
USENIX Association

Proceedings of the
2nd JavaTM Virtual Machine

Research and Technology Symposium
(JVM '02)

San Francisco, California, USA
August 1-2, 2002

THE ADVANCED COMPUTING SYSTEMS ASSOCIATION

© 2002 by The USENIX Association All Rights Reserved For more information about the USENIX Association:
Phone: 1 510 528 8649 FAX: 1 510 548 5738 Email: office@usenix.org WWW: http://www.usenix.org

Rights to individual papers remain with the author or the author's employer.
 Permission is granted for noncommercial reproduction of the work for educational or research purposes.

This copyright notice must be included in the reproduced paper. USENIX acknowledges all trademarks herein.



���������
	�� 
������������������������ �!�#"$���%�'&(��")�+*��,�-���/.0�1&����321�+�'�
465 �7� "98�&���"98:*;���:���-<=�

>@?BADC�EGFIHGJ
KML/NPOQNPR�SUTWV�XDY�Z\[^]'Z\[B_0`(NbacNedefgRhZ\iGZkj0l

mon^p�q rPsut�vuwUx#wzy^{o|�q p}vut�w�t�~�p�q ��tP��{��}�/|����P��������q p�v�tBw$tB~\pBq y��PwU�ey(���
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� �$vuw�|osut�w�t�~�� n/tB�Ps��G��vuw�t#�^�Pp���p�v�~����������/{ot��I���e��� vun}�
��m��;sM ¡�Iy^{ov�~\t${��Pp#���9¢0t$tB~o{\�P~\y(tk�£¢�¤��/{otz�;¢ovus�v��¥¤��/�
n/mo~=��{on/tB�I�op�vu~���|on/tB�ovuy(�/�;¢\s�t'�/v�w�th�;~\�%�/� �PyBy(tBp/p¦{\�Pn/���
���;n/t@��vun�tky��/s�¤Iq¨§#~ot9�;|\|on����Py^{©vªp$����|on/�e��vu��t9�
n�tk�;s��
��vuw�t«�P�o���¬�P~®­¯�Pn�p¥�^�;~\�\�;n^�®�I���e�°� vun}�/m\�;s� ¡�Iy^{ov�~\tBpBq± t�~ot�²o�/p³�;­0��{ovªp³�P|o|on/�I�Iy^{$�Pn�t-�=¢0t(����t�nc|on/tB��vªy��^�;¢ovus�v��¥¤P�
�$¢�t��}�/t�n p/y��Psu�P¢ov�suv��¥¤U�;~\�@w��Pn/t%´\t(µ�vu¢ov�suv��¥¤Pq
¶ ~·��{ovªpW|\�;|0t�n©���P¸ �-¹Iº �;~·v�w�|osut�w�tB~I�^�e�/v��I~·�P­U��{\t» ¼^½;¾�¿BÀgÁÃÂ�¼ÅÄMÆ;Ç�¼ÉÈ'ÊIËÌ¼(Í\Î�ÁÏÆeÍoÎ p�|�tky(v�²�y��;��vu�P~ º vupW|\n�t��
p�t�~���tk�¦q ¹ �Iw$t�v�w�|osut�w�tB~I�^�e�/v��I~£��t(�^�;vusup%�;n/t�vu~\p�|�tky���tk�
�;~��Ð²\n^p}�-n�tkp}mos��/p��Pn�t=p�{o�e��~�q

Ñ ÒIÓcÔ�ÕoÖ�× Ø Ù0ÔoÚ}Ö³Ó

Û �Pw�|osut(µ�v��¥¤@�P­'t�w+¢0tB�\��tB�¡�P~\��n/tB�Ps��G��vuw�t�p}¤�p}��t�wzp v�~��
y(n/tB�Ip}tkp0­¯n��Iw�¤ItB�PnÜ���-¤ItB�;nÝ�;~\��yB�;~=�P~osu¤%¢�tM{��;~\��sutB�=¢�¤
|on/�e��vu��vu~orWp¥�^�e�/t(�¬�;­Ã�G��{ot��¬�Pn}��|on/�PrPn^�;w�w�vu~or£sª�;~orIm\�;rItBpBqÞ p�m\�Ps�su¤�p��;­Ã�¥���;n/t$­¯�Pn��/{o�Ip�tUp�¤�p¥�/t�wzp�vªp���n/v�����t�~«vu~ Û
�;~��@tB�PtB~9�Ip�p�t�w�¢osu¤zsu�P~orPm\�PrPtIq � {ovup-v�w�|osuv�tkp-vu~��Ì��t�|��/{
��~o�e��sutB��rIt��;­¦��{\t mo~\�ot�n/s�¤�vu~or�{\�Pn/�����;n/t-�;~��$��{ot#n�tk�;s��
��vuw�t«�P|0t�n^�e�/v�~or¨p�¤�p¥�/t�wàßá¸ � § ¹oâ m\p�tB�¦q � �b{\�P~\��sut
y(�Iw�|os�t�µ+p}�P­Ã�¥�h�Pn�t³t(ãÜtBy��/v��It�su¤��-{ovurP{$�;¢\p}��n^�Py(��vu�P~�sª��¤PtBn
�;­c��{ot�|on/�PrIn/�Pw�w$vu~or@su�P~orPm\�PrPt�vup=~otBtB��tk�¦q � {\t������e�ä �P~orPm��;rPt�|\n��e��vª��tBpc�;~Ð�;|\|on��I|on/vu�;��t-�;¢�p¥�/n/�Iy���vu�P~zsª��¤PtBn
¢om���vup+~o�;���otBp�v�rI~otB�
­¯�Pn+n�tkp}�Imon/y�t�s�vuw�v��/tB�«tBw+¢0tB�o��tk�
p�¤�p}��tBwzpÐ�;~\�bp�¤�p¥�/t�wzp���v��/{¨n�tk�;s��á�/v�w�t9n/tBå�movun�tBw$tB~��/pBq� {�m\p$��{\t©æ ½;ç�½�èg½;Í�éPê\½�é�¼9ëPìo¼^í�Á îcí^½eËGÁÏÆeÍðï�ñ�ò �;~\�É��{\t
æ ½eçe½ÅógÁÃÇ�ËGê\½e¾hô£½Pí^õ�ÁÃÍÜ¼9ëPìo¼^í�Á îcí^½eËGÁÏÆeÍöï ÷�ò ~otBtB�°���W¢0t
t�~\{\�;~\y�tB�¦q ¶ ~+�In/�ot�nÝ���=�P�o�+n�tk�;s��á�/v�w�t�y��;|��;¢ovus�v���vutBpÝ�/{ovup
vªpg���I~ot'¢�¤#p�t��PtBn/�Ps;p}|0tBy�v�²0y��e�/v��I~\pBq ¶ w�|osut�w�t�~��/�;��vu�P~\p��;­
��{\tBp�t=p�|0tBy(v�²�yB�e��vu�P~�pc�ht�n/t ~\�;�-���e�;vusu�P¢os�t#mo~���vus�ø tky(tBw��
¢0t�n ÷;ùIùoñ ��{otB~ � vuw�t ¹ ¤�p ï�ñkú�ò n�tBs�tk�Pp�tB���/{ot#²\n/p}��n�t�­¯t�n��
t�~�y(t�vuw�|os�tBw�t�~��/�;��vu�P~��;­���{\t ¹ mo~�û p »#¼^½e¾�¿BÀgÁÃÂz¼�ë;ì\¼/í�ÁÃ¿îcí^½;ËáÁÏÆ;ÍUü(ÆeÇ æ ½;ç�½ ßá¸ �-¹ � â�ï úeò q � {ot » ¼^½;¾�¿BÀgÁÃÂ�¼£ÄMÆeÇ�¼È'ÊIËÌ¼(Í\Î^ÁÏÆ;ÍoÎ ßÏ¸ � Ûhý âDï þeò �;n/t9��y��Pw�|0t(��vu~or«p�|�tky(v�²�y��;�

��vu�P~9¢�¤z�/{ot�¸�tB�Ps��G��vuw�t��I���e�$ÿ
�In���vu~or��%n��Imo|�q
¶ ~z�/{ovupc|\�P|�tBn³�ht�­¯��y(m\pc�P~zn/tB�Ps��G��vuw�t p}�P­Ã�¥�h�Pn�t�p�m\y^{U�Ip
y(�I~���n/�Ps'p}�P­Ã�¥�h�Pn�t�­¯�Pn�vu~\��m�p¥�/n�vª�;s³�Pm����Iwz�e��vu�P~gq ¶ ~��/{ovup
�;n/tB�-��{otBn�t��Pn�t�p}¤�p}��tBw�p7n/mo~o~\v�~or%n/tB�;s��G��vuw$t�p��;­Ã�¥���;n/tc�Ip
�ht�sus0�IpM~o�I~��Gn/tB�Ps��G��vuw�t�|\�;n��/p³s�vu�Pt rPn^�;|o{ovªy��Ps\m\p�t�ncv�~��/t�n��
­Ï�Py�tBpÝ�P~��/{ot�p��Pw$tcwz�Py^{ovu~ot#ßÏtPq r\qg��{ot ¹�¶ Û §% ��£v�~\�om\p¥�
��n/vª�;s�w�vuy�n���y(�Iw�|om���tBn/p ï�ñ��kò¯â qM§#~��/{ot��;��{\t�n7{\�;~�����{\t�n/t
�;n/t«p}wz�Ps�s+y��P~���n/�Psusut�n^p9��v��/{��Pt�n/¤®suv�w�v���tk�Ån�tkp}�Imon/y�tBpBq¹ vu~\y(t�¸ � Ûhý ²o�^p-¢0t(����t�n ­¯�Pn��/{otBp�t+p�¤�p}��tBwzp º ��{ovªp���vus�s
¢0t%t�µ�|osu�Pv�~\tB�@su�;��t�n º �ct#v�w�|osut�w�t�~��/tB�9¸ � Ûhý vu~\p}��tB�I�
�;­'¸ �-¹ ��q
ø#tBp�v�rI~ov�~\r+n/tB�;s��G��vuw$t%p}¤�p}��tBw�phn/tBå�movun�tkp³�P~Ð�e�PtBn/�Ps�s0p}¤�p}�
��tBw ��v�tB��q��M�Imöy��P~o~o�;��s����I�Å�;��p�v�~\rPsut°|\�Pn}�^p¡suv��It
��{\t������e�«� vun}�/m\�;s= ¡�Iy^{ov�~\t
p�t�|\�Pn/�;��t�su¤ÅßÏ�Pp/p�mow�v�~orÉ�
y(�Iw�w$�I~
p�v�~\rPsut�|on/��y(tkp�p��Pn=p}¤�p}��tBw vup%m\p�tB�	�g{\�Pn/�����;n/t
n/t�sª�e��tk�«�/�P|ovªy�p��;n/tDt(µoy(sum\��tk� â q � {\t�n/t(­¯�Pn/t@��{ot9|\�P|�tBn
p}�/�;n��/p ��v��/{£�Ð��t�²\~ov���vu�P~¡�P­Mn�tk�;s��á�/v�w�t�p�¤�p¥�/t�wzp��0��{ovªy^{
�;n/t��/�;n/rPt���tk�¦q ± �Ip}tk�¡�I~
�/{\�e�k�Ýy�mon�n/t�~��=n�tk�;s��á�/v�w�t��P|o�
t�n^�e�/v�~\r�p�¤�p}��tBw �;n^y^{ov���tBy(��mon/tBpc�;n/t#��tkp�y�n�vu¢0tB�Ðvu~@��~�m��}�
p�{ot�susáq�
-­Ã��tBn��;~£�e�It�n/��v�tB� �e�It�n ��{otzy(m\n�n/t�~��#n/tB�Ps��G��vuw�t
���������P|o|on/�I�Iy^{otBp0�/{otcy��P~\y�t�|��g�P­���{oth�I�I¸ �-¹ �����e��n�tk�;s��
��vuw�t£�������«y��Pw�|ovus�tBnÐ��vus�s#¢�t���vup/y(m�p�p�tB�¦q ¹ vu~\y(t£n�tk�;s��
��vuw�tU�^�Pp���p�n/mo~©vu~°�¡p�t�|\�Pn/�;��tÐn/mo~���vuw�tUt�~���vun��I~ow�t�~��
��{\t y(�Iw$w�mo~ovªy��;��vu�P~z¢0t(�¥�ht�t�~zn/tB�Ps��G��vuw�t-�;~\��~\�P~��¬n�tk�;s��
��vuw�t�|\�;n��/pMvup'p�{o�e��~�v�~z��t��/�Pv�sGq
��vu~\�;susu¤+¢0t�~\y^{owz�Pn���vu~or
n/tBp�mos��^pMy(�Iw�|\�;n/v�~\r=���P¸ �-¹ �����P��{otBn³p��Psum���vu�P~\p'�Pn�t�|\n�t��
p�t�~���tk�U¢0t(­¯�In�t��ht�y(�P~�y(sum\��tPq
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� {ot%��tBn�w#";n/tB�Ps��G��vuw�t$"�vªp��;­Ã�/t�~9m\p�tB�@v�~9��v�ã0tBn�tB~�� y(�P~o�
��t�µ��/p-��v���{
�z��v�ãÜt�n/t�~�� w�tk�;~ovu~or\q%�\�Pn t�µo�;w�|osut��P~osuv�~\t
p�¤�p}��tBwzp���v��/{�p}{o�In}�-n/tBp�|0�P~\p�t%��vuw$tkp-�;n/t��;­Ã�/t�~9~\�Pw$tk�
";n/tB�Ps��G��vuw�t$"@p}¤�p}��t�wzpBq � {ovªp=vup%~o�P��w$tk�;~��=v�~
��{ovªp=|\�;�
|0t�nkq&
 yB�;~o�I~ovuyB�;s-��t�²\~ov���vu�P~¨�P­=�Wn/tB�Ps��G��vuw�t9p�¤�p¥�/t�w
­¯n/�Pw�ø#�P~\�Psu�'�%vus�suvutBp ï�ñk÷kò vªp��/{ot=­¯�Psus��e��vu~or��




