	���"��
�d���Q� � �?� �����������! #" ����

	���� �����:���!� �����

�4/�� �
3�( d����� � � � �! N� � �#��� ����� � " �
������� � � �A/21 ���
�

� 5 /
� " ����� H �?�
'��?�U*&	

'�� � * 	 �.� � 3 � � � � 8 � ��� ¥ ���  

�  �&��� ¥`¦ ��� /�1 µ � / �«iAn t k&Z]_ z�_"r&g0hfkN�Mlohfhml¤¨�r ¥ D k&Z]_Iz&¨�emr�_ � hf��loz&efk&Z0^®Y (�� ��_In]_IzsiAk�_"r
w"lono{ªg0��iAk�_ t efz�_"wIk&emlon]r�� H µ ����� µ � � " � µ rsl k&Z�iAk[�Mloz 1�� 
��C� R 8 J

Z?� � Z _ / '�� � * 	 � � /URS'�� � * 	 ' ��� � R �d*0/UR '�� � * 	 ��� � " �� � � H
D � � � � �2'�� � * 	 � / '�� � * 	 �
3

��uæw"lono{ªg0��iowIu·lA�!� ��iAn t � � ¥ Y[Z]_Iz�_U�Mloz�_
� /

� " ����� H
D � � � / � " ���!� H '�� � * 	 �

'�� � * 	 ��� � � � /#"$ � " ���!� H � � '�� � * 	
'�� � * 	 ��� �&%' � �

���)( * ��� � ����
 ����������
���� �

Y[Z]_ t efz�_"wIk&emlon«q0z�l t g]w"_ t ��u�log0zÃiAhf��loz&efk&Z0^ i t0t r�k&Z]_Nz�_"r&k�lozsiAk&emlonpr&k�_Iq Q / R�+ "�,NiAn t k&Z]_
ksiAn0��_In�k�r&k�_Iq �:/ � " � µ ¨�Z]_Iz�_,�4/�� �EemrÈk&Z]_ÃiAq0q0z�l"xvef^�iAk�_*rslohfg0k&emlonælA�Pk&Z]_ z�_ t g]w"_ t r&uvr&k�_I^
��� ¥ ���  w"lo^Eq0g0k�_ t �/u � hf��loz&efk&Z0^ Y (�� J

� / Q � �:/ R + " , � � " � � 3 ��� ¥ �Ia  

àÌà Û�bdcIã�cUä



��� �����  ������ � �a���(� �
	 �N��� � ����� ���  ��
 �!�������a�

¨�Z]_Iz�_ �îemrE��ef��_InÂ�/u ��� ¥ ���  ¥Ç¦ n/k&z�l t g]wIefn0�Äk&Z]_°�Mlohfhml¤¨�efn0� z&ef��Z�k`efn/��_Iz�r�_��+ " 5 / �+ " '�)+*	lA�
+�5 / +`'�).*%�Kg]r�_ ��� ¥ $  iAn t ��� ¥ �  k�l`r�_"_Ãk&Z�iAk�+ �+ "Y/$ C  J

�+ " / '  R � " � � " 	 , * + " 3 ��� ¥ � P  
k&Z]_ t efz�_"wIk&emlon ��w�iAn��~_Ãz�_I¨�z&efk&k�_In

� / �Q � � ��3 ��� ¥ ���  
¨�Z]_Iz�_

�Q /UR��+ " , iAn t � �:/ R � " � 
 � ��� ¥ � $  
X loz&^3g0hji ��� ¥ ���  ��ef��_"r9i*r�_"w"lon t ¨Èi�u�lA� t _"w"lo^Eq~l�r&efn0���Ãefn	efk�r z�_"r&k�lozsiAk&emlon�iAn t ksiAn0��_In�k9r�k�_Iq]r ¥

( lon]r&e t _Iz�k&Z]_N^`_Iz&efk��Kg0n]wIk&emlon
��� '�).*0/2&('�).* ����Z�,U'�)+*XZ	�:3 ��� ¥ ���  

¨�Z]_Iz�_ Z K
Z	��emr	iAnRiAz&�0efk&zsiAz&u n]loz&^²lon 7 C iAn t �Âemr	i·q�l�r&efk&ef��_`q�_In�iAhfk¢u q�iAzsiA^`_Ik�_Iz ¥V] _
t _In]lok�_'��u Z\K]Z	
Rk&Z]_ t g�iAhÌn]loz&^ lA�&Z�K]Z	� µ ¨�Z0emw�Z¶emr t _ � n]_ t ��u

Z ��Z 
 / �
���4 > 4 ��� � � 	 � �
´ lok�_³k&Z�iAk�� � 	 ��� �UZ �\Z	��Z ��Z	
 ¥�¦ kÌemrAM=n]l�¨�n k&Z�iAk e­��'�) C 3�� C *Gemr�i r&k&z�lon0�*rslohfg0k&emlon lA� ��� ¥ �  iAn te­��� � Z � C Z	
 µ k&Z]_InY) C emr'i`r&k&z&emwIk*hml=w�iAh�^Eefn0ef^�g0^5lA� ��� �Kk&Z0emr*emr M/n]l¤¨�npior*k&Z]_	_Ux0iowIk&n]_"rsr
q0z�loq~_Iz&k¯u�lA�Pk&Z]_ q~_In�iAhfef£¤iAk&emlonæ��u ��� µ r�_"_ Jç�
P µ a�L���loz³_Ux]iA^Eq0hm_  ¥ YÌl���loz�w"_�w"lon/��_Iz&��_In]w"_'lA��iAn
iAhf��loz&efk&Z0^(g]r&efn0���¶ior3i°��ior&emwEr&k�_Iq µ efk'emrNr&ksiAn t iAz t k�l�w�iAz&z&uplog0k�i°hfefn]_U¬¢r�_�iAz�wsZÇiAk )RiAhmlon0�
k&Z]_ t efz�_"wIk&emlon�� µ ��loz�wIefn0�°k&Z]_ t _"wIz�_�ior�_ lA� � � ¥ Y[Z]_	q�iAzsiA^`_Ik�_Iz�� ¨�efhfh)��_�i t iAq0k�_ t iAk*rslo^`_
efk�_IzsiAk&emlon�k�l`_In]r&g0z�_Ãk&Z]_3_Ux0iowIk&n]_"r�r�lA� ��� ¥
Y[Z]_�¡/g]_"r&k&emlon©k�l M/n]l¤¨ ¨�Z]_Ik&Z]_Iz ��emr³i t _"rsw"_In�k t efz�_"wIk&emlon©lA� ��� iAk0)æemrÕ_Ux]iA^Eefn]_ t efn©k&Z]_

n]_Ux=kÕq0z�loq~l�r&efk&emlon ¥ Y[Z]_ _Ux=q0z�_"rsr&emlon�lA�Pk&Z]_ t efz�_"wIk&emlon�iAh t _Iz&ef�oiAk&ef��_ � - � '�)�� � *9^�iUM�_"rÕg]rs_�lA�Gk&Z]_
z�_ t g]w"_ t ��zsi t em_In/k 
 t _ � n]_ t ��u ��� ¥ �  iAn t k&Z]_3^�g0hfk&efq0hfem_Iz'_"r&k&ef^�iAk�_ � � µ ior�r�l=wIejiAk�_ t ¨�efk&Z«k&Z]_
z&ef��Z�k�efn/��_Iz�r�_ �+ "\J

� �V5 / R �+ " '�).* 	 � &('�).*.� ��� ¥ ���  � � ¿��9¿ �XWV�XW ¿IY	��
 � � �=�*�d� � � �! ��
� & ���
� , ����� �
� � ������� ��� ����� �?�
� )�� �  d��� ���  �� � �Y���!���Q		�
�����
�
���8�#�������U�
������� �
� )���� � � �U��� � � � � �! d� ���!�Q��	 �����
� � �
���U�a� � � ��� ¥ ���  � �

� - � '�)�� ��*�/UR 
 	 � 
 � � � 	 ,�R���Z�,�Z	��� ��� ¥ ���  

� �0� � �+� ���
��� �U�`� � ) � � �
��� � � �
��� ���
��� � ���
� � �UZ � ��Z 
 ��  �&��� ¥ c/efn]w"_[i�n]loz&^ emr � efq]r�w�Z0efk&£[w"lon�k&efn/g]log]r9iAn t Z�ior t efz�_"wIk&emlon�iAh t _Iz&ef��iAk&ef��_"r µ Z K Z	���#,9Z�ior
t efz�_"wIk&emlon�iAh t _Iz&ef��iAk&ef��_"r*iAn t k&Z]_Nw�Z�iAefn«z&g0hm_3iAq0q0hfem_"r:J 'CZ�K]Z	��� ,a* - '�)�� � *�/ 'CZ�K$Z	�8* - ' , � +2� * /

å@-)àÌåMÊ



���������
	��
�������������������������! #" ���

'CZ�K Z	��* - ' , �:R , *>/ R Z�,�Z	� ¥ Y[Z]_æhjior�k	_"¡/g�iAhfefk&em_"rEw"lo^`_°�Kz�lo^�k&Z]_©�ÏiowIk	k&Z�iAk � r4iAk&emr � _"r	k&Z]_
hfefn]_�iAz&ef£�_ t w"lon]r&k&zsiAefn/k�r�iAn t �Mz�lo^ k&Z]_���_Iz&u t _ � n0efk&emlonælA�Pi t efz�_"wIk&emlon�iAh t _Iz&ef��iAk&ef��_ ¥ Y[Z]_Iz�_U��loz�_

� - � '�)�� � * / � & 	 �5R���Z�,�Z	� �
� r�efn0� ��� ¥ ���  iAn t ��� ¥ ���  µ ¨È_'��_Ik ��� ¥ ���  ¥
c/g0q0q�l�r�_Ãn]l�¨$k&Z�iAk � �UZ � ��Z	
 ¥ � r�efn0� � � 	 , �UZ � � Z	
&Z�,�Z	� µ ¨³_Nlo�0ksiAefn

� - � '�)�� ��* � R 
 	 � 
 � 'CZ � � Z	
 R �8*XZ�, Z	� �<1��
¦ � � - � '�)�� � *?/ 1 µ efk �Mlohfhml¤¨�r`k&Z�iAk ,K/ 1 iAn t 
 	 � 
 / 1 ¥Ç¦ � � / 1«emrEr�_IkE��u � hf��loz&efk&Z0^
Y (�� µ � /  îiAn t k&Z]_Iz�_U��loz�_ 
 / 1 ¥¶´ l�¨ �*w�iAn0n]lok ��_ � 8 µ r&efn]w"_°lok&Z]_Iz&¨�emr�_©lon]_©¨³log0h tZ�i"��_ ���/ 1 �Mr�_"_æc/k�_Iq��¶lA� � hf��loz&efk&Z0^,Y (��  iAn t k&Z]_Iz�_U��loz�_ 
 �/ 1 �Mr&efn]w"_4,?/ 1  ¥ � g0k
¨�efk&Zîk&Z]_©r&k&z&g]wIk&g0z�_�lA� � iAn t k&Z]_E�ÏiowIk3k&Z�iAk,� H / � /OR 
 ¨�Z]_In , / 1 µ lon]_`¨³log0h t Z�i"��_

 	 � 
 � ' 
 	 �d* _�� ' � 	 � �d*0/ Z 
 Z�� � ' 
 	 � 
 * µ ¨�Z0emw�Z	¨³log0h t w"lon�k&zsi t emwIk k&Z]_Õ��iowIk�k&Z�iAk 
 	 � 
 / 1 ¥
H _In]w"_ )¶emr�r&ksiAk&emlon�iAz&u ¥
y�z�loq�l�r&efk&emlonî� ¥ �°r&Z]l�¨�rÃk&Z�iAkÃe­� �ÄemrÃhjiAz&��_IzÃk&Z�iAn k&Z]_ w"lo^Eq0g0ksiA�0hm_ k&Z0z�_"r&Z]loh t Z � � Z 
[µ k&Z]_

t efz�_"wIk&emlon � µ ¨�Z]l�r�_ ksiAn0��_In�k3w"lo^Eq�lon]_In�k3emr t _Ik�_Iz&^Eefn]_ t ��u � hf��loz&efk&Z0^(Y (�� µ emrNi t _"r�w"_In�k
t efz�_"wIk&emlon©lA� ��� ¥A] _�g]rs_�k&Z0emr��ÏiowIk9efn©rs_"wIk&emlon©�Ãk�l t _"r&ef��næiÃhfefn]_U¬¢r�_�iAz�wsZæiAhf��loz&efk&Z0^ µ efn`¨�Z0emw�Z
��� emr t _"wIz�_�ior�_ t iAk`_�iow�ZÂefk�_IzsiAk&emlon ¥C� _U�Mloz�_æk&Z0emr µ hm_IkEg]r`r&Z]l¤¨ Z]l�¨ � �§w�iAnÂ��_°w"lo^Eq0g0k�_ t
efn]_Ux=q�_In]r&ef��_Ihfu ¥

����� � � �
	��	
 � 
���� � ����
 �

� w"w"loz t efn0� k�l'��loz&^3g0hjior ��� ¥ ���  iAn t ��� ¥ � P  µ k&Z]_ t _ � n0efk&emlonælA� � �©efn���lohf��_"r[k&Z]_ ^�iAk&z&e­x � ¥ Y[Z0emr
^�iAk&z&e­xÄemr���loz&^`_ t ¨�efk&ZRk&Z]_æw"lono{�g0��iAk�_ t efz�_"wIk&emlon]r*� �°��_In]_IzsiAk�_ t �/u � hf��loz&efk&Z0^,Y (�� _ r�_"_
��� ¥ ���  ¥I] _ t l n]lok`¨ÈiAn/k�k�l r&k�loz�_�k&Z]_"r�_·��_"wIk�loz�r�loz�k&Z]_·^�iAk&z&e­x � µ Z]l¤¨³_I��_Iz µ r&efn]w"_�k&Z0emr
¨³log0h t �~_�efn©loq0q�l�r&efk&emlon°¨�efk&Z©k&Z]_ hml�¨ ^`_I^`loz&u`z�_"¡/g0efz�_I^`_In�k�lA�Pk&Z]_ (�� iAhf��loz&efk&Z0^ ¥9¦ nE�ÏiowIk µ
i¸wIhml�rs_Iz	hml=l�MÄiAk k&Z]_ t _ � n0efk&emlon�lA� � �Âr�Z]l�¨�r k&Z�iAk efk emr	r�gdW�wIem_In�kEk�lp_I�oiAhfg�iAk�_ R � 
 ¥ Y[Z0emr
��_"wIk�loz�emr�iAn¸iAq0q0z�l�x=ef^�iAk�_	r�lohfg0k&emlon¸lA� k&Z]_Ãhfefn]_�iAz�r&uvr&k�_I^

� �� /UR 
 3 ��� ¥ �v�  
lo�0ksiAefn]_ t �/u°g]r�efn0�`k&Z]_NrsiA^`_Nw"lono{�g0��iAk�_ t efz�_"wIk&emlon]r � ��iAn t k&Z]_Nr4iA^`_ H _"rsr&ejiAnv¬Ï��_"wIk�loz�q0z�l t ¬
g]wIk�r @	� / ���?� µ 
 /61�3������A3
� R 8 µ iorÕk&Z]l�rs_�g]r�_ t k�l	w"lo^Eq0g0k�_&��ior[iAnæiAq0q0z�l�x=ef^�iAk�_'rslohfg0k&emlonlA� ��� ¥ ���  ¥ Y[Z0emr�wIhjiAef^ ¨�efhfhÌ�~_'_�ior&u°k�l ��_Iz&e­�Mu©efn¶i	^`lo^`_In/k ¥
� hf��loz&efk&Z0^ Y (�� �*��_Ihml�¨�w"lo^Eq0g0k�_"r9k&Z0emr³iAq0q0z�l"xvef^�iAk�_�r�lohfg0k&emlon ��°lA� ��� ¥ �v�  �/u�g]r�efn0�'k&Z]_

��_"wIk�loz�r � � iAn t @ � efn©r�_"¡/g]_In]w"_ µ r�lNk&Z�iAkÕk&Z]_�w"lo^Eq0g0ksiAk&emlonæw�iAn���_�^�i t _�efn`q�iAzsiAhfhm_Ih�¨�efk&Z©k&Z]_
lon]_`lA��� µ ¨�efk&Z]log0k3Z�i"�=efn0�¸k�l�r&k�loz�_ k&Z]_"rs_E��_"wIk�loz�r ¥ Y[Z0emr	iAhf��loz&efk&Z0^²iAhmr�læn]_"_ t r3k�l·g0q t iAk�_
k&Z]_*iAq0q0z�l�x=ef^�iAk�_3r�lohfg0k&emlon���B�'iAn t k&Z]_*n]_I��iAk&ef��_Ãz�_"r&e t g�iAh�� �E� / RS' ����	� � 
 *Èior�r�l=wIejiAk�_ t ¨�efk&Z
��� ¥ �v�  ¥

�������! #" �#$&%('*),+�� J
� ¥ c=_Ik,� H /21EiAn t � H /�� ¥ c=_Ik �� H /21`iAn t � � H /UR 
 ¥

àÌà Û�bdcIã�cUä



��� �����  ������ � �a���(� �
	 �N��� � ����� ���  ��
 �!�������a�

� ¥�¦ � �>/21 µ r�_Ik��:/21EiAn t ��lEk�l�c/k�_Iq¸a ¥
� ¥ X loz-
 /21�3 8 3������ t lEk&Z]_*��lohfhml�¨�efn0� J� ¥ � ¥ c/k�loq¸k�lEefk�_IzsiAk�_3iAn t ��l k�l©c/k�_Iq¸aE¨�efk&Z.�A//
©e­� t _"r�efz�_ tG¥
� ¥ � ¥ ( lo^Eq0g0k�_3k&Z]_0
�k&Z¶w"lono{ªg0��iAk�_ t efz�_"wIk&emlon�J� � 5 /21 � H e­�#
 /21�3� � 465 784:9465 7<;>= 4 9 �?� " � e­�#
 � 8 �
� ¥ � ¥ ( lo^Eq0g0k�_A@ � / �.� � ¥
� ¥ a ¥�¦ � ��� ¥ ���  t l=_"r�n]lok�Z]loh tGµ k&Z]_In���l k�l°c/k�_Iq�aE¨�efk&Z.�(/C

� ¥ P ¥ ( lo^Eq0g0k�_3k&Z]_Nr&k�_Iq]r&ef£�_"rXJD � / Z?�3�]Z _

'�� � * 	 @ � iAn t �
D � / ' � �E�U*
	 �?�

'�� � * 	 @ � �
� ¥ � ¥ ( lo^Eq0g0k�_3k&Z]_'n]_I¨ efk�_IzsiAk�_"r� � 3 � / � � � D � � � iAn t �� � 3 � / �� � � �D � � �

iAn t k&Z]_'n]_I¨ n]_I��iAk&ef��_Nz�_"r&e t g�iAhmr� � 3 � / � � R D � @ � iAn t � � � 3 � / � � � R � D � @ � �
a ¥�¦ � � / 1�ksiUM�_ � / � µ _Ihmr�_NksiUM�_ �T/ � � µ iorÃiAq0q0z�l"xvef^�iAk�_Er�lohfg0k&emlonplA�$��� ¥ ���  ¥
¦ � �(/ 13ksiUM�_ �� /UR 
 µ _Ihmr�_ ksiUM�_ �� / �� � µ ior�iAq0q0z�l�x=ef^�iAk�_Nrslohfg0k&emlonælA� ��� ¥ �v�  ¥

¦ k�emr�n]lok t eGW�wIg0hfk�k�l�r�Z]l�¨ k&Z�iAk µ ior iAn0n]log0n]w"_ tGµ k&Z]_�iAq0q0z�l�x=ef^�iAk�_ r�lohfg0k&emlon ��«lA�$��� ¥ �v�  
w"lo^Eq0g0k�_ t ��u � hf��loz&efk&Z0^ Y (�� �Ew�iAn¸�~_Ã¨�z&efk&k�_In

��4/UR � 
 � ��� ¥ ���  
¦ n t _"_ tGµ e­� �:/21 µ�� hf��loz&efk&Z0^ Y (�� �NksiUM�_"r �� /UR 
 iAn t ��� ¥ ���  �Mlohfhml¤¨�r³r�efn]w"_ �Y/$ ¥ ¦ � � � 8 µ� hf��loz&efk&Z0^ Y (�� � ksiUM�_"r

�� / �� � / � " ���!� H �
D � � � / � " ���!� H ' � � � * 	 � �

'�� � * 	 @ � � � �
´ l¤¨ µ g]r&efn0��iAn¶iAz&��g0^`_In/k r&ef^EefhjiAz�k�l k&Z]_Nlon]_'efn·k&Z]_'q0z�l=lA� lA��y�z�loq�l�r&efk&emlon¶� ¥ � µ lon]_NZ�ior

'�� � * 	 � � � /UR '�� � * 	 ' ���� � � 
 *0/URS'�� � * 	 ��� � " �� � � H �
D � � � � RE'�� � * 	 
 / RS'�� � * 	 
 3

��uæw"lono{ªg0��iowIu·lA�!� ��iAn t � � ¥ Y[Z]_Iz�_U�Mloz�_
��4/UR�"$ � " ���!� H � � '�� � * 	

'�� � * 	 ��� �&%' 
 /UR � 

å@-)àÌåMÊ



���������
	��
�������������������������! #" ���

iAn t ��� ¥ ���  ��lohfhml�¨�r iA��iAefn ¥
X efn�iAhfhfu µ k&Z]_N^3g0hfk&efq0hfem_Iz'k&Z�iAk*emr g]r�_ t efn¶k&Z]_	iAhf��loz&efk&Z0^ ��loz*rs_Ik&k&efn0�©k&Z]_3hml�¨³_Iz'k&Z0z�_"r�Z]loh t

Z � � Z 
 ��loz�k&Z]_'q�_In�iAhfk¢uæq�iAzsiA^`_Ik�_Iz � �Mrs_"_Nr�_"wIk&emlon¸� ¥ �  emr�w"lo^Eq0g0k�_ t ��u
� �?/ R + " 	 ' � &4� , � " ��.*�3 ��� ¥ ���  

¨�Z]_Iz�_ ���emr n]l¤¨�k&Z]_ ���%� � � �
� " �
��� r�lohfg0k&emlon ��� ¥ ���  lA� ��� ¥ �v�  w"lo^Eq0g0k�_ t efn � hf��loz&efk&Z0^ Y (�� � ¥
´ lok�_�k&Z�iAk µ ¨�Z]_In �,emr*q�l�r&efk&ef��_ t _ � n0efk�_`iAn t �Z/ � " � µ � �pemrÃn]lok*k&Z]_ #*y ^�g0hfk&efq0hfem_Iz��6' ) µ
�0g0k�k&Z]_'^3g0hfk&efq0hfem_Iz*lA�)k&Z]_Nq0z�lo�0hm_I^

^Eefn � & 	 � ��� 89 � � 	 , � �
r ¥ k ¥ + � �0/21��

��� ¥ �Aa  

� n¸iAq0q0z�l�x=ef^�iAk&emlon«lA� � '*) w"log0h t iAhmr�l �~_'lo�0ksiAefn]_ t ��u
� '*) � � � R + " 	 , � " '���R ��+*��[+ " 	 , + " ,X�

Y[Z0emr iAq0q0z�l�x=ef^�iAk&emlon w"log0h t ��_'g]r�_U�Mg0hG��loz Y�} iAhf��loz&efk&Z0^`r µ �0g0k�¨³_	r&Z�iAhfhPn]lok n]_"_ t efk�efn¸k&Z]_
q0z�_"r�_In�k w"lon�k�_Uxvk ¥

� � �	
 
��������~���~�	� 
��	�1���~#�������8 
��·�)���*%�
 �~��
����)


Y[Z]_`l���_IzsiAhfh�iAhf��loz&efk&Z0^ �Mloz3rslohf�/efn0�¸y9z�lo�0hm_I^ ��� ¥ �  ��_In]_IzsiAk�_"rEi·rs_"¡�g]_In]w"_0: )�;*<=;?> H �/upk&Z]_
z�_"wIg0z&z�_In]w"_

)�; 3 � /6)(; ��� ; �%; 3
¨�Z]_Iz�_�k&Z]_ t efz�_"wIk&emlon �%;@� 7:9 emr t _Ik�_Iz&^Eefn]_ t �/u ��� ¥ ���  ¬ ��� ¥ � $  ior`efn§rs_"wIk&emlon � iAn t k&Z]_
r&k�_Iq]r&ef£�_�� ; � 1îemr t _Ik�_Iz&^Eefn]_ t ��u i hfefn]_U¬¢r�_�iAz�w�Z�iAhmlon0�5�%; lon k&Z]_�^`_Iz&efk©�Kg0n]wIk&emlon �����
t _ � n]_ t ��u ��� ¥ ���  ¥�¦ nÂk&Z0emr©r�_"wIk&emlon µ iAhfh�¡�g�iAn/k&efk&em_"r t _Iq�_In t efn0�îlon�k&Z]_�efk�_IzsiAk&emlon§efn t _Ux��
z�_"w"_Ief��_�iEr�g0�]r�wIz&efq0k	�IJ	� ;3��loz�� µ � � ; �Mloz�� � µ �a� 	 ¥ ] _�iAhmr�l`n]lok�_ , ; / ,U'�)(;�* µ � & ;S/ � &('�)(;�* µ

 ; / 
 '�)�;�* µ �a� 	 ¥
Y[Z]_�ksiAn0��_In�kÃq�iAz&k lA�9k&Z]_ t efz�_"wIk&emlon��%; t _Iq�_In t r*lon¶k&Z]_3n/g0^3��_Iz'lA� (�� efk�_IzsiAk&emlon]rÃq�_Iz�¬

�Mloz&^`_ t efn � hf��loz&efk&Z0^ Y (�� � ¥ ¦ n§k&g0z&n µ k&Z0emr t _Iq�_In t r°lon k&Z]_¶¡/g�ior&e­¬Ïn]_I��iAk&ef��_pwIg0z&��iAk&g0z�_
k&Z0z�_"r&Z]loh t � ; µ ¨�Z0emw�ZÇemr	iAhfhml¤¨³_ t k�l���iAz&up�Mz�lo^®efk�_IzsiAk&emlonRk�l�efk�_IzsiAk&emlon ¥ D n]_`¨³log0h t hfe^M�_�k�l
ksiUM�_ � ;[r&^�iAhfh�¨�Z]_InS)�;ÈemrÌwIhml�r�_�k�l i�r�lohfg0k&emlon	iAn t hjiAz&��_IzP�ÏiAz�i"¨[i"u ¥ Y[Z]_Õr&q�_"_ t lA�0w"lon���_Iz&��_In]w"_
t _Iq~_In t rNefn t _"_ t lon k&Z]_ q0z�_"wIemr&emlon ¨�efk&Zî¨�Z0emw�Zîk&Z]_`z�_ t g]w"_ t r&uvr&k�_I^ ��� ¥ ���  emrNr�lohf��_ t wIhml�rs_
k�l°k&Z]_Er�lohfg0k&emlon ¥ � z&�0efk&zsiAz&upr&^�iAhfh � ;0� 1æw�iAn q0z�_I��_In�k�w"lon/��_Iz&��_In]w"_ ¥ Y[Z]_Elon0hfu«w"lon t efk&emlon
z�_"¡�g0efz�_ t ��u°k&Z]_Nw"lon���_Iz&��_In]w"_�k&Z]_"loz&u©��_Ihml�¨ emr�k&Z]_Ã��lohfhml�¨�efn0� J


�
� e­�)�Mloz�rslo^`_Nr�_"¡/g]_In]w"_������S3k&Z]_Iz�_N_Uxvemr&k�r�� �<1Er&g]wsZ�k&Z�iAk µ ��loz�iAhfh������ µ Z�, ;NZ �6Z 
 ; Z � �@3
k&Z]_In µ k&Z]_Iz�_3_Ux=emr&k�r*P� �<1 r&g]wsZ�k&Z�iAk µ ��loz�iAhfh��?��� µ � ; � P� � ��� ¥ �
P  

X loz·_Ux0iA^Eq0hm_ µ k&Z]_«z&g0hm_ � ; ������� ' � - 3 � - - 'CZ�, ;NZ �6Z 
 ; Z�*Q* µ ¨�Z]_Iz�_ � - iAn t � - - iAz�_«q~l�r�efk&ef��_
w"lon]r&ksiAn�k�r µ rsiAk&emr � _"r�k&Z0emr ior�r&g0^Eq0k&emlon ¥

àÌà Û�bdcIã�cUä



�Ia �����  ������ � �a���(� �
	 �N��� � ����� ���  ��
 �!�������a�

y�z�loq�l�r&efk&emlonÄ� ¥ �æZ�ior�r&Z]l�¨�nîg]r'k&Z�iAk �%;°emr3i t _"r�w"_In�k t efz�_"wIk&emlonÇlA� ����� q0z�l¤�/e t _ t )(;©emr
n]lon]r&ksiAk&emlon�iAz&uÂiAn t �6; � Z
� �6; Z	
 ¥ YÌlp��_IkEw"lon���_Iz&��_In]w"_¸lA� k&Z]_·iAhf��loz&efk&Z0^ µ Z]l¤¨³_I��_Iz µ efk emr
n]_"w"_"r�rsiAz&u�k�l�ior�M¸r&hfef��Z�k&hfu¶^`loz�_Elonpk&Z]_ q~_In�iAhfk¯u¸q�iAzsiA^`_Ik�_Iz �6; ¥ ] _ � x«i°w"lon]r&ksiAn/k�P�5� 1
iAn t ior�r&g0^`_'k&Z�iAk