bn/tB�Ps��G��vuw�t�p�¤�p¥�/t�w vªp'�I~ot�v�~���{ovªy^{+�/{ot-y(�In}�
n/tBy(��~otkp�p#�;­'�/{ot$y��Pw�|om��^�e�/v��I~\p ~\�;�=�P~osu¤���t(�
|0t�~\�\p+mo|0�P~©��{ot@s��IrPvªy��;shy(�In�n/tBy(��~otkp�p��P­���{ot
y��Pw�|om��^�e��vu�P~·¢om��«�;sªp}��mo|0�P~ �/{otÉ��vuw$tb�e�
��{ovªy^{W��{\tUn/tBp�mos���vup+|on�����m�y(tB��q ¶ ­��/{otÐ�/v�w$�
vu~orÐy(�I~\p}��n^�;vu~I�^p��;­7��{\t�p}¤�p}��t�w:�;n/t=~o�;�#w$t��B�
p�¤�p¥�/t�w ­Ï�Pv�sumon/t�vup�p/�;vª�Ð�/�z{\���Pt%��y�y�mon�n/tB��q

¶ ­��/{ot¡�/v�w�vu~orQy��P~\p}��n^�;vu~��/p Â�ê�Î�Ëz½e¾)(³½+*�Î ¢0t
w�t��@�ht
p�|�tk�;�:�;­É� õo½;Ç-, Ç�¼^½e¾�¿ÌËGÁÃÂ�¼öÎ.*�Î�Ë¬¼�Â �«v��Å�c�Imosª� ¢0tÎ�Æ¥ü^Ë�Ç�¼^½;¾�¿ÌËáÁÃÂz¼ v�­ w�vup/p}tk�©��tk�P��suv�~\tBp��P~osu¤
sutB�I�W����sutBp/p
��{\n��ImorP{o|\m��c�Inh�P~U�PyBy(t�|o�/�;¢\s�t#n�tk��m\y(tk�Uå�m\�Ps�v��¥¤��;­gp�t�n��
��vuy�tPq� ¡�Ip}�Dn/tB�Ps��G��vuw�t
p�¤�p}��tBwzp@{����Pt
�I�o��v���vu�P~\�Ps=n�t��
å�movun�tBw$tB~��/pzy(�I~\y(tBn�~\v�~or
n��I¢om\p}��~otkp�p��P~\�É���e�Pv�sª�;¢ovusuv��¥¤I�
��{ovªy^{��;n/t#~o�P� ��vªp�y�m\p�p�tB�@vu~@�/{ovªp�|\�;|0t�nkq
ÿ�n�v���vu~or {\�;n^�3n/tB�;s��G��vuw$t �;|o|\s�vªy��;��vu�P~\p�­¯�Pn:p}vu~orIs�t��
|on/��y(tBp/p��Pn=p}¤�p}��t�wzp��I~£�/�P|W�;­��;~�w+mos���v��G��{on/tB�I��tB���P|o�
t�n^�e�/v�~\röp}¤�p}��tBwà~otBtB�opÉvu~��¬�ot�|��/{ ��~o�e��s�tk��rPt6�;­���{\t
p/y^{otB��m\s�vu~or=p¥�/n/�;��t�rI¤��;~\����{ot��h�Pn^p¥�'y��Ip}tc��vuw�tBp7~otBtB��tk�
­¯�Pn#p}¤�p}��t�w y��;susªp�v�~9�In/��tBn����ztB~\p}m\n�t%��{\t���vuw�t�suv�~otkp�p-�;­
��{\t��P|o|osuvuyB�e��vu�P~gq!�\mon���{otBn�w��Pn/t¡�h�Pn^p¥���¬yB�Pp�t¡|on/t�tBw$|o�
��vu�P~ �/v�w�tBp¡�;­�t��PtBn�¤®��{on/tB�I���P~\� tBp�|�tky(vª�;sus�¤6p�¤�p¥�/t�w
y��Ps�sªp7{\���It³�/��¢�t���~o�e��~�q � {ovªp's�tk�P�op��/�=�P~ot�vuw$|0�Pn��/�P~��
|\�Pn/�Pw$t���tBnB�\��{ot�v�~���tBn�n/mo|��%su�;��tB~\y(¤Iq0/ Í�Ë¬¼�Ç�Ç�êkì0Ëh¾�½;Ë¬¼�Í0í1*
vªp���{\t���vuw�t+¢0t(�¥�ht�tB~���yBy(mon/n/t�~\y�t��;­7��{ot�{\�;n^�����;n/t=v�~��
��tBn�n/mo|��h�;~\�$�/{ot tB~I�/n�¤$�;­Ü�/{ot#p��;­Ã�¥���;n/t�v�~��/t�n/n�mo|o�³{\�;~o�
��sut�n�ßÏv�~���tBn�n/mo|�� p�t�n/��vuy�t#n/�Pmo��vu~otP� ¶}¹ ¸ â q
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� {ot-��v�ãÜt�n/t�~\y�t�¢�t��¥�ctBt�~�~o�P~o�Gn/tB�Ps��G��vuw�tc�I|�tBn/�;��vu~or�p}¤�p}�
��tBwzp³suv��It-ÿ¨vu~\���e�-p³�P~\� ä vu~�m�µz�;~\�zn/tB�Ps��G��vuw�t��P|0t�n^�e���
vu~or p�¤�p}��tBwzp¦s�vu�Pt³�-µ�ÿ
�In���p¦vªp¦�/{\�e��n�tk�;s��á�/v�w�t'�I|�tBn/�;��vu~or
p�¤�p}��tBwzp�{����Pt9p}{o�In}�zrIm\�;n^�;~���tBtB�W�/{on/tB�P�°|on/t�t�w�|��/v��I~
��vuw�tBph�;~\��vu~���tBn�n/mo|��hsu�;��t�~�y(vutBpBq

�p¥�^�;~\�o�Pn/� ä v�~�m�µ�­¯�In
t(µo�Pw$|\s�t¡{��Ppzvu~���t�n/n/mo|��Usª�e�/t�~\y�v�tkpÐmo|b�/�°�W­¯t��:{�mo~��
��n/tB�@w�v�sus�vªp�tBy(�I~\�op ï�ñPñ�ò ��{ov�sut=��{\t%sª�e�/t�~\y�v�tkp��;­7y(mon/n/t�~��
n/tB�;s��G��vuw$t��P|0t�n^�e�/v�~or@p}¤�p}��t�wzp%�;n/t+�;n/�Pm\~\�D��tB~\p%�;­Mw�v��
y(n/�Ip�tBy��P~\�\p���{ovuy^{¡�Pn�t�rIm\�;n^�;~��/t�tB�@¢�¤U�/{ot�p�¤�p¥�/t�w �;n��
y^{ov���tky���m\n�tIq¨ÿ
�In/p}�}�Ìy��Ip}t@��vuw�tBpz�P­%�«p}�/�;~��o�;n^� ä v�~�m�µ
y��P~®¢0t
��t���t�n/w�v�~\tB�¨¢�¤bw�tB�Pp�mon/t�w�t�~��^pÐ¢om��@��{otBn�t
vup
~o��rIm\�;n^�;~���tBt+�/{\�e�+��{otBn�tÐ�Pn�t��h�Pn^p}tzy��Ip}tkp=��v��/{«t��It�~
su�P~orIt�n�su�;��tB~\y(vutBpBq
¸�tk�;s��á�/v�w�t��P|0t�n^�e�/v�~or%p}¤�p}��tBw�p'�Pn�thw+m�y^{+w��Pn/tcm\~\y(�Iw��
­¯�Pn��/�P¢osut©��� |on/�PrIn/�Pw��/{\�;~ð��tBp������P|ö�P|0t�n^�e��vu~or p}¤�p}�
��tBwzp�q � {\t�¤¨�;­Ã�/t�~ ���É~\�;�9|on��e��vª��t
�É|on/��y(tBp/pDy(�P~o�
y(tB|��©ß¯w�t�w��In�¤¨|on/�;�/tBy(��vu�P~ â �#��{ovªy^{�p�t�|��;n^�e��tkpUw�tBw��
�Pn/¤Ðp�|\�Py�tBp��;­7��v�ã0tBn�tB~I� �P|o|osuvuyB�e�/v��I~\p��;~\�@��{\t�n/t%vªp�~o�P�
w+m�y^{·�;¢�p¥�/n/�Iy���vu�P~ ­¯n��Iw ��{otbmo~\�ot�n/s�¤�vu~or�{��;n^���h�Pn�tIq