��� ���
��i  �Mloz�iAhfh�� µ �6; � Z � �/; Z	
��6P� µ
�K�  k&Z]_Iz�_N_Ux=emr�k�r�iAn·efn t _Ux � H'r&g]wsZ·k&Z�iAk:J

e­� � � � HNiAn t �/; " � � Z � �6; Z 
 � P� µ k&Z]_In �/; / �/; " � µ�Mw  e­� : �6;*<'emr���log0n t _ tGµ �6;Nemr�^`l t e � _ t�� n0efk�_Ihfu·lA�Mk�_In ¥ ��� ¥ ���  

( lon t efk&emlon]r%��i  ¬ �K�  ef^Eq0hfuEk&Z�iAk�iß�Kk�_Iz[i � n0efk�_�n/g0^3��_IzÈlA�Pefk�_IzsiAk&emlon]r µ : �6;*< emrÕn]lon t _"wIz�_�ior&efn0� ¥� u w"lon t efk&emlon �Mw  µ efn�k&Z]_���i���lozsiA�0hm_ w�ior�_�¨�Z]_In1: �6;*<*emr9��log0n t _ tGµ k&Z]_ ^`_Iz&efk9�Mg0n]wIk&emlon ����� emr
n]l hmlon0��_Iz�^`l t e­�Ku©�Mloz�hjiAz&��_Ãefk�_IzsiAk&emlon¶efn t emw"_"r µ r�l	k&Z�iAk�efk�emr iAhf¨Èi"uvr�k&Z]_3rsiA^`_*�Kg0n]wIk&emlon¸k&Z�iAk
emr t _"wIz�_�ior�_ t �Kk&Z0emr'emr�i4M�_Iu«q�loefn�k3k�l�Z�i"��_`w"lon/��_Iz&��_In]w"_  ¥ Y[Z]_"r�_Eq0z�loq�_Iz&k&em_"r�iAz�_`rsiAk&emr � _ tGµ
�Mloz _Ux0iA^Eq0hm_ µ ��u·k&Z]_ !pi"u=n]_3iAn t y�lohjiUMRJç���-L�g0q t iAk�_3z&g0hm_
�Kk&Z]_3w"lon]r�ksiAn�k 8 ��� emr���ef��_In¶k�l`��_r&q�_"wIe � w
_]iowIk&g�iAhfhfu µ iAn�uæw"lon]r&ksiAn/k � 8 emr�w"lon���_In0em_In�k  J

W�� �6; " � � Z � �/; Z	
��6P� ��� »#Y
�6;O/ �6; " �» 'V� »
�6;O/ ���
	 ' 8 ��� �6; " � 3 Z � �/;NZ 
 �6P�8*

»�Y À W��
� r�r&g0^`_`n]l¤¨ k&Z�iAk �6;·rsiAk&emr � _"r ��� ¥ ���  ¥ c/efn]w"_·iAkEi�n]lon]r�ksiAk&emlon�iAz&uîefk�_IzsiAk�_�)(; µ �%;æemrEi

t _"r�w"_In�k t efz�_"wIk&emlonÂlA� ����� µ lon]_°w�iAn t _Ik�_Iz&^Eefn]_·i¸r�k�_Iq]r&ef£�_ � ;�� 1¶r&g]w�ZÇk&Z�iAk k&Z]_ � ��" � � �
	����
�
�!��� ���

��� � '�)(; ��� ;��*;�* � ��� � '�)�;�* ��� � ; � - ��� '�)�;#3 �*;�* ��� ¥ �%$  
Z]loh t r ¥�¦ n ��� ¥ �%$  µ �Çemr�i	w"lon]r&ksiAn/k�w�Z]l�rs_In·efn�
 1�3 �_�� ¥�¦ næk&Z]_NiAhf��loz&efk&Z0^ µ � ;Nemr t _Ik�_Iz&^Eefn]_ t ��u
��iow�M=k&zsiow�M=efn0� ¥

] _�w�iAnÄn]l�¨ r&g0^E^�iAz&ef£�_©k&Z]_�l���_IzsiAhfh�iAhf��loz&efk&Z0^ �Mloz	r�lohf�/efn0�¶k&Z]_�_"¡/g�iAhfefk¢u w"lon]r&k&zsiAefn]_ t
q0z�lo�0hm_I^ ��� ¥ �  ¥

�������! #" �#$&%('���� � �MYPz&g0n]w�iAk�_ t c�#*y  J
� ¥ � � ����� ��� ��� ��������� ¥ c=_Ik �>/21 ¥ ( Z]l=l�r�_[iAn efn0efk&ejiAh/efk�_IzsiAk�_ '�)NH�3�� H *�� 7 9 ' 7 C iAn t
r�_Ik�k&Z]_Õw"lon]r&ksiAn/k�r � -�� 1 µ � - - �<1 �M¡�g�ior�e­¬Ïn]_I��iAk&ef��_³wIg0z&��iAk&g0z�_³w"lon]r�ksiAn�k�r  µ � �

 1�3 �_ � �Mr&hmloq�_�^`l t e � _Iz[efn©k&Z]_ � z&^Ee {�l	w"lon t efk&emlon  µ P� �<1��Kq~_In�iAhfk¯u�q�iAzsiA^`_Ik�_Iz
k&Z0z�_"r&Z]loh t  µ iAn t�� ��
 1�3 �_ 
 �K��iow�M=k&zsiow�M=efn0�©rsiß��_I��g�iAz t q�iAzsiA^`_Ik�_Iz  ¥

� ¥ X loz � /21�3 8 3 9 3������ t l k&Z]_Ã��lohfhml�¨�efn0� J� ¥ � ¥ � � ���%�
�!� ����� � � J³c/k�loq·e­�0, ; / 1EiAn t 
 ; /21 ¥

å@-)àÌåMÊ



���������
	��
�������������������������! #" � P

� ¥ � ¥ � ��� � 	���"��
�d� �
�����
� J
Á ( lo^Eq0g0k�_'k&Z]_'z�_"r&k�lozsiAk&emlon¸r�k�_Iq Q ; /UR + "; , ; ¥
Á }�g0n � hf��loz&efk&Z0^�Y (�� � t _"r�wIz&ef��_ t efn©rs_"wIk&emlon°� ¥ a µ ¨�efk&Z°i'¡/g�ior&e­¬Ïn]_I��iß¬
k&ef��_ÈwIg0z&��iAk&g0z�_[k&Z0z�_"r&Z]loh t � ; rsiAk&emr��Mu/efn0�Ãw"lon t efk&emlon ��� ¥ �
P  µ k�lÃw"lo^Eq0g0k�_
iAn�iAq0q0z�l"xvef^�iAk�_ r�lohfg0k&emlonG�(;ÃlA� ��� ¥ ���  iAn t iAn©iAq0q0z�l�x=ef^�iAk�_*r�lohfg0k&emlon
��(;3lA� ��� ¥ �v�  ¥

Á ( lo^Eq0g0k�_'k&Z]_'ksiAn0��_In�k*r&k�_Iq �"; /�� "; �(; ¥
Á ( lo^Eq0g0k�_'k&Z]_'k�loksiAhÌr&k�_Iq1�*;S/ Q ; � � ; ¥

� ¥ � ¥ � ���
���G� ���d�
� ��" �a���a� � � � ��� � � J
Á ( lo^Eq0g0k�_ � �/;���u ��� ¥ ���  ¥
Á ��q t iAk�_��/;	r&g]w�Z¸k&Z�iAk ��� ¥ ���  Z]loh t r ¥

� ¥ a ¥ � � �+� � �Q�
� 	� J
Á�c=_Ik � / 8 ¥Á ] Z0efhm_ � t l=_"r�n]lok rsiAk&emr��Mu � z&^Ee {�l0ÅÆr	efn]_"¡/g�iAhfefk¢u ��� ¥ �%$  µ ksiUM�_·i�n]_I¨
r&k�_Iq]r&ef£�_ �Äefn � � ��3 ' 8 R � * � 
 ¥Á�c=_Ik � ; / � ¥

� ¥ P ¥ � �!� �!�����Q�
��� � J[c=_Ik )(; 3 � / )(; ��� ;��*;	iAn t �6; 3 � /7�����; ¥
� _U�Mloz�_©q0z�l��=efn0�pk&Z]_���hmlo��iAh[w"lon���_Iz&��_In]w"_¸lA��k&Z0emr iAhf��loz&efk&Z0^ µ hm_Ik�g]r	^�iUM�_°r�lo^`_©lo�]rs_Iz�¬

�oiAk&emlon]r ¥'¦ n i�w"lon]wIz�_Ik�_ ef^Eq0hm_I^`_In/ksiAk&emlonîlA�³k&Z0emr'iAhf��loz&efk&Z0^ µ k&Z]_ r&k�loq0q0efn0�æk�_"r&kÃefn c/k�_Iq � ¥ �
r&Z]log0h t �~_�z�_Iq0hjiow"_ t ��upi�w"lon t efk&emlon wsZ]_"w�M=efn0�·k&Z�iAk , ;�iAn t 
 ;�iAz�_ r&gdW�wIem_In�k&hfu«r&^�iAhfh ¥'� hmr�l
efn¶c/k�_Iq¶� ¥ a µ k&Z]_'n]_I¨�r&k�_Iq]r�ef£�_Nw�Z]l�r�_In¸efn·k&Z]_'efn�k�_Iz&��iAh � � ��3 ' 8 R � * � 
 t g0z&efn0��k&Z]_'hfefn]_U¬¢r�_�iAz�w�Zr&Z]log0h t ��_ t _Ik�_Iz&^Eefn]_ t ��u	efn�k�_Iz&q�lohjiAk&emlon ¥9¦ n©c/k�_Iq�� ¥ P µ ¨È_�Z�i"��_�rs_Ik�k&Z]_[n]_I¨�^3g0hfk&efq0hfem_Iz �/; 3 �
k�l k&Z]_'hm_�ior&k�¬¢r�¡/g�iAz�_"r�^�g0hfk&efq0hfem_Iz � ���; 5 /UR + " 	; � & ;��
Y[Z]_`efn/k�_Iz�_"r&k�lA��k&Z0emr	w�Z]loemw"_©emrNk&Z�iAk3k&Z0emr�^3g0hfk&efq0hm_Iz _"r&k&ef^�iAk�_ t l/_"r3n]lok t _Iq�_In t lonÄrs_"w"lon t
t _Iz&ef�oiAk&ef��_"r ¥¶¦ nÇw"lon/k&zsior&k µ g]r&efn0� � �6;·loz4� '*); ^�i"u n]lok	�~_æiAhf¨Èi�u=r	�ÏiAefk&Zv�Mg0h t g0z&efn0�«k&Z]_ � z�r&k
efk�_IzsiAk&emlon]r�lA� k&Z]_3iAhf��loz&efk&Z0^ ¥

H _Iz�_æiAz�_°k&Z]_·ior�r&g0^Eq0k&emlon]r k&Z�iAk�iAz�_°n]_"w"_"r�r4iAz&uîk�l«Z�i"��_æ��hmlo��iAh�w"lon/��_Iz&��_In]w"_�lA� � hf��lA¬
z&efk&Z0^®Y�c�#*y ¥ Y[Z]_©w"lon���_Iz&��_In]w"_©q0z�l/lA� t l=_"r'n]lok3z�_"¡/g0efz�_Ek�l�Z�i���_ , ;?/ � _��� ^
'�)(; 3��/;
* µ r�lk&Z�iAk'k&Z]_Iz�_EemrÃn]l¸ior�r�g0^Eq0k&emlon]r'z�_IhjiAk�_ t t efz�_"wIk&hfupk�læk&Z]_Er�_"w"lon t t _Iz&ef��iAk&ef��_"rNlA� &ÇiAn t , ¥E¦ n
q0zsiowIk&emw"_ µ Z]l�¨³_I��_Iz µ k&Z0emr³emr³¨�Z]_In°r�_"w"lon t©t _Iz&ef�oiAk&ef��_"r�iAz�_ g]r�_ t k&Z�iAk � hf��loz&efk&Z0^ Y�c�#*yÇemr³k&Z]_
^`l�r&k�g]r�_U�Mg0h ¥
���¤��� � � �XW ¿IY ��� 

� '�� *³Y[Z]_��Mg0n]wIk&emlon]r &¶iAn t ,�iAz�_ w"lon/k&efn�g]log]r&hfu t eGF�_Iz�_In/k&ejiA�0hm_*¨�efk&Z � efq]r&¬
w�Z0efk&£Èw"lon�k&efn�g]log]r t _Iz&ef��iAk&ef��_"r ¥ '��:� *ÌY[Z]_9r�_"¡/g]_In]w"_"r : � "; < µ ::+ "; < µ : , ; < µ iAn t : � �/; <9��_In]_IzsiAk�_ t
��u � hf��loz&efk&Z0^ Y�c�#*y iAz�_'��log0n t _ tG¥
� � »�¿ � » �	� 
 � �
�=�%�N� � �4�! d�
� � �.� ��" �+������� ��
 � 8  ����^� � �  d���E�! d� � ��Aa� ���
	 �Y� ���N���
���G� � �d� �
� �
" � ����� � : �6;*< � � � � �
��� ���
��� � �a�
� � � ���<	a� ��� ��� � �G��� �#��
 �/; / � � � � �����a�! d����">�
�Q� : ��� '�)(;
*�<
� � �Q�����
�#��� �����^� � � �! d�a� �! N� � ��Aa� ���
	 � � : , ;*< ���
� : 
 ; < 	���� �U��� �#� � � 1 �
àÌà Û�bdcIã�cUä