± tByB�;m\p�t��;|o|\s�vªy��;��vu�P~\p�n/mo~o~\v�~orU�P~�t�w�¢�tk�o��tk�¡��t���vªy(tkp
¢0tBy(�Iw�t-w��Pn/t-�;~\�$w��Pn/t-y(�Iw$|\s�t�µ��I�o��v���vu�P~\�Ps\�;¢\p}��n^�Py(�
��vu�P~�ph�Pn�t ~ot�tk��tB�¦qM ¡�Ip}��su¤$v���vuph�P~\s�¤z�+p�wz�;susÜ|\�;n��c�P­g�
n/tB�;s��G��vuw$tM�P|o|osuvuyB�e�/v��I~#n/tB�Ps�su¤ {\����vu~or�n�tk�;s��á�/v�w�t7n/tBå�movun�t��
w�t�~��/pBq��o�Pn��/{ot�n�tkp¥�7�;­���{ot�p��;­Ã�¥���;n/tc�I~oth�c�Imosu��suv��It³�/�
{\���It �/{ot�y(�P~��It�~ovut�~\y�t �P­���tkp}�����I|U�I|�tBn/�;��vu~or$p�¤�p¥�/t�wzpBq� {otBn�t�­¯�Pn/t v��hwz�;�ItBphp}tB~\p�t �/��w�����v�­¯¤Ð��tBp������P|@�P|0t�n^�e���
vu~or%p�¤�p¥�/t�wzpÝ���=p��;��vªp¥­¯¤�tBw+¢0tB�o�otB�$�;~\�+n�tk�;sI��vuw$t�~otBtB�op
ß¯�Inz{\����v�~\rW��|on/�PrIn/�Pw�w$vu~or�t�~���v�n/�P~\w$tB~���suvu�Pt��I���e�\�
��{ovªy^{
�htz��vªp�y�m\p�p=sª�e�/t�n â q � �9�I�o�
n�tk�;s��á�/v�w�tzy��P|\�;¢ovus��
v���vutBp%�����D~o�I~��Gn/tB�Ps��G��vuw�t+�I|�tBn/�;��vu~orDp�¤�p¥�/t�w,�/{ot�n/tz�;n/t
�¥�h���P|o|on/�I�Iy^{otBpB�

;=<?>A@9@9BDC:E�FHGJILKMBDC
>AG9NO@9B=@9IPERQ  ¡���ov�­¯¤D��{\t+�P|o�
tBn/�;��vu~orUp�¤�p}��tBw ���U¢0t$|on�tBt�w�|��/v�¢osut+vu~
�@��t(²�~otB�¦�
p�{o�Pn�����vuw�tPq

;=KMIPE�@S>�>AT:C:EVUXW�Y1E$>[Z]\+E$F^GOI_Q vªp � �¥�h�,�Pt�n/~otBs
w�����t�s#n�m\~o~ovu~orW��{ot£mo~ow�����v�²�tB�b�P|0t�n^�e�/v�~\r©p}¤�p}�
�/t�w �Pp7�/{ot vª��sut(�G�/�Ip}���P~����I|z�;­���p�t�|\�Pn/�;��t-p/y^{otB���
mosut�nDßÏ�Psup��¡��~o�e��~«�Pp`/ Í\ËÌ¼�Ç�Ç�êkì0Ë / Î�Æe¾�½;ËáÁÏÆ;Í �Pn`/ Í\¿ËÌ¼(Ç�Ç�êkìÜË+óÝÁÃÇ�Ëáê\½;¾�Ábak½eËGÁÏÆeÍ¦â q

� {ot�²0p¥�@�P|o|on/�I�Iy^{Évªpzvuw$|\s�tBw$tB~���tB�¨­¯�PnÐt�µ��Pw�|os�t�¢�¤
 ��I~I�^�;�#vup}�/� ï�ñ�þeò �
��{\� v�w�|on/�e�Ptk� �/{ot�|on/t�t�w�|��/v��I~
��vuw�tBp#�;­ ä v�~�m�µ¦q � �h�Ð�PtBn�~\t�sÝp��Psum��/v��I~\p�­¯�In ä vu~�m�µ¡�;n/t
¸ ��ä vu~�m�µ ïdckò �;~��z¸ � 
 ¶-ï e�ò q7�-µ�ÿ¨v�~ ï�ñ�f�ò �P~\���'t�~��/mon}�Û �Pw9û p+¸ �hg ï�ñ[ckò �Pn�tz�¥�h�;�¬�PtBn�~\t�sMp��Psum���vu�P~\p�­¯�Pn�ÿ¨v�~��
���e�-p%i � q
ø#mot©�/�®��{\tÉy(�Iw�|os�t�µ�v��¥¤Å�;­z�I|�tBn/�;��vu~or6p�¤�p}��tBwzp¡suv��Itä vu~�m�µ@v��#vªp-�z�It�n/¤U��vbjÐy(mos�� �^�Pp��Ð���zvuw�|on/�e�Pt�|on/t�tBw$|o�
��vu�P~@��vuw�tBpBq ± tBy��Pm\p�t#v���vup�n/tB�Ps�su¤�{\�;n^�z�/�$t�µo�;w�v�~\t%tB���
t�n/¤9y(����t�|\�;��{¡vu~9��{\t+�PtBn�~\t�sG�\�h�Pn^p¥�#yB�Pp�t�|on/t�t�w�|��/v��I~
��vuw�tBpcy��;~\~o�;�M¢0t-rPm��;n^�;~���tBtB�¦q � {ot�v�~��/t�n/n�mo|o�c�;¢\p}��n^�Py(�
��vu�P~�w�����t�s��;sus��e�-p7|on/tB�ovuy(��vu~or��c�In/p�t�y��Ip}th��vuw�tBp'vu~���{\t
p�w��Ps�s�n/tB�Ps��G��vuw�t³sª��¤Pt�nÝt(µo�Py(��su¤Pq

Q�ot(�/�Pv�sutB��y(�Iw$|��;n/vup��P~
�;­7�/{ot��¥�h�Ð�;|o|on/�I�Iy^{otBph­¯�In ä vu~�m�µ�y��;~9¢0t+n/tB�I�@vu~9��{\t
�;n���vªy(sutBp ï k�òcï�ñBùeòcï�ñIñ�ò q

l ���:mhØ#Ú¥Õ6�:�n�ÝÓ³Ô6� Ô�Öo�'Ó Ú-��3p�q�:�n�ÝÓ³Ô �:�
Ô�Ú}Ö³Ó

� {ot�n^�;~orIt=�;­M�;|o|\s�vªy��;��vu�P~@­¯�Pn-n/tB�Ps��G��vuw�t��I���e�$vup åIm\v��/t
{�morPtIq ¶ ��y��P~£¢0t�m�p}tk��v�~�p}wz�Ps�s�w�vuy�n��Dy(�P~��/n��Is�sut�n%p}¤�p}�
��tBwzp³�PpM�ctBs�s\�Ip'vu~zsu�Pn�rIt-p}¤�p}��t�wzp'{�����vu~or=�/{ot-|0�e�ctBn'�;­
y(m\n�n/t�~�� |0t�n^p}�I~\�;s�y(�Iw$|\m���tBn/p#�;~\���h�Pn/��p¥�^�e�/v��I~\p�q � {\t
w��Ip}��v�w�|0�Pn��/�;~��9n�tkå�mov�n/t�w�tB~I�^p@���¨�°n/tB�Ps��G��vuw�t������e�
vuw$|\s�tBw$tB~��/�e�/v��I~
vu~���{ovªp�y(�I~���t(µ����;n/t�|��In}�^�;¢ovusuv��¥¤¡�P~\�
p/y��;sª�;¢\v�suv��¥¤Ü�



;=<pG]>[E$Z6W
F^rHFsEutvQ � {otQn/tB�;s��G��vuw$tQ�I���e�¨vuw�|osut�w�t�~��
�^�e��vu�P~Ép}{o�Imosª�W¢�t9���e�;vusu�P¢os�t�­¯�In�wz�P~�¤�{\�Pn/�����;n/t
|osª�e��­¯�Pn/wzp³�;~�����{ot#|��In}�/v�~\r�t(ãÜ�Pn��³{\�Ip'����¢�t#w�v�~��
vuwz�;sGq

;xw�\RZ6r^Z W�FHrHFHEutvQ � {ot�n�m\~I�/v�w�t�tB~���vun��I~ow�t�~��-p}{\�Pmosª�
¢0tÐm\p�tB�
­¯�Pn$p}wz�Ps�sMn/tBp��Pm\n/y�t�suv�w�v���tk�©p}¤�p}��tBw�p�mo|
�/��sª�;n/rPt%p}¤�p}��t�wzpc��v��/{@rIn/�P|o{ovªy��Ps\m\p�t�n�vu~I�/t�n�­Ï�Py�tBpBq

�7�Pn��/�P¢ovus�v��¥¤°�P­%�/{ot
�����e�«�;|o|\s�vªy��;��vu�P~\pUvupU~o�;�Ut�µ�|os�vªy��
v���su¤Ðn�tkå�mov�n/tB��q ¶ ��vªp��������e��vu~I�/n�vu~\p�vuy ­¯tB�;��mon/t#��{\�;��|\n��P�
rPn^�;wzpM�Pn�t tB�Pp�¤�����|0�Pn��³�/�+��v�ã0tBn�tB~I��p}¤�p}��tBw�pBq ± m��³­¯�In
��{\t�w�t�~���vu�P~otk��p}¤�p}��tBw�p-v�� vªp-~\tBy(tkp�p/�;n/¤z�/�Ð�Py�y�tBp/p���{\t
{\�Pn/�����;n/t���vun�tky���su¤@ßá�PyBy(tBp/p'{\�Pn/�o�h�Pn�thn�tBrPvªp¥�/t�n^p��Pv�~\p}�/�Ps�s
vu~I�/t�n/n�m\|��-{\�;~���s�tBn/pB�¦q�qBq â q � {ot�n/t��;n/t%­¯n/�Pw�t��h�Pn/��pcsuv��It
��{\t » ¼^½e¾�¿BÀgÁÃÂz¼py$½eËÌ½U½Ií^í/¼(Î^ÎÐï �eò �/�;n/rPt���vu~or$��{ovªp�vªp�p�motIq

z ���������BÔoÚ����|{}��~�����3�3#ÕoÖ��'Ù]�����

Û mon/n�tB~���su¤ ��{otBn�t �;n/t �¥�h� s�tk�P��vu~or ¹ |�tky(v�²�y��;��vu�P~\p
�P�\��v�~\r©n�tk�;s��á�/v�w�t¡yB�;|\�P¢ov�suv���vutBpz�/�É�����e�oq���v�n^p¥�/s�¤É��{\t» ¼^½;¾�¿BÀgÁÃÂ�¼°ë;ì\¼^í(Á îhí^½eËGÁÏÆeÍ ßÏ¸ �-¹ � â©ï ú�ò ­¯�In£�������b|\n��P�
��m\y�tB�ö¢�¤Å�/{otb¸�tB�Ps�� � v�w�t°­¯�Pn«�I���e� ý µ�|�tBn}�=�%n��Imo|
mo~\�ot�n¡�/{otÉ�Pm\p�|ovuy�tBp£�;­���{otQ�I���e� Û �Iw$w�mo~ov��¥¤��³n��P�
y(tkp�p ï�ñ$e�ò q ¶ ~�ø tky(t�w�¢�tBn ÷;ùIùoñ �/{ot$²\n/p}�=n�t�­¯t�n/t�~\y�t+vuw��
|osut�w�t�~��^�e��vu�P~ ­¯�In9��{ot©¸�tk�;s�� � vuw�t ¹ |�tky(v�²�y��;��vu�P~Å{\�Ip
¢0t�t�~
n�tBs�tk�Pp�tB��¢�¤ � vuw�t ¹ ¤�p ï�ñkú�ò q ¹ tBy��P~\��su¤9��{\t »#¼/½;¾�¿ÀgÁÃÂ�¼zÄ'Æ;Ç�¼#ÈMÊPËÌ¼�ÍoÎ�ÁÏÆeÍ\Î ßÏ¸ � Ûhý â ï þPò |\n�����m\y�tB�z¢�¤$��{\t
¸�tk�;s�� � vuw�t������e�Uÿ��Pn/��v�~\r��%n/�Pmo|Wp�mo|o|0�Pn���tB�
¢�¤����7�
 �vªy(n/�Ip��;­Ã�z�;~\�É�;�/{ot�nzy��Pn/|��In/�;��vu�P~\pBq ± �;��{bp�|�tky(v�²�y��;�
��vu�P~�pÐy(�e�It�n���{\t¡~otBy�tBp/p��Pn�¤°t�~o{\�P~\y(tBw�t�~��/p��/�«t�~\�P¢osut
�������+­¯�Pn�n/tB�Ps��G��vuw�t%�/�Pp���p��

;=���:>A@9Z6��Y�\��
@9�:T
rHF^I:��Z6I
�8Y$t	I:\[�:>[GJI
FH�RZ6E$FHGJI_Q� {ot9������� ä �;~\rPm\�PrPt ¹ |0tBy�v�²0y��e�/v��I~ ï�ñ(ò ����tBp�~o�P�
��t�²\~ot��/{otz��{\n�tk�P�Wp�y^{\tB��mosuvu~or9t(µo�Py(��su¤Pq ¶ ~©�I�o��v��
�/v��I~z��{ot#��tB~Ð|on/v��In�v���vutBp³|on/�e��vª��tk��¢�¤z�����e���;n/t-~o�P�
tB~o�PmorI{U­¯�In�w��Ip}��n/tB�Ps��G��vuw�t%�/�Pp���p�q

;=��@9B=GO>[tLB=Z6I
Z6�O@9B=@9IPE�Q0
 m����Iw��;��vªy+w�tBw$�In�¤
wz�;~��;rPtBw�t�~��
�P­U�I���e�¨w��Ip}��su¤Ås�tk�P�op£��� mo~o|\n�t��
��vªy��^�;¢osut��/v�w�t�su¤Q¢�tB{\����v��InBq � {\t�n/t�vupU~o�©��t(²�~ov��
�/v��I~$�P­0�h�Pn^p}�}�Ìy��Pp�t³w�tBw$�In�¤��;sus���y��;��vu�P~���vuw�tBpM�P~\�
tB�Pt�~@y(�P~�y(mon/n�tB~��³rI�Pn�¢\�PrPt y��Psus�tky��/�Pn^p³�;n/t-~o�P�h|\n�t��
tBw$|o��vu¢os�t���v���{\�Pm��-sª�e�/t�~\y�v�tkp�q

;=U�Y1t	I
\[��>AGJIPtvQ��#�;n^���h�Pn�t=vu~���t�n/n/mo|��/p �;~\�9p��;­Ã�}�
���;n/t�t��PtB~��/p�y��P~
��yBy(mon��Ip}¤�~\y^{on/�P~\�Pm\p�s�¤9vu~Wn�tk�;s��
�/v�w�t=p}¤�p}��t�wzph�;~\�Un�tkå�mov�n/t#�P~ ÁÃÂ$Â�¼u,eÁÏ½;Ë¬¼ y^{\�;~orIt
�P­Ý�/{ot�y(�I~I�/n��Is0´\�e��q

;=�'Z >A�:��Z >A@�Z6\R\�@9Y$Y�Q �����e�ö����tBpQ~o�P�Q|\n��e��vª��t
��vun/tBy��°�Iy�y�tBp/p£�/��{\�;n^�����;n/tÉn/t�rIvup}��tBn/pB��|o{�¤�p}vªy��Ps
w�t�w��In�¤U�P~\�@{\�;~\�os�vu~orz�;­�{\�;n^�����;n/t#vu~���tBn�n/mo|��^p�q

¸ �-¹ �Ðvuw�|osut�w�t�~��/�;��vu�P~\p-n�tkåIm\v�n/t=w$����v�²�yB�e��vu�P~�p��;­7��{\t
�������Ð� vun}�/m\�;s' ¡�Iy^{ov�~\t@ßÏ�I�#  â vu~���tBn�~\�PsupBq � {ot��P|o|osuv��
y��;��vu�P~©��tB�PtBs��I|�tBn+y��P~©y^{o���Ip�tz��{otU��{on/tB�I�«p�y^{\tB��mosuvu~or
�;surP�In�v���{\w �;~\�U��{otBn�t��Pn�t=p}tB�PtBn/�Ps0p}��n^�e�/t�rPvutBpc­¯�Inhw�tBw��
�Pn/¤Uwz�P~\�;rIt�w�t�~��Bq � {\t+�;|o|\n����Py^{9�;­M¸ � Ûhý vªp ��v�ã0tBn}�
t�~��kq ¶ ~\p}��tB�I�°�P­%w�����v�­¯¤�v�~orW�/{ot���{o�Is�t��I�#  ¸ � Ûhý
y��P~¡¢0t�vuw�|os�tBw�t�~���tk�¡�Pp%�Ðn/tB�Ps��G��vuw�t+�P�o���G�I~¡�c�In���vu~or
y(su�Ip�t�su¤Ð��v���{��;~9�;n/¢ov���n^�;n/¤zt(µ�vªp¥�/v�~orz�I�# «q

� ���������[��Ú�������ÖMÕ6������Ô �gÓp��Ú}Ö³Ó��

�o�Inc�Imon³n/tBå�movun/t�w�t�~��/p º |��In}�^�;¢ovus�v��¥¤��;~\�Ðp/y��Psu�P¢ovus�v��¥¤ º
��{\tU¸�tB�Ps�� � vuw$t Û �In�t ý µ��/t�~\p�vu�P~\p��Pn�t��/{otÐw��Pn/tzp}mov��}�
�;¢\s�t��P|o|on/�I�Py^{gq � {ot�n�tk�;s��á�/v�w�t�|\�Pn}��vªp-p�w��Ps�sÝ�;~\�9y��P~
¢0tDvuw�|osut�w�t�~���tk�É����¢�t9tB�Ip}¤W�/�W|��In}�kq ± t�¤I�P~\�©��{\�;�
v��+y��;~�¢0tzm\p}tk�
�Ip��9p¥�^�;~\���Ì�;su�P~\t�p��Psum��/v��I~��Ip#�ht�sus³�Ip
vu~@y(�Iw+¢ovu~\�;��vu�P~Ð��v���{D�;~U�Pã��G��{\t(�Ìp}{otBs�­��P�% «q � {ot%p�t�|o�
�;n^�e�/v��I~£�P­h�D~o�P~o�Gn/tB�Ps��G��vuw�t$�P~\�
�Dn/tB�Ps��G��vuw�t�n/mo~���vuw�t
t�~���vun��I~ow�t�~����Ps�su�e�-pÝ�P~+vuw�|os�tBw�t�~��/�;��vu�P~+�I~+�I|�tBn/�;��vu~or
p�¤�p}��tBwzp�vuw$|\s�tBw$tB~���vu~or-�/{ot ¶ ~���tBn�n/mo|��

-¢\p}��n^�Py(��vu�P~��;|o�
|on/�I�Iy^{�q

 yBy(�In/��vu~or��/�-�/{otc¸ � Ûhý p�|�tky(v�²�y��;��vu�P~�n/tB�Ps��G��vuw�tM|\�Pn}�^p
�;­c��{otz�P|o|osuvuyB�e��vu�P~�n/mo~£vu~«�Un/mo~���vuw�t$tB~���vun/�P~ow�t�~�� º
y��Ps�sutB� ÄMÆeÇ�¼ æ ½eçe½S�^º p�t�|��;n^�e��tk� ­¯n/�Pw ��{ot®p}�/�P~\�o�;n^�
������� n�mo~��/v�w�t6tB~���vun/�P~ow�t�~�� º yB�;sus�tk��� ½eÎ(¼�¾�ÁÃÍÜ¼ æ ½;ç�½
ßÃ²�rPmon/t ñ�â q � {\t Û �Pn/t¡|\�Pn}�Dy��;~��;sªp}�©¢0t£m�p}tk�®�Pp@�
p}�/�;~����¬�Ps��I~ot�n/mo~���vuw$t
t�~���v�n/�P~\w$tB~��Bq ¶ �@{��PpÐv��/p@�e��~
p�t(���P­#y(sª�Pp/p�suvu¢on/�Pn�vutBp@ß^ �¡9¢}£¤¡9¥S¦ ¢}£¨§ â �g��{ovªy^{°�;n/tU�Psup��
p�t�|\�Pn/�;��tB�°­¯n/�Pw �/{ot£p}�/�P~\�o�;n^�Q�I���e�Wy(sª�Pp/p�{ovut�n^�;n^y^{�¤Iq
¸����;���P­���{ot Û �In�tMy�su�Ip�p0�/n�tBtMvªp¦~o�;��©Sª�«6ª4£-¬�ªR­ ¢}£-®A¯]©9°]±�¥
¢om��� �¡9¢_£�¡9¥6©R¦9¢}£q²  �¡ ° ®+¯]©�°]±[¥Üq � {ovªp%s�vu¢on^�;n/¤Dy��P~��/�Pv�~�p
p�|�tky(vª�;s¦y(sª�Pp/p}tkpM­¯�In�{\�;~\�ov�~or���{\n�tk�P�Dp�y^{otk��mosuv�~\r\��v�~��/t�n��
n/mo|��/pB�Üw�t�w��Pn/¤P� ¶ �P§·�;~���t��It�~�� {\�P~\��suv�~or�q � {ot Û �Pn/t
n/mo~���vuw$t°t�~���v�n/�P~ow�tB~I�
n�mo~�p¡��v���{ö�¨{\v�rI{ot�n¡|\n�vu�Pn/v��¥¤
��{��;~��/{ot ± �Pp�t�suvu~ot³�������\q ¶ ~+p�� ���Iv�~or v��7vupÝ�Pp/p}m\n�tk�%��{\�;�
��{\t ± �Pp�t�suvu~ot���{\n�tk�P�op%�;~\�¡rI�;n/¢\�PrPt�y(�Is�sutBy(��vu�P~¡{��Pp-~\�
vu~�´\motB~\y(t#�P~z�/{ot n/tB�Ps��G��vuw�t-¢�tB{\����v��In³�P­ Û �Pn/t���{on/tB�I�opBq

� {ot�y(sª�Pp/p}tkpg�P­o��{\t Û �In�tcs�vu¢on^�;n/¤��;n/tcp�{o�e��~+vu~�²\rImon/t ÷ q� {otB¤%|\n��e��vª��t'�P~osu¤=¢\�Pp�vªy7­¯mo~\y(��vu�P~\�Ps�v��¥¤Pq � {otcp}�/�P~\�o�;n^�± �Pp�t�suv�~\t-�I���e�=y��P~��Iy�y�tBp/p'��tB��vªy��;��tk��w$t���{o���op³�;­ Û �Pn/t
³q´�µ�¶	·^¶q¸º¹�»O¼.½H¾�¿$ÀMÁ¨ÀvÂ	ÃuÄOÅ�Æu·O·^µ[¶	Ç+¶�ÄH·JÈºµ[Æ.ÉdÈq¶�ÇMÊ�·ºµ�¶:Ë	¶�ÃuÌ Í