��� �����  ������ � �a���(� �
	 �N��� � ����� ���  ��
 �!�������a�

�  �&��� ¥S] _ t _In]lok�_ ��u���� µ ��_ µ ����� q�l�r&efk&ef��_ w"lon]r&ksiAn�k�r ¥�� u ��� ¥ ���  ¬ �K�  iAn t k&Z]_	��log0n t ¬
_ t n]_"r�r�lA� : � �/; < µ : �6;*<'emr���log0n t _ tGµ Z]_In]w"_3r&ksiAk&emlon�iAz&u°�Mloz �©hjiAz&��_ �K�/u ��� ¥ ���  ¬ �Mw   ¥ Y[Z]_ � z�r&k
q�iAz&k�lA�)k&Z]_Nk&Z]_"loz�_I^ emr�q0z�l¤��_ tG¥
c/efn]w"_[�Mz�lo^ r�lo^`_[efn t _Ux µ rsi�u � H µ k&Z]_[q~_In�iAhfk¯u q�iAzsiA^`_Ik�_Iz�r��/; Z�i"��_�k&Z]_�w"lo^E^`lon`��iAhfg]_�� µ

k&Z]_ � z&^Ee {�l�efn]_"¡/g�iAhfefk¢u���� ¥ �%$  r&Z]l�¨�r�k&Z�iAk ��� '�)(;
* t _"wIz�_�ior�_"r ¥ Y[Z0emrÌr�_"¡/g]_In]w"_�emr)iAhmr�l���log0n t _ t
�~_Ihml¤¨ �K�/u·iorsr&g0^Eq0k&emlon  µ Z]_In]w"_3efk�w"lon���_Iz&��_"r ¥ Y[Z0emr ef^Eq0hfem_"r�k&Z�iAk � ; � - � '�)(; � �%;
*Èk�_In t r�k�l�1 µ
loz�_"¡�g0ef��iAhm_In�k&hfu �Kg]r�_3y�z�loq~l�r�efk&emlon¶� ¥ �`iAn t ��� ¥ ���  ¬ ��i   

� ; 
 	; �*; 
 ; ; 1 iAn t � ;�,�; ; 1�� ��� ¥ ���  
] _�q0z�l/w"_"_ t �/u¸w"lon�k&zsi t emwIk&emlonÄiorsr&g0^Eefn0�æk&Z�iAk*k&Z]_Iz�_	emr'iAnpg0n���log0n t _ t r&g0�]r�_"¡/g]_In]w"_ �

lA�)efn t emw"_"r	�·iAn t i q�l�r&efk&ef��_'w"lon]r&ksiAn�k �«r&g]wsZ�k&Z�iAk
Z 
 ;NZ �6Z�, ; Z � �@3 ��loz ����� ¥ ��� ¥ ���  � u¶w"lon t efk&emlon ��� ¥ �
P  µ k&Z0emrNef^Eq0hfem_"r'k&Z�iAk'k&Z]_Iz�_ emrNiæw"lon]r&ksiAn�kEP� � 1°r&g]w�Z k&Z�iAk � ; � P� µ ��loz�?��� ¥

� _Ik'g]rÃn]l¤¨ r&Z]l�¨ k&Z�iAk4: � ; <=;����§emrN�~log0n t _ t i�¨Èi"u«�Mz�lo^®� ¥�� u«k&Z]_ hfefn]_U¬¢r�_�iAz�w�Z �Ïc/k�_Iq
� ¥ a  µ ¨�Z]_In�� ;�� 8 µ k&Z]_Iz�_'emr�iEr&k�_Iq]r�ef£�_ P� ; ��
 1�3 8 
�r�g]w�Z�k&Z�iAk � ; � � � P� ;#3 ' 8 R � * P� ;

�iAn t

��� '�)(; � P� ;��*;�* � ��� '�)(;
*���� P� ; � - � '�)(; � �%;
*.�
� r�efn0�'k&Z]_�r&^`l/lok&Z0n]_"rsr9lA�.&·iAn t ,ÈiAn t k&Z]_È��iowIk9k&Z�iAk �%;*rsiAk&emr � _"r�k&Z]_[hfefn]_�iAz&ef£�_ t w"lon]r&k&zsiAefn�k�r µ
lon]_ÃZ�ior�r&g]w"w"_"r�r�ef��_Ihfu

&('�)(; � P� ; �%;
* / &('�)�;U*�� P� ;U& - '�)�;�* K �*; ���>' P� _; Z��*; Z _ *�3
,U'�)(; � P� ; �%;
* / ' 8 R P� ;
* ,U'�)(;
*�� � 'XP� _; Z��%; Z _ *�3

� � '�)(; � P� ; �%;
* � � � '�)(;
*�� P� ; � - � '�)(; � �%;�* ��� � P� _; Z��*; Z _ �
Y[Z]_Iz�_U�Mloz�_ ' � R 8 * � - � '�)(; � �%;
*��	� � P� ; Z��%; Z _ loz


 	; �*; 
 ; �6Z�, ; Z	���
��_ P� ; Z��%;NZ _ 3 ��� ¥ ���  
¨�Z]_Iz�_���_ /���� � 'Q' 8 R � * ��� � : 8 3 P� <-* ¥ �*r&efn0�EZ
� � ; '�� � ; *&	 Z / Z
� � ; Z _ iAn t '�� � ; *
	 � ; � � ; � P� Z
� � ; Z _ µ
lon]_ÃZ�ior[�Mz�lo^ y�z�loq�l�r&efk&emlon¶� ¥ �

Z �*;NZ � � �
	 "$ 8 3 � " ���!� H Z
� � ; '�� � ; * 	 Z
'�� � ; * 	 � ; � � ; %' � � �
	 + 8 3 )ER %

P� . �

H _In]w"_1: �*; <=;
����emr��~log0n t _ tG¥Y] efk&ZÇk&Z]_©�~log0n t _ t n]_"r�r lA��::+ "; <æiAn t : � "; < �K�/u � rsr&g0^Eqv¬
k&emlon]r�� ¥ �  µ k&Z]_3_Ux=q0z�_"r�r�emlon ��� ¥ �Ia  lA� �%;	u/em_Ih t r��%;S/��>'CZ � ����_; � ; Z �6Z�, ; Z	��* ¥Õ´ l�¨ µ k&Z]_ t _ � ¬
n0efk&emlon ��� ¥ ���  lA� � ; µ k&Z]_'�~log0n t _ t n]_"rsr�lA� : , ; <�iAn t : �*; <=;����Rq0z�l��=e t _ �*;S/��>'CZ � ����_; 
 ; Z �
Z�, ; Z	��* ¥�¦ n]_"¡/g�iAhfefk¢u ��� ¥ ���  k&Z]_In¸�~_"w"lo^`_"r


 	; �*; 
 ; �6Z�, ;NZ � �
��� P� ; ' 
 	; �*; 
 ; �<Z�, ;NZ _� *�3 ��loz �?���*�

å@-)àÌåMÊ



���������
	��
�������������������������! #" � $
� u ��� ¥ ���  µ � ;�, ; ; 1�iAn t k&Z]_Iz�_U�Mloz�_


 	; �*; 
 ;�� � � P� ; 
 	; �*; 
 ;#3d��loz	�©hjiAz&��_'efn�� �
Y[Z0emr'efn]_"¡/g�iAhfefk¢u r&Z]l¤¨�rNk&Z�iAk 
 	; �*; 
 ;�� 1æ¨�Z]_In � ; � 8 iAn t �¶emrNhjiAz&��_�_In]log0��Z efn � iAn tk&Z�iAk :IP� ;*<=;���� emrN��log0n t _ t i�¨Èi"up�Mz�lo^(£�_Iz�l ¥ c/efn]w"_ � ; � � P� ; µ : � ; <=;
��� emr�iAhmr�l·��log0n t _ t
i"¨[i"uæ�Mz�lo^ £�_Iz�l ¥0X z�lo^ ��� ¥ ���  


 	; �*; 
 ; ; 1 iAn t , ; ; 1�3 ��loz	�?��� � ��� ¥ �v�  
] _æn]l�¨ ¨ÈiAn�k©k�l r&Z]l�¨ k&Z�iAk 
 ; ; 1¶�Mloz � � � µ ¨�Z0emw�Z�¨�efhfh w"lon�k&zsi t emwIk ��� ¥ ���  iAn t

¨�efhfh9w"lon]wIhfg t _ k&Z]_ q0z�l/lA� ¥>D �]r�_Iz&��_ k&Z�iAk µ ¨�efk&Z k&Z]_ ��log0n t _ t n]_"r�rNlA� : , ; <�iAn t : � "; < µ k&Z]_
�Mloz&^�g0hji ��� ¥ ���  lA� �*;3q0z�l¤�/e t _"r


 	; �*; 
 ; � ' 
 	; � ;
* _
� 	; � ; � ; � � � ' 
 	; � ;�* _Z � ; Z _ 3 �Mloz �?� �*�

Y[Z]_[n�g0^`_IzsiAk�lozÈw�iAn`�~_È��log0n t _ t ��_Ihml�¨ ior ��lohfhml�¨�rXJ ' 
 	; � ;U* _ / � R Z 
 ;NZ _ � � 'CZ 
 ; Z�Z�, ; Z�* 
 _ /
Z 
 ; Z � � �>'CZ 
 ; Z � Z�, ; Z�*=� � 'CZ 
 ;NZ _ Z�, ; Z _ * � �_ Z 
 ; Z � R � � Z 
 ; Z _ Z�,�; Z _ ¥AX loz k&Z]_ t _In]lo^Eefn�iAk�loz µ¨³_'g]rs_Ãk&Z]_'g0q0q~_Iz���log0n t JDZ � ; Z _ � 9 Z 
 ;NZ _ ������Z�, ; Z _ ¥ Y[Z]_Iz�_U�Mloz�_


 	; �*; 
 ; � �_ Z 
 ; Z _ R � � Z�,�; Z _9 ������'CZ�,�;NZ _ � Z 
 ;NZ _ * 3 �Mloz �?� �*�
Y[Z0emr�efn]_"¡/g�iAhfefk¢u�iAn t ��� ¥ �v�  ef^Eq0hfuæk&Z�iAk 
 ; ; 1	�Mloz �?� � ¥
� � �	�5
 �����)
��·
)+'2©
 ���s�5
�� ��#

� hf��loz&efk&Z0^ Y�c�#*yÇZ�iorÕ��_"_In�ef^Eq0hm_I^`_In/k�_ t efn X loz&k&zsiAnv¬ $ $ µ ¨�efk&Zær�lo^`_ i t0t efk&emlon�iAh�Z]_Ig0z&emr&k&emw"r ¥
Y[Z]_�z�_"r&g0hfk&efn0� w"l t _�emr t _In]lok�_ t ��u��	��

����_Ihml�¨ ¥�¦ n�k&Z0emrÈr�_"wIk&emlon µ ¨³_ z�_IhjiAk�_�log0z[_Ux=q�_Iz&ef^`_In�k�r
¨�efk&Z`k&Z0emrÕw"l t _ ¥�� wIk&g�iAhfhfu µ ����

�3emrÕq�iAz&kÕlA�Ìi'��_In]_IzsiAh�q0g0z&q~l�r�_�loq0k&ef^Eef£¤iAk&emlon°r�lA�Mk¢¨[iAz�_ µ w�iAhfhm_ t
����������� µ ¨�Z0emw�ZÂw�iAnÂiAhmr�l t _�iAhÈ¨�efk&ZÄefn]_"¡/g�iAhfefk¢uÄw"lon]r&k&zsiAefn�k�r ¥ Y[Z0emr�hjiAk&k�_Iz	r�lA�Mk¢¨[iAz�_°¨�efhfh³��_
q0z�_"r�_In�k�_ t efn¶i��Mloz&k&Z]w"lo^Eefn0�©q�iAq~_IzSJf�Ia�L ¥ Y[Z]_NwIg0z&z�_In�k ��_Iz�r&emlon¸lA� k&Z]_Nr�lA�Mk¢¨ÈiAz�_Nemr�� ¥ ��i ¥

D n]_9lA�0k&Z]_ÕiAef^`r)lA�=k&Z]_"rs_9_Ux=q�_Iz&ef^`_In�k�r�emrPk�l�^�iUM�_³i�w"lo^Eq�iAz&emr�lon��~_Ik¯¨³_"_In	k&Z]_Õr&ef^Eq0hm_³iAn t
B�_Ux=ef�0hm_	hfefn]_U¬¢r�_�iAz�wsZÄiAq0q0z�l�iow�ZÄef^Eq0hm_I^`_In�k�_ t efn��	��

�¸iAn t k&Z]_	z�lo�0g]r&k µ �0g0k'^`loz�_Ew"lo^Eq0hm_Ux µ
k&z&g]r&k9z�_I��emlon �MY�}  k�_"wsZ0n0em¡�g]_ ¥0X lozÕk&Z0emr9z�_�iorslon µ ¨³_�Z�i"��_ w�Z]l�r�_In°k�lNw"lo^Eq�iAz�_��	��

�3¨�efk&Z©k¢¨³l
lok&Z]_Iz*Y�} w"l t _"r:J��
��� ��iAnp_"¡/g�iAhfefk¢u¸w"lon]r&k&zsiAefn/k*rslohf��_Iz Jf���UL  iAn t�� � �"!�#�$ �&%9_Iz�r&emlonR� ¥ ��� µ iAn
_"¡�g�iAhfefk¯u�iAn t efn]_"¡�g�iAhfefk¯u�w"lon]r&k&zsiAefn�k*r�lohf��_IzSJ $ µ � µ �Aa
L  ¥
�	��� � � ����� 
���� ��� � � 
('�� 
 � � 
��

D g0z���_In]w�Z0^�iAzQMÂemr`�Mloz&^`_ t lA�Niîr&g0�]r�_Ik�lA�'k�_"r&k�¬Ïq0z�lo�0hm_I^`r©�Mz�lo^1k&Z]_ � � ��� w"lohfhm_"wIk&emlon Jç�UL
iAn t r�lo^`_'efn t g]r�k&z&ejiAh­¬Ïz�_�iAh­¬Ïhfe­�M_�k�_"r&k�¬Ïq0z�lo�0hm_I^`r*q0z�l��=e t _ t �/u*),+�+ " � �& µ i hm_In]r�^�iAn/gv��iowIk&g0z&efn0�
w"lo^Eq�iAn�u �Mr�_"_EiAhmr�læefnIJf� $-L0\�lon]r�r�lonPÅÆr'w"lon/k&z&ef�0g0k&emlonîk�læk&Z0emrNiAq0q0hfemw�iAk&emlon  ¥ � hfh)k&Z]_Ers_Ihm_"wIk�_ t

àÌà Û�bdcIã�cUä



��� �����  ������ � �a���(� �
	 �N��� � ����� ���  ��
 �!�������a�

q0z�lo�0hm_I^`r t _�iAh�¨�efk&Z�_"¡�g�iAhfefk¯uÄw"lon]r&k&zsiAefn/k�loq0k&ef^Eef£¤iAk&emlon ¥ Y[Z]_·w"l t _"r Z�i���_æ�~_"_InRz&g0nÂlon§i
� | ( ¬¯iAhfq0Z�i`y ] cdP���� q0hjiAk���loz&^ µ g0n t _Iz�k&Z]_ � n0e­x·loq~_IzsiAk&efn0��r�u=r&k�_I^ ¥