´	Éd¹%¶hÎMÃ�ÏuÃ0Ð�Æ.¸ºÑ1ÉdÅ[Ò�Ó
¸ºÆ.Ô�Õ`ÄºÉdÅ�È�¶%É ·�µ[ÃuÄ}Ã0Ö�É ×�¶q¸^¶�ÅM·4¹%¶�ÃuÅ[ÉdÅ[Ò
ÉdÅ�·ºµ[¶�ÄH·¤ÃuÅ[Ö[Ãu¸ºÖ?ÎMÃqÏ.ÃhÈqÆ.¹%¹}Ô[Å�É ·ØÊ1Ù



��v�rImon/t ñ �³p�t�|\�Pn/�;��vu�P~U�P­�n/tB�Ps��G��vuw�t��;~\�@~o�I~��Gn/tB�Ps��G��vuw�t
|\�Pn}�^p

�P¢6Ú¥tBy��^p�����{ovªy^{U�Pn�t#w��Pn��ItB�Ð�IpÜÛ ÄMÆeÇ�¼�¿ � ½�Î�¼(¾�ÁÃÍ0¼�ô¡¼�Ë¯õ�¿Æ�,�Î Û=ß¯w��In�t���t(�^�;vusup7¢0t�su�e� â q � {ot�n/t�vup7�=p�w��Ps�s ± �Pp�t�suvu~ot
suv�¢on^�;n/¤
­¯�Pn��/{ovªp$y��Pw�w+m\~ovuyB�e�/v��I~��'p}{o�e��~°v�~«²�rPmon/t ú q

ð��t(�^�;vus�tk�¡����y(mow�tB~I�^�e�/v��I~£�;­'�/{o�Ip�t+suvu¢on/�Pn�vutBp%y��P~¡¢0t
­¯�Pm\~\�Dv�~ ï þeò q

Ý {_�����=Þ0ß0à��v��Ú}Ù ÙÜÖ³Ó ÙP�	3 Ô

�o�In#|0t�n�­¯�Pn/wz�;~\y�t�n/tB�Pp��P~�p-v��%wz�;�ItBp#p}tB~\p}t+���Dy(�Pw�|ovusut
��{\t£y(����t��/�©~\�;��vu�Pt¡wz�Py^{\v�~ot¡y�����t£�e�Dy(�Pw�|ovusut���vuw�t
ßÏ�P{otB�I���¬�;­Ã�G��vuw$t�y(�Iw�|ov�sª�e�/v��I~ â q Û � Þ ��vuw�t��P~\�¡w�tBw��
�Pn/¤©vªpÐp/���PtB�Qy(�Iw�|\�;n/tB�©���©�«� ¶¥� �¬y��Pw�|ovus�tBnÐ�;~\�É��{\t
y(��p¥�^p¦�;­o��¤�~\�Pw�vuyMy�su�Ip�p�s����P��vu~or-�;n/tM���P�Ivu�otB�¦q � {ot³n�tk�;s��
��vuw�t������e��|\�;n��/p-�Pn�t+m\p}tk�D­¯�Pn%��n�vu�PtBn/p��P~\��tBw+¢0tB�o��tk�
y(�I~���n/�Ps#�Ps�rI�Pn/v��/{owzpz��{ovªy^{®w��Ip}��su¤¨���°~o�P�@~otBtB�®�o¤I�
~\�Pw$vªy�y(sª�Pp/p�s����P��vu~orzß¯{o�e�ht��It�n7�=p}�Is�m��/v��I~+­¯�In'��¤�~\�;w�vªy
y(sª�Pp/p�su�I�P�ov�~or$vªp�|osª�;~o~otk�¦�op�t�t�p�tBy��/v��I~ ñBþ�â q
���P¸ �-¹ ßá�I���e��¸�tB�Ps�� � vuw$tD¢�¤ ¹ vut�w�t�~�p â vªpz�;~Qv�w�|osut(�
w�t�~��/�;��vu�P~��;­�� Û �Pn/t$�����e�9y(�Pw�|ovusut�n��;~��¡�/{otÐ¸ � Ûhý
suv�¢on^�;n/vutBpBqð§#m���|\m��D�P­���{ot��I�I¸ �-¹ y(�Iw$|\v�sut�n@vup@|osª�e�}�
­¯�Pn/w vu~\��tB|�tB~\��t�~��_
pi ¹�¶ � Û y(����t��Pp7�ht�suso�Pp'�����e�#y����ot
­¯�Pn¡��{ot ± �Ip}tBs�vu~ot(� Û �Pn/tWy(�Pw�w�mo~ovªy��e�/v��I~�q � {ot«|osª�e�}�
­¯�Pn/w·�ot�|0t�~\��tB~��M|\�;n��/p'�Pn�t�|osª�Py�tB�$v�~zp�t�|\�Pn/�;��th�P|0t�n^�e���
vu~orUp�¤�p}��tBw �ot�|0t�~\��tB~��#vu~\y(sum\��t�²�s�tkp�q ¶ ~£�I�o��v���vu�P~9��{\t
y(�Iw�w+mo~ovªy��;��vu�P~�¢�t��¥�ctBt�~ ± �Ip}tBs�vu~oth�;~\� Û �Pn/t³vªp7v�w�|osut(�
w�t�~���tk�Dv�~9|osª�e��­¯�Pn/w���t�|0t�~���t�~�� Û ²\s�tkp�q
� {ot�|on/�;�/�;�¥¤�|0tÅ���P¸ �-¹ y(�Iw�|ov�sut�n®�P~\� n�m\~I�/v�w�t�suv��
¢on^�;n/v�tkp��ht�n/tzv�w�|osut�w�t�~��/tB�W­¯�In+¸ ��ä vu~�moµÜq � {\t Û �Pn/t
|\�Pn}�^p��P­%�P~Q�P|o|osuvuyB�e��vu�P~Åß¯n/tB�Ps��G��vuw�t@|��;n��/p â �Pn�t9y(�Iw$�
|ovus�tk�É���«~\�;��vu�Pt¡y(����t�n/mo~o~\v�~or«��vun/tBy��/s�¤É�P~Q��{\t�n�tk�;s��
��vuw�t©p�y^{\tB��mosut�nkqá�o�In9¸ ��ä v�~�m�µ���{ot«n/tB�Ps��G��vuw�t�y����ot
{\�IpÐ�/�°¢0t�y��Pw�|ovus�tk�®vu~I�/�°�It�n/~ot�s%w����omos�tkp@��{\�;�Dy��P~
¢0t@su�I�I��tB�©�o¤�~��;w�vuyB�;sus�¤IqD�ÝvurPm\n�t þ p�{o�e�-p��/{ot@��{\�Psut
¢omovusª�+|on/��y(tkp�pÝ�;­Ü�#���P¸ �-¹ n/tB�Ps��G��vuw�th�����e� �P|o|osuvuyB�e��vu�P~gq
�Msª�e��­¯�Pn/wð�ot�|0t�~\��tB~��c²\sutBp³­¯�Pnh¸ ��ä vu~�moµz�Pn�t t�~\y�v�n^y(sutB�¦q

²  �¡6°9®+¯]©9°]±[¥
²  R¡6°�âSã ¡  R¦]ªR¯O¬�°

²  �¡6°�ä�å9­ ¥PæMçJ°�è9éJ±R°+ê9¥Pæ+ A­
²  �¡6°�èSéJ±R°Rê ¥Jæ+ R­
ë ±R Rê]°�ìSè9éJ±R°+ê ¥Pæ+ R­

²  R¡6°S²6¬Sª6í9í
²  R¡6°�î9¡9¡ ª�ï
î]¬S¬S ]±Rª�¥Jæ+ R­6²  +­ ¥6°�é9¥
ë ê6°]± æ+ª ¬+î]¬9¬S ]±+ª�¥Pæ+ R­
²  R¡6° ë ¥9¡Jæ�­ ¢

ð ïS­]ª[ç�æS±+²  �¡ ° ë ¥9¡Pæ$­9¢
î9â9²Sè9«6°R­9¥9ñ6ªR­6ì ¬S°�¡
î9â9²Sè9«6°R­9¥
²  R¡6°�ä6°�¢JæSíA¥9¡9ï
ë æ�¢S­]ª ¬]æ$­ ¢ ë °[çJªRê9ã] �¡9°
²  +å9­ ¥Pæ�­9¢ ë °[çPª+ê9ã] �¡6°
ò å9¥6°�é
²  +­6óJæ[¢Så9¡6ª�¥Pæ+ +­
âPæ.çP°
ô ­Jí æ[¢S­]°�ì
²  R¡6°�â6ª]í[õ

ö ë ä â6ª6íAõ
ë ê] �¡6ª�ìJæS±Aâ6ª6íAõ

ö ®+÷6 �¡9¥

øSù�úSû[üAý	þ6ÿ9û����
÷ ²�÷
î9¥  [ç:æS±

��v�rImon/t ÷ � Û �Pn/t?
p� ¶

©9ª�«6ª�£-¬SªR­ ¢_£-®+¯]©9°6±A¥
¬SªR«6ª4£-¬Sª+­ ¢}£q²6¬�ª]í9í�¬R 9ª�ì °+¡

� ª]íR° ¬6æ�­]°S²  R¡6°S²6¬Sª í9í�¬R 9ª�ì °R¡
²  R¡6° ð  [çJªOæ�­
©9ªR«6ª4£-¬Sª+­ ¢9è9éJ±+°Rê ¥Pæ[ R­
®+¯6©9°]±A¥��  �¥��6 RåS­6ìSè9é]±R°+ê ¥Oæ+ R­
²  R¡6° � ª]í+° ¬]æ�­]°RäSå9­ ¥OæMçJ°�è�éJ±R°Aê ¥Jæ+ +­

��vurPmon/t ú � ± �Pp�t�suv�~ot5
p� ¶



��vurPmon/t þ �'¢om\v�sª�D|on���y�tBp/ph�P~\�D|osª�e�}­¯�In�w ��t�|0t�~\�ot�~���²\sutBp

ÿ�tMv�w�|osut�w�tB~I�/tB�=�/{otcy��Pw�w+m\~ovuyB�e�/v��I~%�P­ ± �Ip}tBs�vu~otM�P~\�Û �Pn/tU�����e����vu�
��i ¶ ß}æ ½eçe½	�+½eËGÁÃçe¼ / Í�Ë¬¼�Ç¯ü(½Pí^¼�â �/{\�e�$vup
p�mo|o|0�Pn���tB�°¢�¤«w$��p¥�z�I�# ¡pBq ¹ vu~\y�tD�Ps�sh��{\tDn/tB�Ps��G��vuw�t
|on/��y(tBp/p�v�~or�p}{\�Pmosª�«�^�;�PtD|osª�Py�t@vu~°�/{ot Û �Pn/t@|\�Pn}�$��{\t
vu~I�/t�n�­Ï�Py�t�¢�t��¥�ctBt�~b��{\t Û �Pn/t��;~\�Q�/{ot ± �Pp�t�suv�~\t�|\�;n��
�;­7�;~9�;|o|\s�vªy��;��vu�P~Uvªp��PtBn�¤Ðp�wz�;sus¦�;~\�U��{ot�|0���Pn�|0t�n�­¯�Pn��
wz�;~\y�t=�;­'��i ¶ vªp�~o�;� �P~@vªp/p}motIq


 {_�����=Þ Ú-��3p�q�:�n�ÝÓ³Ô ��ÔoÚ¥Ö³Ó

� ��rIt(�Ðå�movªy^�©n�tkp}m\s��^p+�/{ot¡���P¸ �-¹ y��Pw�|ovus�tBn�vupz¢��Pp�tB�
�P~ v�~,§#|�tB~ ¹ �Imon^y(t6�����e����� Û ��n^�;~�p}sª�e�/�PnÉyB�;sus�tk�
� ÆBí
� �#��n/v�����tB~®¢�¤ Û {\�;n/s�tkp ± n/vup/y(��t(� ¹ w�v���{ ï feò q � {ovup
��n^�;~�p}sª�e�/�Pn¡��vª��~o�P�
p}m\|o|��In}�£��{on/tB�I�op£�P~\� ��{otBn�t�­¯�Pn/t
~o� p�¤�~�y^{on��I~ov��B�e�/v��I~�q � {ovªpb���Ppb�P�o�otB�����1v�w�|osut(�
w�t�~���²  R¡6°�â6ª]í[õÜ� ö ë ä9â6ª]í[õ��;~�� ë ê] �¡ ªSìJæS±Aâ ª]íAõ��P­g��{\t
¸ � Ûhý p}|0tBy�v�²�yB�e�/v��I~�q ¹ vu~\y(t«�htW~ot�tk��tB�Å�Q|�tBn�vu����vªy
�/�Ip}� º ��{ovªy^{�vªpQ�ö�/�Ip}� t�µ�tBy(mo��vu~or·|0t�n/vu���ovuyB�;sus�¤ �e­Ã�
��tBn+��p�|�tky(v�²\tB���/v�w�t º �htU�P�o�otB�W�;~«�P�\��v��/v��I~\�;scy(sª�Pp/p
÷6°�¡Jæ+ SìJæS±[â6ª]íAõÜq
� {ot Û �Pn/t-suv�¢on^�;n/¤$�h�Ip³vuw�|os�tBw�t�~���tk�Up}��n^�;vurP{��}­¯�In����;n^�¦�
wz�;|o|\v�~or«w�m���t�µ�tBpB�cvu~���t�n/n/mo|��Ð{\�P~\��sut�n^p�t(�/yPq³��vun�tky��/s�¤
������{ot�­¯m\~\y��/v��I~\pM|on/�e��vu�otB�$¢�¤+�/{ot-mo~\�ot�n/s�¤�vu~or�p}¤�p}��tBwDq
i �;��vu�Pt Û y(����t£m\p}tk�bv�~b�/{ot¡suv�¢\n/�Pn�vutBp�vªpÐ�htB���ItB�Q��v��
n/tBy��/s�¤£v�~����D�/{otz�Pm��/|om����P­³��{\tÐy(�Pw�|ovusut�nkq ¹ �@�/{ot�n/t�vup

~o�U�I�o��v���vu�P~\�Psgn/mo~���vuw�t+�e�PtBn�{\tB�P�U­¯�Pn%vu~��I�P��vu~orz~\�e�/v��It
w�t(�/{o���op�q
¶ ~b��{\t¡­¯�Psusu�e��v�~or©p�tBy(��vu�P~¨{\�P~\��suv�~\r©�;­=��{\t¡v�~��/t�n/n�mo|o�
p�t�n/��vªy(t@n��Im���vu~otkp��7�/{otDy��Pw�w+m\~ovuyB�e�/v��I~°¢0t(�¥�ht�t�~°n�tk�;s��
��vuw�t#�P~\�z~o�I~��Gn/tB�Ps��G��vuw�t�|\�;n��/pc�Pp³�ctBs�s0�Pp'�/{ot w�tBw$�In�¤
wz�;~\�PrPtBw$tB~���p}��n^�e�/t�rI¤zvup���tkp�y�n�vu¢0tB�¦q

� ÒIÓcÔ ��ÕoÕ\Ø�3-Ôx�S��Õ ~-Ú�ÙP�6ÕoÖ³Ø-ÔoÚ}Ó��:�

± tByB�;m\p�t �P­��P¢ Ú¥tky��c�In�vut�~��^�e��vu�P~@�I���e��n/tBå�movun�tkpMn/mo~���vuw�t
�e�PtBn�{\tB�P�Ðt��PtB~Ð­¯�In�y��P~\y�t�|��/m\�;susu¤Up}vuw�|osut#�^�Pp���pcsuvu�Pt%v�~��
��tBn�n/mo|���{��;~\��suvu~or\q

-~�vu~I�/t�n/n�m\|��gp}tBn���vªy(t'n/�Pm��/v�~\t-ß ¶}¹ ¸ â
vu~U�I���e��ßÏ¸ � Ûhý â vªpMvuw$|\s�tBw$tB~���tB�Up}vuw�v�sª�;n'�/���%�/{on�tk�P�¦q

�¦] �¡9õ�����w�t(�/{o���D{\�Pp��/�z¢�t+v�w�|osut�w�t�~��/tB�9vu~9�zp�mo¢��
y(sª�Pp/p��P­ ö ë ä9â6ª]íAõ0q � {ot+vu~���tBn�n/mo|�� ~�mow�¢�tBn vªp �zw�tBw��
¢0t�n��e�;n/vu�P¢osut+�;­c��{ovªp�y(sª�Pp/pBq � {ot�n/t�y��;~
¢�tzp�t��It�n^�;s�v�~��
p}�/�;~�y(tBp��P­ �/{ot�p��Pw$t�y�su�Ip�p${\�P~\��suv�~or«��v�ãÜt�n/t�~��Ðv�~��/t�n��
n/mo|��/pBq
� �®�Py�y�tBp/p9w�t�w+¢0t�n£���Pn�vª�;¢\s�tkp9v�~ ��{\t Û �/n/�P~\p�su�;��vu�P~
�;­h��{\t ö ë ä9â6ª]í[õ��D|0�Pvu~I�/t�n=�/�9��{otÐy��Pn/n�tkp}|0�P~\�ov�~orD�P¢o�
Ú¥tBy(��{\�Pp�����¢0tz��~\�e��~
vu~\p�vu��t��/{ot���n^�;~�p}sª�e�/tB��¦6 �¡9õ����
w�t(�/{o���¦q
¶ ~Un/tB�Ps��G��vuw�t �I|�tBn/�;��vu~or�p�¤�p¥�/t�wzp ¶}¹ ¸-p��;n/t#�Pp/p�v�rI~otB�$�/�



�«{\�Pn/�o�h�Pn�t9vu~I�/t�n/n�m\|��U¢�¤Q�°p}¤�p}��t�w y��Ps�sGq � {ovªpUy��Ps�s
{\�IpM�P~\s�¤��¥�c��|��;n^�;w�t(�/t�n^p��g��{ot-vu~���tBn�n/mo|��³~�mow�¢�tBnc�P~\�
��{\t��I�o��n/tBp/p �P­³�/{ot�{��;~\��sut�n=w�t(�/{o���¦q ¶ ~
¸ ��ä vu~�m�µ£v��
�h�Pmosª�Usu���P�Ðsuvu�Pt%��{ovªpB�

¡9¥]¬��+¡6°���å]°6íA¥��]æ[¡����1æ[¡�­SåRç ¯]°�¡��
ã]ªR­6ì ¬S°�¡����

§ ­�y(�Imon/p�t9v��DvupU~o�;�Ð|0�Ip/p�v�¢osut��/�©|\�Pp/pÐ�Pn�rImow�t�~��/p$�/�
��{\t©{\�;~���s�tBn£w�t(�/{o����¢0tBy��Pm\p�t«v�����v�sus+¢0tÉyB�;sus�tk��¢�¤
��{\t�mo~\��tBn�su¤�v�~\rz�P|0t�n^�e��vu~orÐp�¤�p¥�/t�w9q � {\t�n/t(­¯�Pn/t%��{ot+v�~��
��tBn�n/mo|���{\�P~\��sut�n�{\�Ip#���9rPt��%�/{otz�P¢6Ú¥tBy���|0�Pvu~���t�n%­¯n/�Pw
p��Pw�t���{otBn�tht�sªp�tPq ¶ ~���{\t-�I�I¸ �-¹ n�m\~I�/v�w�t�t�~���vun��I~ow�t�~��
��{\t�n/t�vup@�W��n/�P|o|�tBn�­¯mo~\y(��vu�P~b­¯�Pn@�;sus-v�~��/t�n/n�mo|o�U{\�;~o�
��sut�n^p%­¯t(�^y^{ov�~\r9�P~W�P¢ Ú¥tky���|��Iv�~��/t�n��;­c��{otÐy��Pn/n�tkp}|0�P~����
vu~or ö ë ä9â6ª]íAõ��I¢ Ú¥tBy(�c­¯n/�Pw��$p�w��Ps�sÜ�^�;¢osut=��{ot�~\t��PtBnh�P~
vu~I�/t�n/n�m\|��h��yBy(mon^p�q � {ovªph��n/�P|o|0t�nhvup�m\p�tB�Ð­¯�Pn��;susÜv�~��/t�n��
n/mo|��/p%{\�P~\��sutB�£¢�¤ Û �In�t$�I���e�Ð�P|o|osuvuyB�e�/v��I~\p�q�¸-�PmorI{os�¤
��{\tD��n^�;|\|�tBn�­¯m\~\y��/v��I~Ésu���P��p$s�vu�Pt@��{ovªp�ßÏp��Pw�t9��t(�^�;vusup
sut(­Ã�-�Pmo� â �

«6 OæAì�æSí[¡��S°R­ ¥S¡9ï��$æ�­9¥&æ[¡���� �
æ�íA¡��S R¯6©9°]±A¥J§D �!S¥6ª+¯O¬S°#"uæ�¡$��%��
�¨ $&�'�çP°R¥Sã] SìOí(&�'+¦] �¡Sõ��)�- *���+

� {ovªp�vªp�y(�P~\~otBy(��tB�U���ztB�PtBn�¤z{\�P~\��sutB�Dvu~I�/t�n/n�m\|���¢�¤

¡9¥]¬��+¡6°���å]°6íA¥��]æ[¡����1æ[¡�­SåRç ¯]°�¡��
æSíA¡���°R­ ¥9¡9ï����

� {ot��I¢ Ú¥tBy(�Ð|��Iv�~���tBn/pU�;n/tD��n/v��}��tB~b���W�/{ot9�/�P¢os�t
��mon��
vu~orÐvu~ov��/vu�Ps�v��B�;��vu�P~��P­��/{ot ö ë ä9â ª]íAõÜq_
#y�y(tkp�p�vu~or���{ot+�/�;�
¢osut�ßs¥6ªR¯]¬S°#",% â ����tBp�~o�P�'n�tkåIm\v�n/tcw�m���m��;s�t(µoy�s�m\p�vu�P~+¢0t(�
y��Pm\p�t�v��%��v�susg~o�P� ¢0t+n/tB�;susu��yB�e�/tB�9�;~\�9�e�Ps�motkp-�;n/t��P~\s�¤
n/tB�P�bßá�e­Ã��tBn��/{otÐvu~ov��/vu�Ps�v��B�;��vu�P~«|o{��Pp�tz��{ot�n/t���{ot@{\�;~o�
��sut�n@��v�sus#~\�;�U¢0t
yB�;sus�tk�b��v��/{¨��{ot�y(mon/n/t�~��Ðv�~��/t�n/n�mo|o�
~�mow+¢0t�n â q
¹ � ��{oth�I���e���e�It�n/{otB�I� ­¯�In ¶}¹ ¸-pgvªpg��{ot³�/�;¢\s�th�Py�y�tBp/pg�P~\�
�;~$�P�o�ov��/v��I~\�;s�­¯mo~\y(��vu�P~zy��Ps�s�vu~+�/{ot?æSí[¡ °R­ ¥9¡Sï����c­¯mo~\y��
��vu�P~gq � {ovªpÝs�tk�P�opg���%p}suv�rI{���su¤%su�P~\rPt�nÝv�~��/t�n/n�mo|o��sª�e�/t�~\y�v�tkp
y(�Iw�|\�;n/tB�D�/� Û ¢\m��#�/{ovªp#vªp%�Ð|on/tB��vªy��^�;¢osut$�c�In/p}�}�Ìy��Ip}t
��vuw�tPq � {ovªp³��vuw$t%y��P~Ð¢�t=y��Psuy�mosª�e��tk�z¢�¤�su���P��vu~or��;�³��{\t
ßÏ�Ip�p�t�w�¢osu¤Ðsu�P~orPm��;rPt â �Pm��/|om��-�;­���{\t Û y��Pw�|ovus�tBn-��v��/{
��{\t¡�Pp/p}mow�|��/v��I~°�/{\�e�Ð�Ps�s-�o�;�/�W�;~��©�/{ot¡y(����t9�;­%��{\t
¦] �¡Sõ����=w�t(��{\���Dvªp�~o�P��vu~�y��Iy^{otPq

Ñ)- . �v���:�}Ú}Ó��P�R��ÖMÕ6�ÅÙÜÖ4�!� Ø Ó#Ú}ÙP��ÔoÚ¥Ö³Ó

� {ot |\n��P���;�¥¤�|0t vuw$|\s�tBw$tB~��/�e�/v��I~ �h�Ip����I~ot ­¯�In
¸ ��ä vu~�m�µ ïdckò q:
#p�w�t�~���vu�P~\tB�¦��¸ ��ä vu~�moµ#m\p�tBp ¶ ~��/t�n/n�mo|o�

-¢�p¥�/n/�Iy���vu�P~D�/�zw��P�Pt ä vu~�m�µ@n/tB�Ps��G��vuw�t�y��P|\�;¢osutPq � {ovup
vªp��-�¥�c�P�G�It�n/~ot�s�p}�Is�mo��vu�P~���{otBn�t ä vu~�m�µ�n�mo~�pÝ�I~����I|+�P­\�
n/tB�;s��G��vuw$t�p/y^{otk��mosut�nkq}� t�~\y�t���{ot Û �Pn/t�¸�mo~���vuw�t+t�~���v��
n/�P~ow�t�~���{\�Ppc�/�$n/mo~D��v�n/tBy(��su¤Ð�P~U��{ot=n/tB�Ps��G��vuw�t%p/y^{otB���
mosut�n%�;~\��y��Pw�w+mo~\vuyB�e��vu�P~9w�m\p¥�%¢�t+|���p�p�v�¢\s�t�­¯n/�Pw ��{\t
n/tB�;s��G��vuw$t=�/{on/tB�P�\p����z�/{ot+~\�P~��¬n�tk�;s��á�/v�w�t%��{\n�tk�P�op n�mo~o�
~ovu~or��P~Ð��p}�/�P~\�o�Pn/�$�P�% :�P~$���I|��;­Ü��{ot ä vu~�moµ��PtBn�~\t�sGq� {ovªp+vªp�v�w�|osut�w�t�~��/tB�©¢�¤«p��Pw�t@y��Pw�w+mo~\vuyB�e��vu�P~«n/�Pmo�
��vu~otkp �/{\�e�=m\p�t+�/{ot�� ¶ ��§%p#|on��e��vª��tB�¡¢�¤¡¸ ��ä v�~�m�µ�­¯�In
y(�Iw�w+mo~ovªy��;��vu�P~Ð¢0t(�¥�ht�tB~Un/tB�Ps��G��vuw�t-��{\n�tk�P�oph�;~\�U~o�P~o�
n/tB�;s��G��vuw$t ä v�~�m�µ@��{on/tB�I�op�q � {otBp�t�� ¶ ��§%p��;n/t��PyBy(tBp/p�tB�
¢�¤Ð~\�;��vu�Pt�y(����t���vª�$�Si ¶ ßÃ²\rImon/t �Pâ q
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� �D�Iy�y(tkp�p%w�t(�/{o���op=vu~¡��{\t Û �Pn/t�y(����t$­¯n/�Pw ± �Pp�t�suvu~ot
��{\tBp�t�w�t(��{\���\p {\���It=���Ð¢0t+wz�Pn��ItB�9�Pp Û �In�t�� ± �Ip}tBs�vu~ot
w�t(�/{o���opz��v���{b��{\t¡�PtB¤��h�Pn^� � ½eÎ(¼�¾�ÁÃÍÜ¼�< �h­¯�PnUt(µo�;w�|osut
ßH²  �¡6°�â ª]íAõ�vuph�/{ot Û �Pn/t%��{on/tB�I�@y�su�Ip�p â �

ê9å9¯O¬6æS±L±�¬Sª]íSí�²9 R­ ¥9¡6 9¬9¬S°�¡ °�é9¥6°R­ ìOí
²  �¡6°Râ6ª]íAõ>=
£9£9£
ê9å9¯O¬6æS±=«6 OæAì@? þ(�Oû�ACB[ùJû íR°�¥ ë ê]°9°Sì��6£9£9£D�
£9£9£
ê9å9¯O¬6æS±=«6 OæAì@? þ(�Oû�ACB[ùJû ¢6°�¥ ë ê]°9°Sì��E�
£9£9£

± ¤W~o�e� �P~\s�¤���{\t@w�t(�/{o���op$��{ovªy^{°wz��¤W¢�t9�PyBy(tBp/p�tB�
¢�¤ ± �Pp�t�suv�~\t Û ����t��Pn�t%wz�;n/�Ptk�¦q
§#¢ Ú¥tky��/p�v�~\p}�/�P~���vª�e��tk�£vu~W��{\t Û �Pn/t$|��;n��+y��;~�¢0tÐ|omo¢��
suvup�{otB�@�/� ± �Ip}tBs�vu~ot=��v��/{��$p}��n/vu~or�~\�;w�tP�

ò ï ²  R¡6° ®+¯]©S°]±A¥&±+ F!
­]°R¦ ò ï9²  �¡6° ®A¯]©9°]±A¥������

²  �¡6°Rä6°�¢PæSí[¥9¡9ï}£
ê9å9¯]¬]æSí[ã6�HGuçOï]®+¯6©9°]±A¥�I�J�G���±R ����

§#¢ Ú¥tky��/pÝ�;n/t'|omo¢osuvªp}{otk��¢�¤%p�t�~���v�~\r���{ot³~\�;w�tP�k�/{otM�¥¤�|0t
�;~��°�
mo~ovªåIm\tD�I¢ Ú¥tBy(� ¶ ø:��vª� � ¶ �7§ ���
��{ot ± �Pp�t�suvu~ot
K ´�µ�¶�¸^¶ ÉdÄ'ÃuÅ|Å[Æu·ºÃ¨·^ÉdÆ.Å&·^µAÃ¨·�Ö[Æ1¶�Ä^Å�L ·�ÉdÅM·º¸^Æ$Ö[Ô�È�¶ Ã Å�¶qÂ
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NPORQPSRTES
UCVRWYXDQDZ\[]QPS
UCVRWYXPS
QD^P_�WRSP`�VbaES(cbd,eHX
fEg WEVbU
aE_
X
hPQPSEW
i�j ÉdÅ
·^µ[¶�Ä^·ºÃ¨·ºÉdÈvÉdÅ[É ·^É)ÃuÌdÉlkq¶q¸



��v�rImon/t � �Mp}tB|\�;n^�e�/v��I~U�P­Ýn/tB�;s��G��vuw$t��P~\�U~\�P~��¬n�tk�;s��á�/v�w�t=|\�Pn}�^p

�I�#  ßá��tBp/y(n/v�¢0tB�®¢�tBs��e� â q � �Én�tky(tBv��It�w$t���{o����y��;susªp
­¯n/�Pw ± �Pp�t�suv�~otD�¡su���P|©vªp+suvªp¥�/t�~ovu~orW�e�$�P~o�;�/{ot�n`� ¶ ��§
­¯�Pn-y��Pw�wz�;~\�\p�ßH²  �¡ °�mJæSíA¥ °R­]°�¡ â q
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� {ot ± �Ip}tBs�vu~ot vu~\p}�/�P~\y(t�­¯�Pn ± �Ip}tBs�vu~ot(� Û �Pn/t y(�Iw$�
w+m\~ovuyB�e�/v��I~ vªp�²  �¡6° ð  [çPªOæ�­Üq �Mn/t���vu�Pm\p�su¤ |omo¢��
suvup�{otB� Û �In�t��I¢ Ú¥tBy(�/p®yB�;~,¢0t �P¢o�/�;vu~otk�:¢�¤:y��Ps�suvu~or
²  Sì9° ð  [çPª]æ�­h£-¬S S �õSåSê�������­¯�Pn�t�µ��Pw�|os�tI�

ò ï ²  R¡6° ®+¯]©S°]±A¥x¯J±R w!
²  �¡6° ð  [çPªOæ$­h£-¬S 9 RõSåSê6�HG¨çOï ®+¯]©S°6±[¥\I*J�Gx�)�
¯P±R 4£�ó  9 y�Yz${��:|4£PJ�z)JC}*�)�

ÿ¨{\�;��²  �¡6° ð  [çPªOæ�­}£-¬S 9 �õRå9ê6�P�z�Iy���m��;sus�¤«n/t(�/mon�~�p+vªp��
|on/��µ�¤%�I¢ Ú¥tBy(�7�o�Pvu~or �/{ot�y(�Iw$w�mo~ovªy��;��vu�P~+��v���{���{\thy��Pn��
n/tBp�|��I~\��vu~or Û �In�t��I¢ Ú¥tBy(�Bq � {ot��I�I¸ �-¹ y(�Pw�|ovusut�n%rPt�~o�
t�n^�e�/tBpM��{ot#|on���µ�¤�y(sª�Pp/p}tkp'­¯�In³tB�Iy^{ Û �Pn/t y(sª�Pp/p³y��P~��/�Pv�~o�
vu~or Û �Pn/t(� ± �Pp�t�suv�~\tcw�t(�/{o���opBq � {\tBp�t-|on/��µ�¤�y(sª�Pp/p}tkpM�;n/t
p�mo¢0y�su�Ip�p�tBp³�;­g� ± �Ip}tBs�vu~ot#�Pt�n^p�v��I~z�;­_²  �¡6°9®+¯]©9°]±[¥Ðß¯²\r;�
mon/t fIâ q
ÿ�t �P�o�otB� �;~ vu~I�/t�n/~\�;s y(sª�Pp/p
� ª]í+° ¬]æ�­]°�²  �¡6°S²9 R­9­6°6±A¥  �¡:��{\�;��{\�;~���s�tkpð��{ot y(�P~o�
~otky���vu�P~gq ¶ �@vªpU�©p�v�~\rPsut(���I~¨�;~\�¨m�p}tk�b¢�¤É��{\t£|on/��µ�¤
�P¢6Ú¥tBy��^p�q � {ot�n/t(­¯�In�tcv��7vªp��#p¥�^�e�/vuycw�t�w+¢0t�n7�P­���{ot�|on/��µ�¤
p�mo|�tBn/y�su�Ip�pp²  R¡6° ®+¯]©S°]±A¥Üq_
 � ª]íR° ¬]æ$­]°x�PæAó9 �mJæSíA¥ °+­]°+¡
���;v��/p+­¯�Pn�y(�Pw�wz�;~��op+suvu�PtD|omo¢osuvup�{ovu~or£�I¢ Ú¥tBy(�/p$vu~©��{\tÛ �Pn/t9�Pp��ht�sus �Pp�­¯�Pnzn/t(�/mon/~ov�~\r
­¯m\~\y��/v��I~\p¡ßÃ²�rPmon/t c;â q� {otW�Py(��m\�Ps=y��Pw�w+m\~ovuyB�e�/v��I~®vup9���I~ot�v�~ ~\�e�/v��It¡²\sutBp
��n/v�����t�~�vu~ Û q � {\tBp�t�²�s�tkp={\���Pt����9¢0tÐ�P�o�P|���tk�£��{otB~
|0�Pn���vu~orz�I�I¸ �-¹ ���z�P��{otBn�|osª�e�}­¯�In�wzpBq

��v�rImon/t c �Ý�Pm�µ�v�suvu�Pn�¤�y�su�Ip�p�tBpÝ­¯�Pn7�/{ot-���P¸ �-¹ vuw�|osut�w�t�~��
�/�;��vu�P~
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��v�rImon/t e p}{o�e�-p#�@p�tBå�motB~\y(t$��vª�;rPn^�;w �;­³��{ot$|omo¢osuvªy��e�
��vu�P~$�;~\�+� Û �Pn/t(� ± �Pp�t�suv�~\tMw�t(��{\����y��Ps�sGq:
 n�n/�e�-pgy�n���p�p}�
vu~or¡�/{otU{o�In�v����I~��/�;scs�vu~ot@¢�t��¥�ctBt�~ ± �Pp�t�suvu~otU�;~�� Û �Pn/t
�;n/t�p¥�^�;~\�ov�~or$­¯�In-�o�e�^�zp}tB~I���/{on��ImorP{@��{\t�� ¶ �7§%p�q � {\t
�o�;�/��p}tB~��-vup���tkp�y�n�vu¢0tB�@v�~D��{\t�¢\�;sus����I~\p�q
i �Pw�tP���¥¤�|�th�;~\� ¶ øÅßÃ­¯�Pn��P|o��vuw$v��B�;��vu�P~ â �;­�� |omo¢osuvªp}{otk�
�P¢6Ú¥tBy��D�;n/t¡n�tky(tBv��ItB�b¢�¤°�/{ot��PæAó  �mOæSíA¥6°R­6°�¡«�;~��bv�~��
��tBn�~��;sus�¤bp¥�/�Pn/tB�Qvu~6�«{\�Ip}{¨wz�;|¨�P­�²  �¡ ° ð  [çPª]æ�­«­¯�In
su���I��mo|�q � {ot
su�;�}��tBnUvªpU~\�;�@p�{o�e��~¨vu~¨��{ot�p}tkå�mot�~\y�t
y^{\�Pn}�kq
�\�Pn³tB�PtBn�¤�|omo¢osuvup�{otk�z�P¢ Ú¥tky�����|on/��µ�¤��P¢ Ú¥tky��³�I~
��{\t ± �Ip}tBs�vu~ot�p}vª��t�vup'y�n�tk�e�/tB�¦q � {ovup7|\n���µ�¤=�P¢ Ú¥tky��^p'y(�P~o�
�/�Pv�~�p³��n^�;|o|0t�n^p'­¯�Inh�Ps�s���{\t Û �Pn/t(� ± �Pp�t�suv�~\t�w$t���{o���ophvu~
��{\t�y(�In�n/tBp�|0�P~\��vu~or Û �Pn/t��I¢ Ú¥tBy(�Bq�ÿ¨{otB~£y��Ps�sutB�¦����{\tBp�t
��n^�;|o|0t�n^p�p}tB~\�W�'"PyB�;susMw�t(��{\���]"�y(�Pw�wz�;~��£­¯�Is�su�e�htB�
¢�¤$��{ot#�P¢ Ú¥tky�� ¶ ø���w$t���{o��� ¶ ø �;~�����{ot#|\�;n^�;w�t���t�n^p7�/�
��{\t ²  �¡ °�mJæSíA¥ °R­]°�¡Üq ¹ vu~\y�t+w+m\s��/v�|osut���{on/tB�I�op yB�;~¡y��Ps�s



��v�rImon�t f �My(sª�Pp/p}tkp³­¯�In ± �Pp�t�suv�~ot�� Û �In�t%y(�Iw$w�mo~ovªy��;��vu�P~

��{\t p��Pw�t-w�t(��{\���zy��P~\y�mon/n�tB~I�/s�¤��;~Ð�P�\��v��/v��I~\�;s�y��;sus ¶ ø
vªpMp}tB~��Bq � {ovupMvup'vuw�|��In}�^�;~��7������vªp}��vu~orPmovªp�{��/{ot-w�t(�/{o���
n/t(��m\n�~\pBq � {ot y��Ps�s ¶ ø�yB�;~z¢0t �=�/{on�tk�P� ¶ ø��Pn³��mo~ovªåIm\t
~�mow+¢0t�nkq+§#~¡�/{ot Û �In�t$p}vª��t��z�/{on�tk�P�£vup%p¥�^�;n���tk�¡t(µ�t��
y(mo��vu~or���{ot����;~��/tB�@w$t���{o���¦q
� {ot=y��Ps�suv�~\r ± �Pp�t�suv�~\t���{on/tB�I�Ðvªp³¢\s���y^�Ptk�z¢�¤z�5¦]ªOæ�¥�����q� {otzy��Ps�suvu~orU�/{on/tB�P�£��v�sus'¢0t$n/tBp�mow�tB�£¢�¤¡�X­] �¥Pæ[óSï����
�e­Ã�/t�n ��{ot+yB�;susup Û �Pn/t�w$t���{o����{��Pp-p�t�~�� v��/p n�t���mon/~��e�;s��
motkp�q ¹ v�~\y�tÐw+m\s��/v�|osut���{\n�tk�P�op�yB�;~«y��Ps�s Û �In�t�� ± �Ip}tBs�vu~ot
w�t(�/{o���op#y��P~\y�mon/n�tB~I�/s�¤Dn/t(��m\n�~��e�;sumotkp#�Pn�t+p}���In�tk�9v�~
�
{\�Ip}{�wz�;|£��v��/{���{otBv�n%y��Ps�s ¶ ø·�P~\��y��P~�¢�t+­¯t(�^y^{otB��¢�¤
��{\t���n/�P|o|�tBn/pBq

ÑMÑ � ���ðÖMÕ �#�n�'Ó��
74�����gÓcÔ

� {ot$�I�I¸ �-¹ n/mo~���vuw�t+tB~���vun��I~ow�t�~��#����tkp-~o�P�%p�mo|o|0�Pn��
rI�Pn�¢��;rPt�y(�PsusutBy��/v��I~
�Ip#��~o�e��~£­¯n��Iw ¹ �/�P~\�o�Pn/�
�P�% ¡p�q
 ���p¥�$n�tk�;s��á�/v�w�tUp��;­Ã�¥���;n/tUy(�Iw�|��I~ot�~��/p�suv��ItÐv�~��/t�n/n�mo|o�
{\�P~\��sut�n^pc�P~\�Ð��tB��vªy(t%��n/v��It�n^pM�h�Pmosª�Ð��tBn�vu�Pt#~o�+�In³�P~\s�¤
�@s�v��}�/s�t$¢�tB~ot(²\�%­¯n/�Pw,{�����vu~orD�;m��/�Pwz�e�/vuy+rI�;n/¢\�PrPt+y��Ps��
sutBy��/v��I~�q£§#~���{otÐ�P��{otBn+{\�P~\��rI�Pn�¢\�PrPtzy(�Is�sutBy(��vu�P~Wvuw��
|0�Ip�tBp7p}vurP~\v�²�yB�;~��My(��p¥�^pÝvu~���t�n/wzp7�;­0n�mo~��/v�w�t�tMjÐy(vut�~�y(¤P�
|on/tB��vªy��^�;¢ovusuv��¥¤U�P~\�9p}¤�p}��tBw�y(�Iw$|\s�t�µ�v��¥¤Pq
¸ � Ûhý |on/�e��vª��tkp³�/{ot�y(�I~\y(tB|��-�;­6� ¾Ã¾�Ækí^½eËGÁÏÆeÍQÄ'Æ;Í\ËÌ¼�ÊIËáÎ q
§#¢ Ú¥tky��/p��;n/tz�;sus���y��;��tk�W�P~«�;~=
 s�su��y��e�/v��I~ Û �P~���t�µ����;­
��{\t@y(m\n�n/t�~����/{on�tk�P�¦q � {\t 
-sus���yB�e��vu�P~ Û �I~���t(µ��$vup+n�t��
sutB�Pp�tB�%��{otB~=��{ot7�/{on/tB�P�%�/t�n/w�v�~\�;��tkp¦�Pn�yB�;~=¢�t³n�tBs�tk�Pp�tB�
t(µ�|osuvªy(v���su¤@¢�¤@��{ot�|\n��IrPn^�;w�w�t�nkq ¶ � vªp �;sªp��z|���p�p�v�¢\s�t=�/�
�;susu��yB�e�/tz�P¢ Ú¥tky��/p+�P~©��tk��vªy��e�/tB�D
 s�su��y��e�/v��I~ Û �P~���t�µ��/pBq� {ot9p}tky(�I~\�«w�t�w��Pn/¤©p}��n^�e��tBrP¤��;­#¸ � Ûhý �7�Ps�su��y��;��vu�P~
�P¢6Ú¥tBy��^p��P~@��{ot�p}�/�Iy^�Ðvªp-y(mon/n/t�~���su¤z~o�;�-vuw�|osut�w�t�~���tk�¦q

ë�ÁÏ¼�ç�¼ èÝÆkÆ/ì èÝÆ/é;ÁÏí
æ ½�»�À�ë ñ�ePù ÷P÷�c kPúIú
Ä=ó�ô fPù foñ fIù
ë�ê�Í��(�]� ÷Re�� ñkùRk�e cAf�k

� �P¢os�t ñ �'¢�tB~\y^{owz�;n/��v�~or$n/tBp�mos��^p

Ñ�� � ����Ø��ÌÔ6�

Þ |D�/�z~o�e�¨��{\t�n�tkp}mos��/p �;n/t#|on/�Pw�vªp}vu~or��

� Z6E$@9I:\RtxC_@�>AF^G	�:Y�Qp
#p¡t�µ�|0tBy(��tk� ��{otÉv�~���tBn�n/mo|��
su�;�
�/t�~\y�¤Q|0t�n/vu���\p@�Pn�t¡~\tB�;n/su¤É�/{ot
p/�;w�t��Ppz�/{ot�su�;�
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