] _'w"lo^Eq�iAz�_Ãk&Z]_'r�lohf��_Iz�r������ µ � � �"!�#�$ µ iAn t ����
(� µ k&Z0z�log0��Z�k&Z]_Iefz � ���)� ����" ���
	 � �
�Q� � � � �Iµ
i w"lon]w"_Iq0k�efn/k&z�l t g]w"_ t ��u � lohjiAn¶iAn t !«loz � Jf���UL ¥0X loz�k&Z]_'z�_�i t _Iz�ÅÆr w"lon/��_In0em_In]w"_ µ ¨È_'�0z&em_CB]u
r&g0^E^�iAz&ef£�_«Z]_Iz�_¸k&Z]_TM�_Iu�q�loefn�k�rælA�3k&Z0emræw"lo^Eq�iAz&emr�lon q0z&efn]wIefq0hm_ ¥ X loz·iî��ef��_In w"lohfhm_"wIk&emlon
lA��k�_"r&k�¬Ïq0z�lo�0hm_I^`rEiAn t i�wsZ]l�r�_InÇq~_Iz���loz&^�iAn]w"_©wIz&efk�_Iz&emlon �Mr&g]wsZÇior�k&Z]_`n�g0^��~_Iz lA���Mg0n]wIk&emlon
_I�oiAhfg�iAk&emlon]r µ loz���zsi t em_In�kE_I��iAhfg�iAk&emlon]r µ �a� 	  µ i·��zsiAq0ZÇemr t zsi�¨�nR¨�efk&ZÇi�wIg0z&��_©z�_IhjiAk&efn0�«k&Z]_
_�W�wIem_In]wIuîlA��_�iow�ZRr�lohf��_Iz	¨�efk&Zîz�_"r&q�_"wIk�k�l¸k&Z]_�lok&Z]_Iz lon]_"r ¥VX loz _Ux]iA^Eq0hm_ µ k&Z]_ � z�r&k���zsiAq0Z
efn � ��g0z�_Ea ¥ �Ew"lo^Eq�iAz�_"r'k&Z]_ z�_IhjiAk&ef��_Eq�_Iz��Mloz&^�iAn]w"_�lA���
��� µ � � ��!�#�$ µ ����

� µ iAn t �	��
(��� ��#����
�Ka°wIg0z&��_"r _�k&Z]_	w"l t _ ����
(��� ��#	��� emr t _"r�wIz&ef��_ t ��_Ihml�¨  µ ¨�Z]_In lon]_	w"lon]r&e t _Iz�rÃk&Z]_	n�g0^��~_IzNlA�
�Kg0n]wIk&emlonR_I��iAhfg�iAk&emlon]r ior	k&Z]_�q~_Iz���loz&^�iAn]w"_æwIz&efk�_Iz&emlonÂiAn t lon]_©g]r�_"r	i¶r&g0�]r�_Ik	lA��k&Z]_ �������
w"lohfhm_"wIk&emlon iorE��_In]w�Z0^�iAzQM ¥2D n0hfuÇk&Z0z�_"_���iowIk�r`n]_"_ t k�l ��_ M�_Iq0k`efn�^Eefn t k�l Z�i"��_¶i ��l/l t
efn�k�_Iz&q0z�_IksiAk&emlon lA�*k&Z]_"rs_·wIg0z&��_"r �V��loz�ipq0z�_"wIemr�_ t _ � n0efk&emlon§lA�Ãk&Z]_�wIg0z&��_"r µ r�_"_·k&Z]_·loz&ef��efn�iAh
q�iAq~_IzSJf����L  J
Á§k&Z]_·��iAhfg]_æ��ef��_In���uÂipwIg0z&��_¸iAk�iA�]r�wIemrsrsi �«emrEk&Z]_æq�_Iz�w"_In�ksiA��_¸lA�Ãk�_"r&k�¬Ïq0z�lo�0hm_I^`r©lon
¨�Z0emw�Z¶k&Z]_'w"loz&z�_"r&q�lon t efn0�©w"l t _Ãemr�k&Z]_'��_"r&k _

Á§k&Z]_æ��iAhfg]_æ��ef��_InÂ��uÂi¶wIg0z&��_¶iAkEk&Z]_æz&ef��Z�k&^`l�r&k©iA�]rswIemr�rsi¶emr k&Z]_æq~_Iz�w"_In/ksiA��_�lA� k�_"r�k�¬
q0z�lo�0hm_I^`r'k&Z�iAk'k&Z]_Ew"loz&z�_"r&q�lon t efn0��w"l t _	w�iAn rslohf��_ �Kk&Z0emrÃemrÃefn t _Iq~_In t _In/k3lA�³k&Z]_ q�_Iz�¬
��loz&^�iAn]w"_NwIz&efk�_Iz&emlon¸efn�w"lon]r&e t _IzsiAk&emlon  _

Á§^`loz�_���_In]_IzsiAhfhfu µ i[q�loefn�kÌlA��i[wIg0z&��_Õ¨�efk&Z3w"l/loz t efn�iAk�_"r ' ��3�� * � � 1�3��
	 � ' � 1�3 8 
�q0z�l¤�/e t _"rk&Z]_È��lohfhml�¨�efn0�'efnv��loz&^�iAk&emlon�J�k&Z]_Èn/g0^3��_IzÕlA��k�_"r&k�¬Ïq0z�lo�0hm_I^`r��Mloz ¨�Z0emw�ZEk&Z]_[q�_Iz���loz&^�iAn]w"_
lA��k&Z]_�w"loz&z�_"r�q~lon t efn0�pw"l t _�emr3n]_I��_Iz�¨³loz�r�_©k&Z�iAn 9�� k&ef^`_"r3k&Z]_©q�_Iz��Mloz&^�iAn]w"_°lA��k&Z]_
��_"r&kÈw"l t _�emr�iN�KzsiowIk&emlon
�·lA��k&Z]_�k�loksiAh�n�g0^��~_Iz�lA�Ìk�_"r�k�¬Ïq0z�lo�0hm_I^`r _vk�l3k&Z0emrÈz�_"r&q�_"wIk µ k&Z]_
zsiAn0��_NlA� �oiAhfg]_"r�ksiUM�_In���u��Äefn¸i	q�iAz&k&emwIg0hjiAz���zsiAq0Z�emr�^`_�iAn0efn0�o�Kg0h ¥

] efk&Z·q�_Iz���loz&^�iAn]w"_'q0z�l � hm_"r µ k&Z]_'z�_IhjiAk&ef��_3_�W�wIem_In]wIuælA��_�iow�Z¶w"l t _3iAq0q�_�iAz�r�iAk i	��hjiAn]w"_ J9k&Z]_
Z0ef��Z]_Iz�emr�i	q�iAz&k&emwIg0hjiAz*wIg0z&��_'k&Z]_'��_Ik&k�_Iz�emr�k&Z]_Nw"loz&z�_"r&q�lon t efn0�©r�lohf��_Iz ¥

] _�Z�i���_ t zsi"¨�næk&Z]_"r�_�q�_Iz���loz&^�iAn]w"_ q0z�l � hm_"r³��loz t _"r�wIz&ef�0efn0�	k&Z]_ �~_IZ�i��/emloz[lA�G�Mlog0z[w"l t _"r:J
�
��� µ � � �"!�#	$ µ ����
(� µ iAn t ����
(��� ��#	��� ¥�� hmr�l µ ��log0zÈq�_Iz���loz&^�iAn]w"_'wIz&efk�_Iz&eji	Z�i"��_Ã��_"_Inærs_Ihm_"wIk�_ tGµ
¨�Z0emw�Z�hm_�i t r`k�l«�Mlog0z`��zsiAq0Z]r`q~_IzE��_In]w�Z0^�iAzQM
J·k&Z]_·n/g0^3��_Iz�lA� �Mg0n]wIk&emlon§_I��iAhfg�iAk&emlon]r µ k&Z]_
n�g0^��~_Iz�lA�)��zsi t em_In�k*_I�oiAhfg�iAk&emlon]r µ k&Z]_Ãn/g0^3��_Iz lA� H _"r�r�ejiAnv¬Ï��_"wIk�loz�q0z�l t g]wIk�r � _��� ^
'�)(; 3��6;�* � µiAn t k&Z]_ ( y � k&ef^`_ ¥
¦ nÄloz t _Iz	k�l¸^�iUM�_©k&Z]_©w"lo^Eq�iAz&emrslonÄ^`_�iAn0efn0�o�Mg0h µ k&Z]_°rsiA^`_�r&k�loq0q0efn0� wIz&efk�_Iz&emlonÇemr3g]rs_ t

efnîiAhfh9k&Z]_`w"l t _"r ¥ Y[Z]_`log0k�_Iz3efk�_IzsiAk&emlon]r	iAz�_`r�k�loq0q~_ t iAkNk&Z]_�wIg0z&z�_In�k3q�loefn�k�'�)(; 3��/;
**e­�[k&Z]_
�Mlohfhml¤¨�efn0��w"lon t efk&emlon]r Z]loh t J

Z � ^
'�)(; 3��6;�*XZ�� � �

�
�Ka ¥ ���  

Z�,U'�)�;�*XZ � � � 9 3 �Ka ¥ ���  
¨�Z]_Iz�_��

�
iAn t � 9 iAz�_�q~l�r�efk&ef��_`k�lohm_IzsiAn]w"_"r µ ¨�Z0emw�ZÇ^�i"u t _Iq~_In t lonîk&Z]_`k�_"r�k3q0z�lo�0hm_I^`r iAn t

¨�efhfhG�~_'r�q~_"wIe � _ t ��_Ihml�¨ ¥

å@-)àÌåMÊ



���������
	��
�������������������������! #" ���

�	� � � � �	� � � 
�� � �

YPz&g]r&kÃz�_I��emlon w"l t _"r hfe^M�_ �����¶iAn t � ����!�#	$ Z�i"��_	��_"_In t _I��_Ihmloq~_ tpt g0z&efn0��r�_I��_IzsiAh u�_�iAz�r ¥ Y�l
Z�i"��_3i`w�Z�iAn]w"_Nk�l`�~_'w"lo^Eq�_Ik&efk&ef��_3¨�efk&Z¸k&Z]_I^ µ k&Z]_NrQM�_Ihm_Ik�lon � hf��loz&efk&Z0^ Y�c�#*y�n]_"_ t r�rslo^`_
Z]_Ig0z&emr&k&emw"r ¥(] _ �0z&em_CB]u t _"r�wIz&ef��_�Z]_Iz�_Ãr�lo^`_*lA�Ìk&Z]l�r�_ k&Z�iAkÈZ�i"��_*�~_"_In°ef^Eq0hm_I^`_In�k�_ t efn �	��
(� µ
k�l©_In0z&emwsZpk&Z]_3��ior&emw iAhf��loz&efk&Z0^ µ iAn t k&Z�iAk*w"lon/k&z&ef�0g0k�_Er&ef��n0e � w�iAn�k&hfu¶k�l°k&Z]_�_�W�wIem_In]wIu«lA�9k&Z]_
r�lohf��_Iz ¥� � » ��WK�XW ¿NY ��� Wj� » � W ¿IY � ¿ �E��� »���� WV� » �ß�v�XW ¿NY �
|Õiow�Z (�� efk�_IzsiAk&emlon¸z�_"¡/g0efz�_"r�i H _"r�r&ejiAnv¬Ï��_"wIk�loz�q0z�l t g]wIk � _��� ^
'�)�3�� * � ¥ Y[Z0emr�^�i�u°��_NiAn¸_Ux=¬q~_In]r�ef��_�loq~_IzsiAk&emlon©��lozÕhjiAz&��_�q0z�lo�0hm_I^`rÈ¨�Z]_In©k&Z]_ H _"r�r&ejiAn©lA�Gk&Z]_ � iA��zsiAn0��ejiAnæemr9n]lok³wsZ]_�iAq0hfu
i"��iAefhjiA�0hm_ ¥9¦ n©loz t _Iz[k�l�i���loe t k�l�^�iUM�_'iNhjiAz&��_ n�g0^��~_Iz�lA� (�� efk�_IzsiAk&emlon]r�iAk[_�iow�Zælog0k�_Iz[efk�_Iz�¬
iAk&emlon µ k&Z]_�z�_ t g]w"_ t r�u=r&k�_I^ ��� ¥ ���  emrÕrslohf��_ t ¨�efk&Z°hml�¨ iow"wIg0zsiowIu°iAk9k&Z]_ � z�r�kÕlog0k�_Iz³efk�_IzsiAk&emlon]r
iAn t q0z�lo��z�_"r�r&ef��_Ihfuæ^`loz�_'q0z�_"wIemr�_Ihfu�ior�k&Z]_3log0k�_Iz�efk�_IzsiAk&emlon�efn t _Ux �©efn]wIz�_�ior�_"r ¥

����
(�EZ�ior�r�_I��_IzsiAhP¨Èi�u=r lA�)w"lon/k&z�lohfhfefn0�©k&Z]_Ãq0z�_"wIemr&emlon¸k�l ¨�Z0emw�Z¸k&Z]_Ãhfefn]_�iAz r&u=r�k�_I^ ��� ¥ ���  
Z�ior�k�lE��_Nr�lohf��_ t ��u (�� efk�_IzsiAk&emlon]r ¥ YÌl`��_Ik�k&Z]_Nz�_"r&g0hfk�r�q0z�_"r�_In�k�_ t �~_Ihml¤¨ ´ ior&ZPÅÆr�r�k�loq0q0efn0�
z&g0hm_ Jç���UL~Z�iorÕ��_"_In�g]rs_ t J � hf��loz&efk&Z0^ Y (�� �Nemr³efn�k�_Iz&z&g0q0k�_ t efn�c/k�_Iq°� ¥ �ÃiAkÕefk�_IzsiAk&emlon 
 � 8 e­�

� � " �; R � � ;
R � � ; � 
 � ���	�; 3

¨�Z]_Iz�_
� � ; /UR�� 	; � � � 89 ' � � * 	 � ;�� �

emrNk&Z]_��oiAhfg]_°iAkA� � lA��k&Z]_�¡/g�i t zsiAk&emw©^`l t _Ih[ior�r�l=wIejiAk�_ t ¨�efk&Z ��� ¥ ���  iAn t � �	�; � 
 1�3 8 � emr iq0z�_"wIemr&emlon�k&Z0z�_"r&Z]loh tG¥
( hm_�iAz&hfu µ ��� ¥ ���  emrÈrslohf��_ t ¨�efk&Z·iNZ0ef��Z]_Iz�iow"wIg0zsiowIu©¨�Z]_In � ���; emr[r&^�iAhfhm_Iz ¥ Y[Z]_ n�g0^��~_Iz�lA�

(�� efk�_IzsiAk&emlon]rÃemr k&Z]_Inpw"lon�k&z�lohfhm_ t �/u � ���; µ ¨�Z0emwsZ emr g0q t iAk�_ t ��u«i�z&g0hm_	g]r&efn0�°k&Z]_�r&k�_Iq]r�ef£�_� ; " � lA�Ìk&Z]_�q0z�_I�=emlog]r�log0k�_Iz[efk�_IzsiAk&emlon·k�l t _"wIe t _Ã¨�Z]_Ik&Z]_Iz�i�Z0ef��Z]_Iz[q0z�_"wIemr&emlonæemr t _"r&efzsiA�0hm_'iAkk&Z]_'wIg0z&z�_In�k*log0k�_Iz�efk�_IzsiAk&emlon ¥�H _Iz�_Ãemr�k&Z]_'z&g0hm_Ã��loz�g0q t iAk&efn0��� �	�; ¥
W�� �>/ 8 ��� »�Y� ���; / 8 1 " �» 'V� »
W�� � ; " � / 8 ��� »#Y� ���; / � �
	 ' 8 1#"�
�3 �_ � ���; " � *» 'K� »
� ���; / ����� ' 8 1#" � 3 9 � ���; " � *»�Y À W��

»�Y À W��
� � Y À�'�W Y�
 YÌ»�
 �v�XW�� » �"�Ì���0�v���Ì� » À WK� » ���XW ¿NY �
����
(� t l=_"r*n]lok'ef^Eq0hm_I^`_In�k	iAn/u¶r�loq0Z0emr�k&emw�iAk�_ t k�_"w�Z0n0em¡/g]_	�Mloz t _�iAhfefn0��¨�efk&Z n]_I��iAk&ef��_ �Kz�_"r�q ¥
¡�g�ior�e­¬Ïn]_I��iAk&ef��_  wIg0z&��iAk&g0z�_3w"lono{�g0��iAk�_ t efz�_"wIk&emlon]r µ ¨�Z0emw�Z iAz�_'k&Z]l�r�_ t efz�_"wIk&emlon]r � � ; ��loz�¨�Z0emw�Z
àÌà Û�bdcIã�cUä



��� �����  ������ � �a���(� �
	 �N��� � ����� ���  ��
 �!�������a�

'�� � ; *
	 � ;?� � ; emrNn]_I��iAk&ef��_ �Kz�_"r&q ¥ iAhf^`l�r&k�n]_I��iAk&ef��_  ¥ Y[Z]_�w"l t _Ã{ªg]r�k t emr�w�iAz t rNk&Z]_I^ ��upefn�k�_Iz�¬
z&g0q0k&efn0�Ek&Z]_ (�� efk�_IzsiAk&emlon]r ior[efn � hf��loz&efk&Z0^ Y (�� � µ ¨�efk&Z¸i�k&Z0z�_"r&Z]loh t � ;
�Mrs_"_���� ¥ ���  � k&Z�iAk
emr[^�iAefn�ksiAefn]_ t � xv_ t k�l`i r&^�iAhfhP��iAhfg]_ ¥

� » � ¿NY À ¿ �ßÀ » �©� ¿ �A� » ���XW ¿NY
� r�efn0�Äk&Z]_«n]lon t eGFG_Iz�_In�k&ejiA�0hm_ ^`_Iz&efk°�Mg0n]wIk&emlon ��� ¥ ���  w�iAn i-FG_"wIkæk&Z]_ w"lon���_Iz&��_In]w"_ zsiAk�_plA�
� hf��loz&efk&Z0^(Y�c�#*y �K�0g0k*n]lok'efk�rÃw"lon/��_Iz&��_In]w"_  ��_"w�iAg]r�_	g0n0efkNr&k�_Iq]r&ef£�_"r'w�iAnp�~_	z�_ª{&_"wIk�_ tG¥3¦ n
loz t _Iz�k�l'i"��loe t k&Z0emr�q0Z]_In]lo^`_In]lon µ M/n]l¤¨�n�ior k&Z]_ !«iAzsiAk�l�r�_�FG_"wIk Jf���-L µ ¨³_[Z�i���_[ef^Eq0hm_I^`_In�k�_ t
i r�_"w"lon t loz t _Iz�w"loz&z�_"wIk&emlon �Mr�_"_*��loz�_Ux0iA^Eq0hm_ Jç�
P µ a�L  ¥
}�_"w�iAhfhGk&Z]_Nn]loksiAk&emlon·�Mloz�k&Z]_Ãz�_"r&k�lozsiAk&emlon µ ksiAn0��_In/k µ iAn t k�loksiAhÌr�k�_Iq]r�iAk�efk�_IzsiAk&emlon �IJ

�Q ; / R �+ "; ,U'�)(;
*�3 � �"; / R � "; �*; 
 ;#3 iAn t �*;S/ � Q ; � � � ;#�
Y[Z]_[q~l�r�efk&ef��_�w"lon]r&ksiAn�k������*��_Ihml�¨§emr�efn0efk&ejiAhfhfuEr�_Ik�k�l������ 5 /21�� 8 Z �Q H]Z._ � Z � �LH]Z._ µ ¨�Z]_Iz�_ � Q H�iAn t� � H*iAz�_*k&Z]_�efn0efk&ejiAhGz�_"r&k�lozsiAk&emlon�iAn t ksiAn0��_In�k�r�k�_Iq]r ¥�¦ kÈemr[iAhmr�l	g0q t iAk�_ t iAk[r�lo^`_*efk�_IzsiAk&emlon]r[��u
i	z&g0hm_'k&Z�iAk�emr[n]lok�_"rsr�_In�k&ejiAhPk�l�r&q~_"wIe­�Mu�Z]_Iz�_ ¥

W�� ��� � '�)(; �5�*;�* � ��� � '�)�;�* ��� � - ��� '�)(; � �%;�* ��� »#Y
)�; 3 � 5 /6)(; �5�%;

» 'V� »
W�� Z �Q ; Z._ �
�����NZ � �"; Z._ ��� »#Y
� ; 5 / R �+ "; ,U'�)(; �5�*;�*
W�� ��� � '�)�; �5�*; � � ;
* � ��� � '�)(; �5�%;
* ��� »�Y
t l©iAn¸iAz�wU¬¢r�_�iAz�w�ZpiAhmlon0� � 
; )(; ��� �%; ��� _ � ;

» 'K� »
t l©i	hfefn]_U¬¢r�_�iAz�w�ZpiAhmlon0� � 
; )(; ��� �%;

»�Y À W��
» 'K� »
t l©i	hfefn]_U¬¢r�_�iAz�w�ZpiAhmlon0� � 
; )(; ��� �%;

»�Y À W��
»�Y À W��

Y[Z]_Èhfefn]_U¬¢r�_�iAz�w�Z�lozÕiAz�wU¬¢rs_�iAz�w�Z � z�r&k k&z&em_"r � / 8 ¥ ¦ ��k&Z0emr�r&k�_Iq]r&ef£�_ t l=_"r n]lok hm_�i t k�lNi t _"wIz�_�iors_lA�³k&Z]_E^`_Iz&efkÃ�Mg0n]wIk&emlon µ k&Z]_�r&k�_Iq]r&ef£�_ emrÃz�_ t g]w"_ tGµ g]r&efn0��rsiß��_I��g�iAz t _ t efn�k�_Iz&q�lohjiAk&emlon ¥�¦ k'w�iAn
�~_'r�Z]l�¨�n�k&Z�iAk�¨�efk&Z¸k&Z0emr�k�_"w�Z0n0em¡/g]_ µ k&Z]_Ãg0n0efk�r�k�_Iq]r&ef£�_'emr�iow"w"_Iq0k�_ t ior�u/^Eq0k�lok&emw�iAhfhfu ¥

� � Y 
�»�Y ���
	 � � � � » � ¿NY À WV�XW ¿NY W Y�
 � �	��

��� ��#�� �
� n0emw"_©�M_�iAk&g0z�_ælA� �	��

�pemr�efk�rEiA�0efhfefk¯uÄk�l¶g]r�_ �¯wIg0z&�oiAk&g0z�_ 
°efnv�Mloz&^�iAk&emlonR�Mz�lo^�k&Z]_�z�_ t g]w"_ t
H _"rsr&ejiAn`iAk9q0z�_I�/emlog]r9efk�_IzsiAk&emlon]rÕk�l*��loz&^�i*q0z�_"w"lon t efk&emlon0efn0�	^�iAk&z&e­x	��loz9r�lohf�=efn0�'^`loz�_�zsiAq0e t hfu
k&Z]_�z�_ t g]w"_ t r&uvr&k�_I^`r ��� ¥ ���  iAn t ��� ¥ �v�  iAk�k&Z]_¸wIg0z&z�_In/kæefk�_IzsiAk&emlon ¥ Y[Z0emr�efnv��loz&^�iAk&emlon emr
w"lohfhm_"wIk�_ tît g0z&efn0�¶k&Z]_ (�� efk�_IzsiAk&emlon]r µ g]r&efn0��k&Z]_ � X!� c¶��loz&^3g0hji ¥ Y[Z0emrNemrN¡/g0efk�_`r&ef^EefhjiAz3k�l
k&Z]_�iAq0q0z�l�iow�ZRq0z�loq�l�r�_ t efn Jç���UL �Mr�_"_�iAhmrslRJf� P-L³¨�Z]_Iz�_�k&Z]_©iAq0q0z�l�iowsZÄemr3g]r�_ t k�l¶iow"w"_Ihm_IzsiAk�_

å@-)àÌåMÊ



���������
	��
�������������������������! #" �v�

´ _I¨�k�lonPÅÆrÈ^`_Ik&Z]l t ¨�efk&Z0efn°k&Z]_*Y�} �MzsiA^`_I¨³lozQM°iAn t Jf���UL~��loz[i�w"lon���_Iz&��_In]w"_Ãq0z�l=lA�Ìefn°k&Z]_*Y�}
w"lon�k�_Uxvk  ¥:] _'z�_U��_Iz�k�lEk&Z0emr�k�_"wsZ0n0em¡�g]_	ior�k&Z]_ � ��� � ��� ��� 	 
 � �
���Q	���� ���!��� ��� �!� � ¥

D n]_`i t ��iAn�ksiA��_`lA�Èhfefn]_U¬¢r�_�iAz�w�ZÄiAhf��loz&efk&Z0^`r µ l���_Iz'k&Z]_EY�}�iAq0q0z�l�iow�Z µ emrÃk&Z]_Iefz3iA�0efhfefk¢u«k�l
g]r�_	ksiAn0��_In�k � X&� c�q0z�_"w"lon t efk&emlon0efn0� µ ¨�efk&Z]log0kNefn]wIz�_�ior&efn0�·efk�r'w"lo^Eq0hm_Uxvefk¢u ¥ Y[Z0emrÃk�_"wsZ0n0em¡�g]_
emr*^`loz�_ t eGW�wIg0hfkNk�l°ef^Eq0hm_I^`_In�kN¨�efk&Z Y�} µ ¨�Z]_Iz�_ k&Z]_ q0z�_"w"lon t efk&emlon0efn0�¸emrÃ^�i t _ k&Z0z�log0��ZÄi
^`l t e � w�iAk&emlon¶lA�)k&Z]_'k&z&g]r�k�z�_I��emlon]r ¥ c/efn]w"_'k&Z]_Ãg0q t iAk�_ t ^�iAk&z&e­x�lon0hfu©efn/k�_Iz&��_In]_"r�efn·k&Z]_NksiAnv¬
��_In�k q�iAz&k�lA��k&Z]_[r&k�_IqEiAn t q0z�l¤�/e t _"r n]l*efnv��loz&^�iAk&emlon`lon�Z]l¤¨Âk�l�q0z�_"w"lon t efk&emlon�k&Z]_Õz�_"r&k�lozsiAk&emlon
q�iAz&k µ ksiAn0��_In�k � X&� c�q0z�_"w"lon t efk&emlon0efn0� r&g0����_"r&k�r k�l'^`l t e­�Ku�k&Z]_	�¢ksiAn0��_In�k³k&z&g]r&k�z�_I��emlon 
�¨�efk&Zv¬
log0k[i-FG_"wIk&efn0�	k&Z]_�z�_I��emlonæw"lon�k&z�lohfhfefn0�Ek&Z]_��Kg0hfh�r&k�_Iq ¥ Y[Z]_ÃiAhf��loz&efk&Z0^ Z�iorÕk&Z]_In°k�l�w"lon/k&z�loh�k¢¨³l
k&z&g]r&kÕz�_I��emlon]r µ ¨�Z]l�r�_*w"lon]r&emr&k�_In]wIuEemr³^`loz�_ t eGW�wIg0hfk[k�l3^�iAefn�ksiAefn �Mr�_"_ Jf� $ L��Mloz³^`loz�_ t _IksiAefhmr  ¥

] _	Z�i"��_ t _In]lok�_ t �/u ����
(��� ��#	��� µ k&Z]_���_Iz�r�emlonplA������
(�æk&Z�iAk'g]r�_"r*ksiAn0��_In�k � X!� c¸q0z�_U¬
w"lon t efk&emlon0efn0� ¥VX g0hfh � X&� cpg0q t iAk�_"r iAz�_`q�_Iz��Mloz&^`_ tG¥4] _©r&Z�iAhfh³r�_"_`k&Z�iAk�k&Z0emr�w"l t _�emrN��_Iz&u
_�W�wIem_In�k*lon·k&Z]_ ) +"+ "����! q0z�lo�0hm_I^`r ¥
�	�)( � ����

� � � 
('���� ����
 � ������� ��

��� �

¦ n k&Z0emr·r�_"wIk&emlon µ ¨³_pq0z�_"r�_In/k·k&Z]_«n�g0^`_Iz&emw�iAhNz�_"r&g0hfk�r·lo�0ksiAefn]_ t ��u§z&g0n0n0efn0� ����� µ�� � �"!�#�$ µ
iAn t �	��

�Çlon r�lo^`_¶k�_"r&k�¬Ïq0z�lo�0hm_I^`r°�Mz�lo^7k&Z]_ ������� w"lohfhm_"wIk&emlon ¥ Y[Z]_"rs_¸Z�i���_¶��_"_In ��ef��_In
��uÂk&Z]_ �¯r�_Ihm_"wIk&emlon ��iowIefhfefk¯u 
¶¨�efk&Z k&Z]_¸��lohfhml�¨�efn0�Rz&g0hm_"r:Jpk&Z]_¶n�g0^3��_Iz�lA�N��iAz&ejiA�0hm_"r©emr � x0_ t
�~_Ik¯¨³_"_In ��iAn t �����¸iAn t k&Z]_En�g0^��~_Iz	lA��w"lon]r�k&zsiAefn�k�r�emr � x0_ t �~_Ik¯¨³_"_In ��iAn t ����� ¥ Y[Z]_In µ
���
Ppk�_"r&k�¬Ïq0z�lo�0hm_I^`r �V�Kz�lo^ iow�i t _I^Eemw µ ^`l t _Ihfefn0�î_Ux0_Iz�wIemr�_"r°iAn t z�_�iAh�hfe­��_�w�ior�_"r  Z�i���_·��_"_In
r�_Ihm_"wIk�_ tG¥)´ _Uxvk µ ¨È_9Z�i"��_ t emr�w�iAz t _ t k&Z]_Õq0z�lo�0hm_I^`rÌ¨�efk&Z�efn]_"¡�g�iAhfefk¯uNw"lon]r&k&zsiAefn�k�r �Kk&Z]_Õrs_Ihm_"wIk&emlon
��iowIefhfefk¯u t l/_"r3n]lok3lUFG_Iz3k&Z]_`q�l�r�r&ef�0efhfefk¯upk�l¸r�_Ihm_"wIk	_"¡�g�iAhfefk¯u w"lon]r&k&zsiAefn]_ t q0z�lo�0hm_I^`r t efz�_"wIk&hfu  
iAn t k&Z]l�rs_�¨�efk&Z!% � ) �	� #�
 �
����� µ 
�#�$�� !�� µ ��� � !�#�$����  ¥OX efn�iAhfhfu µ ¨È_�Z�i���_	n]lok*w"lon]r&e t _Iz�_ t
k&Z]_3q0z�lo�0hm_I^`r'�Mloz*¨�Z0emw�Z k&Z]_ \�iow"lo�0ejiAn lA�Õk&Z]_	w"lon]r&k&zsiAefn/k�r'Z�ior*n]lok �Mg0hfh zsiAnNM¶iAkÃk&Z]_	efn0efk&ejiAh
q~loefn/k � ��� ��� !	��# µ ��� � #�!�� µ �	� � #�!�� µ � � ��� µ ��� ��!�� µ ��� ��!�� µ ��� �"!� µ ��� ��!�! iAn t �  �����"� ����  µ
r&efn]w"_ �	��

�æemr�q0z�_"r�_In/k&hfu¸n]lok t _"r&ef��n]_ t �Mloz*r�lohf�=efn0�©k&Z0emrOM=efn t lA�9q0z�lo�0hm_I^`r ¥Ã� r���loz�q0z�lo�0hm_I^
� � ����� ����� µ efk�¨[ior�n]lok�q~l�r�r�ef�0hm_'k�l`Z�i���_Nk&Z]_'z�_"r&g0hfk�r ��_"w�iAg]r�_NlA�Õi z&g0n0n0efn0�©_Iz&z�loz µ iAq0q�_�iAz�_ t
iAhmr�l©¨�Z]_In g]r&efn0� � � �"!�#�$ iAn t ����� ¥�� hfk&Z]log0��Z ¨³_	Z�i"��_ efn/��_"r&k&ef��iAk�_ t lon«k&Z0emr µ ¨³_	Z�i���_ n]lok
�~_"_In3iA�0hm_9k�l � n t i[z�_I^`_ t u ¥ Y[Z�g]rÌefkPz�_I^�iAefn]r����[k�_"r�k�¬Ïq0z�lo�0hm_I^`rP¨�Z0emw�Z iAz�_���ef��_InNefnNksiA�0hm_9a ¥ � µ
k�lo��_Ik&Z]_IzN¨�efk&Z k&Z]_Iefz t ef^`_In]r&emlon]rXJ )ÂemrÃk&Z]_En�g0^��~_Iz	lA�³��iAz&ejiA�0hm_"r�iAn t %±emr'k&Z]_ n/g0^3��_Iz�lA�
_"¡�g�iAhfefk¯u·w"lon]r&k&zsiAefn�k�r ¥
Y[Z]_ q�l�r&efk&ef��_ k&Z0z�_"r&Z]loh t r'g]r�_ t efn k&Z]_�r&k�loq0q0efn0�·k�_"r&k�r �Ka ¥ ���  iAn t �Ka ¥ ���  iAz�_�r�_IkÃefn k&Z]_

k&Z0z�_"_Ew"l t _"rÃk�l �
�
/ � 9 / 8 1 "�
o¥	� hmrsl µ ¨³_ t _"wIhjiAz�_`i©�ÏiAefhfg0z�_	lonîi©k�_"r&k�¬Ïq0z�lo�0hm_I^®¨�Z]_In k&Z]_

r&k�loq0q0efn0�`k�_"r&k�r�w�iAn0n]lok��~_'r4iAk&emr � _ t efn·hm_"r�r�k&Z�iAnÄ� P����	�Kg0n]wIk&emlon¶_I�oiAhfg�iAk&emlon]r ¥
X ef��g0z�_¸a ¥ �«��ef��_"r°k&Z]_«q~_Iz���loz&^�iAn]w"_«q0z�l � hm_"rælA� �
��� µ�� � �"!�#	$ µ �	��
(� µ iAn t �	��
(��� ��#���� µ

w"lo^Eq�iAz&efn0� k&Z]_°n�g0^3��_Iz`lA���Mg0n]wIk&emlonÂw�iAhfhmr µ ��zsi t em_In/k`w�iAhfhmr µ iAn tIH _"r�r&ejiAnv¬Ï��_"wIk�loz q0z�l t g]wIk�r ¥
] _ t lÄn]lokæw"lo^Eq�iAz�_¶k&Z]_«w"l t _"r°lon k&Z]_ ( y �(k&ef^`_ µ r�efn]w"_¸k&Z0emrælon]_¶emr©g]r�g�iAhfhfu§r�lîr�^�iAhfh
k&Z�iAk�efk�r���iAz&ejiAk&emlon¶�Kz�lo^ z&g0n¶k�lEz&g0n¸^�iUM�_"r r&g]w�ZpiEw"lo^Eq�iAz&emr�lon«^`_�iAn0efn0��hm_"r�r ¥ Y[Z]_3rs_Ihm_"wIk�_ t
q0z�lo�0hm_I^`r�Z�i"��_�r�lo^`_Ik&ef^`_"r�ior�^�iAn/u·w"lon]r&k&zsiAefn�k�r*ior��oiAz&ejiA�0hm_"r ¥:] Z]_In�r�g]w�Z�emr[k&Z]_Nw�iors_ µ k&Z]_
z�_ t g]w"_ t r&q�iow"_*emrÈlA� t ef^`_In]r&emlon�)GRE% / 1	iAn t k&Z]_Iz�_*emrÈn]l H _"r�r�ejiAnv¬Ï��_"wIk�loz�q0z�l t g]wIk�r ¥�� r�i
z�_"r&g0hfk µ k&Z]_�q�_Iz���loz&^�iAn]w"_Ãq0z�l � hm_"rÈw"lo^Eq�iAz&efn0�Ek&Z]_*n/g0^3��_Iz�lA� H _"rsr&ejiAnv¬Ï��_"wIk�loz[q0z�l t g]wIk�rÈ¨³_Iz�_
^�i t _Nlon¸i r&g0�]r�_Ik lA�)k&Z]_'r�_Ihm_"wIk�_ t q0z�lo�0hm_I^`r ¥

àÌà Û�bdcIã�cUä



��� �����  ������ � �a���(� �
	 �N��� � ����� ���  ��
 �!�������a�

0 1 2 3 4 5
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
TSQP vs. Knitro vs. ETR on function calls (CUTE collection)
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TSQP vs. Knitro vs. ETR on gradient calls (CUTE collection)
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TSQP vs. Knitro vs. ETR on Hessian−vector products (CUTE collection)
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TSQP vs. ETR on function calls (Essilor problems)
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TSQP vs. ETR on gradient calls (Essilor problems)
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TSQP vs. ETR on Hessian−vector products (Essilor problems)
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TSQP vs. ETR on CPU times (Essilor problems)

TSQP+prec
TSQP
ETR

X ef��g0z�_Na ¥ �]J�y�_Iz���loz&^�iAn]w"_3q0z�l � hm_"r lA� �����æiAn t ����
(��lon·k&Z]_ ) +�+ " � �& q0z�lo�0hm_I^`r

àÌà Û�bdcIã�cUä



��� �����  ������ � �a���(� �
	 �N��� � ����� ���  ��
 �!�������a�

� � ���	�)����#������

Y[Z0emrÃq�iAq~_IzÃZ�iorÃq0z�_"r�_In/k�_ t iAn _Ihm_I^`_In�ksiAz&upk&z&g0n]w�iAk�_ t c�#*y iAq0q0z�l�iowsZ ��lozÃrslohf�/efn0�·_"¡/g�iAhfefk¢u
w"lon]r&k&zsiAefn]_ t loq0k&ef^Eef£¤iAk&emlon q0z�lo�0hm_I^`r ¥�´ lon]w"lon/��_Ux=efk¯u§emr t _Ik�_"wIk�_ t �/u�w"lono{ªg0��iAk�_¶��zsi t em_In�k
efk�_IzsiAk&emlon]r©lon§k&Z]_�hfefn]_�iAz©r�u=r&k�_I^,�Mloz&^`_ t ¨�efk&Z§k&Z]_·z�_ t g]w"_ t H _"rsr&ejiAn§lA�'k&Z]_ � iA��zsiAn0��ejiAn ¥
Y[Z]_�w"lon/��_Iz&��_In]w"_ElA�9k&Z]_	iAq0q0z�l�iowsZpemrÃiAn�iAhfu=£�_ tG¥OX g0z&k&Z]_Iz&^`loz�_ µ n�g0^`_Iz&emw�iAh9_Uxvq~_Iz&ef^`_In/kÃZ�ior
r&Z]l�¨�nRk&Z�iAk efk�r _�W�wIem_In]wIuÄemr w"lo^Eq�_Ik&efk&ef��_æ¨�efk&ZRk&Z]_©k&z&g]r�k	z�_I��emlon�iAq0q0z�l�iowsZ µ _Ux0w"_Iq0k ¨�Z]_In
k&Z]_Eq0z�lo�0hm_I^`r�q0z�_"r�_In�k	r&efn0��g0hjiAz&efk¢u efnîk&Z]_ \�iow"lo�0ejiAnRlA�[k&Z]_�w"lon]r&k&zsiAefn�k�r ¥?] Z]_Inîk&Z]_`rslohf��_Iz
g]r�_"r[iNksiAn0��_In/k � X&� c`q0z�_"w"lon t efk&emlon0efn0� µ efk�rÕz�_I^�iAzQM�iA�0hm_'_�W�wIem_In]wIu`k�l	r�lohf��_ rslo^`_ efn t g]r�k&z&ejiAh
efhfh­¬¢w"lon t efk&emlon]_ t q0z�lo�0hm_I^`r�Z�ior���_"_In t _I^`lon]r&k&zsiAk�_ tG¥
Y[Z]_`iAhf��loz&efk&Z0^®w�iAn lon0hfu � n t r&ksiAk&emlon�iAz&upq~loefn/k�r µ r&efn]w"_ efk t emrsw�iAz t r'n]_I��iAk&ef��_`lozN¡/g�ior&e­¬

n]_I��iAk&ef��_ÃwIg0z&�oiAk&g0z�_ t efz�_"wIk&emlon]r ¥0X lozÈg]r�efn0�	k&Z]_"rs_ t efz�_"wIk&emlon]r�_�W�wIem_In/k&hfu µ iAn t k&Z]_Iz�_U�Mloz�_*��_Iefn0�
iA�0hm_�k�l � n t q~loefn/k�r©r4iAk&emr��Ku=efn0� k&Z]_¶r�_"w"lon t loz t _Iz°w"lon t efk&emlon]r°lA�Nloq0k&ef^�iAhfefk¯u µ efk�¨Èlog0h t ��_
n]_"w"_"r�rsiAz&upk�l¸r�k&g t u � z�r�k3k&Z]_�w"loz&z�_"r�q~lon t _In]w"_©�~_Ik¯¨³_"_InÇn]_I��iAk&ef��_©wIg0z&��iAk&g0z�_ t efz�_"wIk&emlon]r���loz
k&Z]_�ksiAn0��_In/k�¡�g�i t zsiAk&emw*q0z�lo�0hm_I^ iAn t n]_I��iAk&ef��_'wIg0z&�oiAk&g0z�_ t efz�_"wIk&emlon]rÈ��loz³k&Z]_*^`_Iz&efkÈ�Mg0n]wIk&emlon
��� µ q0z�l¤�/e t _ t lon]_Nw�iAn·��ef��_3iEr�_In]rs_Ãk�l k&Z0emr�hjiAk&k�_Iz�n]lok&emlon�¨�Z]_In ��� emr�n]lon t eGFG_Iz�_In�k&ejiA�0hm_ ¥

� 
�!"
 ��
��	��
�#

Jf��L`\ ¥ Y ¥�� _Ik&k�r �������v�  ¥ � � �#	 ����	 ����� �a�! �� � � � ����� �+��� " ��� � ��� ���Q����� � �!� � � �
� � �!� �Q�
�>� �Q� �
���Q��" " � � � ¥ c ¦¯� ! ¥

Jç�-L�y ¥ Y ¥ � lo����r µ \ ¥ ] ¥ YÌlohfhm_ �������
P  ¥ c=_"¡/g]_In�k&ejiAhÈ¡�g�i t zsiAk&emw©q0z�lo��zsiA^E^Eefn0� ¥·¦ n � 	 � � � � �
" ������	��
	��
�
� µ q�iA��_"r3�4Á�Pv� ¥ ( iA^3�0z&e t ��_ ��n0ef��_Iz�r&efk¯u·y�z�_"r�r ¥

Jç�-L ¦U¥ � lon0��iAz&k&£ µ��	¥ } ¥ ( lon0n µo´�¥Æ¦U¥ ! ¥ � log0h tGµ y�Z ¥ �Õ¥ YÌloefn�k �������
P  ¥!( �*Y�| J ( lon]r&k&zsiAefn]_ t iAn t
g0n]w"lon]r&k&zsiAefn]_ t k�_"r&k&efn0� _In��=efz�lon0^`_In�k ¥ � � � � �Q��� � �#	 �����
� � �����T���! d��" �
��� 	����
� � �a�
�����Q� µ
�v� µ �����¤Á������ ¥

J a�L`\ ¥�X[¥!� lon0n�iAn]r µ \ ¥ ( Z ¥ � efhf��_Iz&k µ (*¥ � _I^�iAz � w�Z�iAh µ (*¥ cviA��ior&k&ef£��A��iAh �������v�  ¥ � � " ������	 ���
� � ���!" ��� ����������� �  d�Q�����a��� 	����S���
� � �Q��	 ��� 	���� � � �N�Q	 � �I¥ c/q0z&efn0��_Iz %9_Iz&hjiA� µ0� _Iz&hfefn ¥ �Kk�l
iAq0q�_�iAz  ¥

J[P-L�} ¥�H	¥ � u=z t �������%$ µ !pi"u  ¥ }�lo�0g]r�k�k&z&g]r&k z�_I��emlon`^`_Ik&Z]l t r)��loz9w"lon]r&k&zsiAefn]_ t loq0k&ef^Eef£¤iAk&emlon ¥
Y[Z0efz t c ¦ª� ! ( lonv�M_Iz�_In]w"_�lon D q0k&ef^Eef£¤iAk&emlon µ
H log]r&k�lon µ Y�� ¥

Jç�-L�} ¥�H	¥ � u/z tGµ \ ¥ ( Z ¥�� efhf��_Iz&k µ \ ¥Õ´ l/w"_ t iAh����������  ¥ � k&z&g]r&k©z�_I��emlon§^`_Ik&Z]l t ��ior�_ t lon
efn�k�_Iz&emloz q~loefn/k�k�_"wsZ0n0em¡�g]_"r��Mloz�n]lon0hfefn]_�iAz q0z�lo��zsiA^E^Eefn0� ¥ �T�
�! d��" �
��� 	����.� �Q�����Q��" " �!� � µ
��� µ �Ia��¤Á����
P ¥

J $ L�} ¥�H	¥ � u=z tGµ ! ¥ | ¥ H z&ef��iAz µ \ ¥�´ l/w"_ t iAh ���������  ¥�� n¸efn/k�_Iz&emloz*q�loefn�kÃiAhf��loz&efk&Z0^ �Mloz hjiAz&��_
r�w�iAhm_Ãn]lon0hfefn]_�iAz q0z�lo��zsiA^E^Eefn0� ¥ � � ��� ����� ���
���A����� � ���!" � � �
��� ��� µ � µ �%$ $�Á=����� ¥

Jç�-L �9¥�( Z�iAg0�/em_Iz ���������  ¥ � ��" " ���
� ��� �+��� " ��� � ��� � � ���!� � �+��� � ���T�
���!� � � ���Q	 � ���
��� ���!� ��� �I¥
Y[Z]\"r�_ t _ t l=wIk�lozsiAk µ � n0ef��_Iz�r&efk � y iAz&emr ¦ �My)iAn/k&Z � lonv¬ªc=loz&�~lon0n]_  ¥

å@-)àÌåMÊ



���������
	��
�������������������������! #" �%$
Jç�-L �9¥ ( Z�iAg0�/em_Iz µ �E¥ � iA^3u µ \ ¥ ( Z ¥ � efhf�~_Iz&k µ�´	¥ y�emwsZ]lon ���������  ¥ D q0k&ef^�iAhÃw"lon�k&z�loh'lA��i
t _"_Iqv¬Ïk�l�¨È_ t ��_IZ0emwIhm_ �/u«loq0k&ef^Eef£¤iAk&emlon k�_"wsZ0n0em¡�g]_"r ¥	¦ n � �Q� 	 ���Q�
� � � � � �>�! d� � � � � � � � �
� ��� � �������
	 ��� � 	 ����� � � ����� � � � 	 �.� 	 �Q���
	 � µ q�iA��_"rN�����AaAÁ�������� ¥

Jf���-L �	¥ } ¥ ( lon0n µ�´�¥>� log0h tGµ y ¥ �9¥ YÌloefn�k ���������  ¥ � ��� � ����� � ��� ��� � �a�! �� � �I¥ !«y³c
	�c ¦¯� ! c=_Iz&em_"r
lon D q0k&ef^Eef£¤iAk&emlon ¥ c ¦¯� ! iAn t !«y³c ¥

Jf����L�} ¥ c ¥ � _I^3��l µ Y ¥ c/k�_IefZ�iAg0� ���������  ¥ YÌz&g0n]w�iAk�_ t ¬ ´ _I¨�k�lon iAhf��loz&efk&Z0^`ræ��loz©hjiAz&��_U¬¢r�w�iAhm_
g0n]w"lon]r&k&zsiAefn]_ t loq0k&ef^Eef£¤iAk&emlon ¥ �T�
�! N��" �
����	 ��� � �Q�����Q��" " � � � µ ��� µ �����¤Á=�v��� ¥

Jf���-L�| ¥ � ¥ � lohjiAn µ \ ¥ \ ¥ !¶loz � �������v�  ¥ � _In]w�Z0^�iAzQM=efn0�«loq0k&ef^Eef£¤iAk&emlonÂr�lA�Mk¢¨[iAz�_`¨�efk&ZÄq~_Iz���loz�¬
^�iAn]w"_Eq0z�l � hm_"r ¥ Y�_"w�Z0n0emw�iAh[}�_Iq�loz&k � ´ � 	 ! ( c�¬¢yÕ���v�U¬s������� µ !piAk&Z]_I^�iAk&emw"r�iAn t ( lo^ ¬
q0g0k�_Iz©c=wIem_In]w"_ � ef�=emr&emlon µÕ� z&��lon0n]_ ´ iAk&emlon�iAh � iA�~lozsiAk�loz&u µ �%$o���îc=log0k&Z ( ior�r � ��_In�g]_ µ
� z&��lon0n]_ µ]¦ hfhfefn]loemr ���Aa���� ¥

Jf���-L�} ¥ X hm_Ik�wsZ]_Iz �������%$  ¥ � �Q��	 ��� 	���� � �a�! d� � � ��� � � ���!" ��� ��������� �Mr�_"w"lon t _ t efk&emlon  ¥ \�loZ0n ] efhm_Iu
� c=lon]r µ
( Z0emwsZ]_"r&k�_Iz ¥

Jf�Ia�L �	¥8X g t g0hfe µ \ ¥ ( Z ¥!� efhf�~_Iz&k����������  ¥KD y ¦¯´ _ � J)iæk&z&g0n]w�iAk�_ tÄ´ _I¨�k�lonîefn/k�_Iz&emloz�¬Ïq~loefn/k`iAh­¬
��loz&efk&Z0^(��loz3n]lon0hfefn]_�iAz loq0k&ef^Eef£¤iAk&emlon ¥ Y�_"w�Z0n0emw�iAh[z�_Iq~loz&k µ)¦ª´ } ¦¯�	µ#� y����
P µ $o�v� P�� � _
( Z]_"r&n�i�u µ X zsiAn]w"_ ¥ �Kk�l©iAq0q~_�iAz  ¥

Jf� P-L`\ ¥ ( Z ¥�� efhf��_Iz&k µ � ¥ \�lon]r�r�lon �������%$  ¥ ! � k&Z]l t _"r # z � ��emlon]r t _ w"lon � iAn]w"_�q�log0z
hÏÅÆloq0k&ef^EemrsiAk&emlon r&g0z��ÏiowIem¡�g]_ t _���_Iz&z�_"r°loq0Z�ksiAhf^Eem¡/g]_"r©q0z�lo��z�_"rsr&e­�Mr ¥ } iAq0q�loz&k t _ � n t _
w"lon�k&zsiAkæ|9r�r�efhmloz�¬ ¦ n0z&eji µ z � � � z�_In]w"_î�U¬¯�%$¤¬ � ¬ P%$ $¤¬¯���ß¬¯�v�����
Pß¬¯�v��� µ*¦¯´ } ¦ª��µ�� y ���
P µ $o�v� P��
� _ ( Z]_"r&n�i�u µ X zsiAn]w"_ ¥

Jf���-L`\ ¥ ( Z ¥ � efhf��_Iz&k µ � ¥ \�lon]r�r�lon ���������  ¥ � X!� c'q0z�_"w"lon t efk&emlon0efn0�NlA��i�k&z&g]r&k)z�_I��emlon iAhf��loz&efk&Z0^
��loz�g0n]w"lon]r&k&zsiAefn]_ t loq0k&ef^Eef£¤iAk&emlon ¥ }*iAq0q~loz&k t _3z�_"wsZ]_Iz�w�Z]_ µP¦ª´ } ¦¯�	µ � y ���
P µ $o�v� P�� � _
( Z]_"r&n�i�u µ X zsiAn]w"_ ¥ �Kk�l©iAq0q~_�iAz  ¥

Jf� $ L � ¥ \�lon]r�r�lon ���������  ¥ �
�a�! �� �#� � �#�K� ��� �
� � � � ������� ��� � � � � �#����� ��� ��� � �#� � ��� � ���
	 �
��� � � ��� " � � �
��� ��� � ��� � �!���Q���!�Q� � � �%�
� � 	��
��� �����V�^� � �
�
	 � � ��� ��� � � ��� " ��� ���#��� �a����� �
� �  � ��� " ��A �N� � � � ���
�Q� �.� � � �I¥ Y[Z]\"r�_ t _ t l/wIk�lozsiAk µ � n0ef��_Iz�r&efk � y iAz&emr�% ¦U¥ �Kk�l�iAq0q~_�iAz  ¥

Jf���-L ! ¥ � iAhm_"_ µ \ ¥�´ l=w"_ t iAh µ Y ¥ y9hjiAn�k�_In0��i����������  ¥+D n`k&Z]_�ef^Eq0hm_I^`_In�ksiAk&emlonælA�GiAn©iAhf��loz&efk&Z0^
��loz�hjiAz&��_U¬¢r�w�iAhm_3_"¡/g�iAhfefk¢u¶w"lon]r&k&zsiAefn]_ t loq0k&ef^Eef£¤iAk&emlon ¥ � � � � � �������
���A�
� � � ���!" � � �
��� ��� µ
� µ �����¤Á $o��� ¥

Jf���-L ´	¥ !«iAzsiAk�l�r������%$o�  ¥ � ����	 � �N��� ��� � � �����
	 ��� ���I�����������!�! #" � � ��� � � ��������� " ��� � � ���
������� �
	����
��� ���A��� ���!" ��� ��������� �
�Q����� ��" �U¥ y9Z � Y[Z]_"r�emr µ]¦ ^Eq~_Iz&ejiAh ( lohfhm_I��_ µ
� lon t lon ¥

Jç���-L � ¥ # ¥ !pi"u=n]_ µ | ¥ y)lohjiUM����������  ¥0� r&g0q�_Iz&hfefn]_�iAz&hfu�w"lon/��_Iz&��_In�k³iAhf��loz&efk&Z0^ ��loz)w"lon]r&k&zsiAefn]_ t
loq0k&ef^Eef£¤iAk&emlon¸q0z�lo�0hm_I^`r ¥ �T�
�! d�a">������	��
�+� �Q�����Q��" " � � � �
���N� � µ ��� µ a#P¤Á=�v� ¥

Jç�v��L �Ã¥ !¶loZ�iA^E^�i t e µ D	¥ y�efz�lon0n]_�iAg �������v�  ¥ � �%�
� � �Q�I�  ����N� � �+��� " ��� �
��� ��� � ��� 	 � ����� �I¥
D x=�Mloz t � n0ef��_Iz�r&efk¢u·y�z�_"rsr ¥

àÌà Û�bdcIã�cUä



��� �����  ������ � �a���(� �
	 �N��� � ����� ���  ��
 �!�������a�

Jç���-L`\ ¥ �9¥ !«lozsiAhm_"r µ \ ¥)´ l=w"_ t iAh ���������  ¥p� g0k�lo^�iAk&emw°q0z�_"w"lon t efk&emlon0efn0� ��u hfef^Eefk�_ t ^`_I^`loz&u
¡/g�ior&e­¬ ´ _I¨�k�lon¸g0q t iAk&efn0� ¥ � � � � ���������
�
�@��� � � ��� " ��� �
��� ��� µ ��� µ ���%$o�¤Á�������� ¥

Jç���-L c ¥ � ¥�´ ior&Z �������Aa  ¥ YPz&g0n]w�iAk�_ t ¬ ´ _I¨�k�lonÇ^`_Ik&Z]l t r*��lozÃhjiAz&��_U¬¢r�w�iAhm_	�Kg0n]wIk&emlon ^Eefn0ef^Eef£¤iß¬
k&emlon ¥9¦ n H�¥ | ¥ } iAg]w�Z �M_ t efk�loz  µ � �*�
� � 	��
��� ��� � � � ��� � � � ����� � �Q�����Q��" " �!� �4� � � � ��� " ��� � �
��� ���T��� � � �
� ��� �
� µ q�iA��_"r��v�4Á������ ¥ y�_Iz&��iA^`lon«y�z�_"r�r µ D x/��loz tG¥

Jç�Aa�L`\ ¥�´ l/w"_ t iAh µ } ¥Æ�	¥(] iAhfk&£ �������v�  ¥���� " �  � � ¥ ���¶Á � rs_Iz�ÅÆrE^�iAn�g�iAh ¥ � _Iq�iAz&k&^`_In/k°lA�
|�hm_"wIk&z&emw�iAhP|�n0��efn]_"_Iz&efn0�°iAn t ( lo^Eq0g0k�_Iz c=wIem_In]w"_ µ�´ loz&k&Z/¨³_"r&k�_Iz&n � n0ef��_Iz�r&efk¯u µ |��oiAn]r�k�lon µ
¦ hÌ��������� µ �Ãc �	¥

Jç�
P-L`\ ¥]´ l=w"_ t iAh µ c ¥ \ ¥N] z&ef��Z/k����������  ¥ � ��" �a��� 	���� � �+��� " ��� �
��� ��� ¥ c/q0z&efn0��_IzÃc=_Iz&em_"r�efn D q�_Iz�¬
iAk&emlon]r�} _"r�_�iAz�w�Z ¥ c/q0z&efn0��_Iz µ�´ _I¨��ÕlozQM ¥

Jç���-L�| ¥ D	¥:D ^`lA{�l�M=g0n �������v�  ¥ � ��� � �O�Q� �
�����6�����������!�! #" � � ���4��� ���!" ��� ��������� �:���! �
��� � �!� �Q���
��Aa�N��� �!� � �
�
� � �+��Aa�N��� ��� � 	���� � ��� �
� � � �I¥ y�Z � Y[Z]_"r&emr µ�� _Iq�iAz&k&^`_In/k�lA� ( lo^Eq0g0k�_Iz�c=wIem_In]w"_ µ
� n0ef��_Iz�r&efk¢u·lA� ( lohmlozsi t l µ � log0h t _Iz µ ( lohmlozsi t l���������� ¥

Jç�%$ L�| ¥ y�lohjiUM �������%$  ¥ � � ���!" � � �
��� ����� � ���������!�! " � ���
� � ��� � � � ����� �A� �%�
�Q� ���!" �
�����
� �U¥�� qv¬
q0hfem_ t !piAk&Z]_I^�iAk&emw�iAh c=wIem_In]w"_"r����Aa ¥ c/q0z&efn0��_Iz µ y iAz&emr ¥

Jç���-L�Y ¥ c/k�_IefZ�iAg0�����������  ¥ Y[Z]_�w"lono{�g0��iAk�_���zsi t em_In�kÕ^`_Ik&Z]l t iAn t k&z&g]r&k�z�_I��emlon]r9efn`hjiAz&��_�rsw�iAhm_
loq0k&ef^Eef£¤iAk&emlon ¥ � � � � � ������� ���@��� � ��" ����� 	����+� �
��� � � � �Iµ ��� µ �����¤Á=���%$ ¥

å@-)àÌåMÊ



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

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

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

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

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


���������� ��� ���

ISSN 0249-6399


