
Publications 

1996 

An Almost Periodic Function of Several Variables With No Local An Almost Periodic Function of Several Variables With No Local 

Minimum Minimum 

Gregory S. Spradlin 
University of California, Davis, spradlig@erau.edu 

Follow this and additional works at: https://commons.erau.edu/publication 

 Part of the Analysis Commons 

Scholarly Commons Citation Scholarly Commons Citation 
Spradlin, G. S. (1996). An Almost Periodic Function of Several Variables With No Local Minimum. 
Rendiconti dell'Istituto di Matematica dell'Universita di Trieste, 28(1/2). Retrieved from 
https://commons.erau.edu/publication/244 

This Article is brought to you for free and open access by Scholarly Commons. It has been accepted for inclusion in 
Publications by an authorized administrator of Scholarly Commons. For more information, please contact 
commons@erau.edu. 

http://commons.erau.edu/
http://commons.erau.edu/
https://commons.erau.edu/publication
https://commons.erau.edu/publication?utm_source=commons.erau.edu%2Fpublication%2F244&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/177?utm_source=commons.erau.edu%2Fpublication%2F244&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.erau.edu/publication/244?utm_source=commons.erau.edu%2Fpublication%2F244&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:commons@erau.edu


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

, �-	�. �/� 01���2$��43 ������� ���

5(687:9<;<6>=@?<AB?:C:6ED<F
G>HJI4KMLON

PRQTS�SVUTWYXZQ<[]\_^a`cbedgfihZjikl`mfibon<klp�q<riklp-st`ud-p�n�qwvmxydgfih{z|ntji`udt}-`~beq�}�`Y}-klny�tq-jM`uq-�t`mv�`
be��nEfi`uq<}-` �8ntj�ntp-st`uq-�t`mvmn8`upi�:p�`~hZn8�tdwvmhZn8n8bo��n8p�d�p�q-�t��`~q_qgv�btklp�xy`up�`uxyd�v�dtboqwv�nt�
� v�h�j�n<q���`~dwv�q�j�n�ve� `up�h�k�`�s�`~d-p�nM�Rvo� nifintx8zO`ud�ji`u�tnMv�q�k�p�q2}-` �8n�j�n�p-stq�h�j�qEriklp-st`ud-p�`
qwvmxydgf�h�z�n�ji`~d�}�`ube��nB}-`ck�p�q�n�z�`l�k��tq-jM`uq-�t`mv�`~�

PR�:S�SBUTW��_[]\y�<p(qwvmxydgf�h�z|ntji`udt}-`~b8riklp�b�h�`ud�p(d�r�h��:d���q�ji`uq-�Mv�nMfy`mf�bod-plfih�jiklb�h�no}
h���q-hO`mfE`upi�:p�`~hZnMv���}-` �8ntj�ntp�h�`uq-�Mv�n8q�p�}
��qgfTp�d<vmd�boqgv�x�`up�`ux�klxy���ep�q-}-}�`uh�`ud-p�h�d
�on�`up���bed�klp�hZntji`up�hZkl`uh�`u�tni�:hm��n�no -q�x8z{v�n�j�nt��noqwv�fBq2}-` �8n�j�n�p�bon��onthZ�:nontp�qwvmxydgfih
z|ntji`udt}-`~b:riklp�bthZ`ud�plfyd�rBd-p�n�q-p�}�d�r<fin��tntj�qwvR�tq-jM`uq-�Mv�nMfi�

¡c¢ £�¤:¥�¦�§8¨�©
ª{¥�«�§c¤
¬�­�®l¯u°�±�²i³8´Oµ-¶�·�±{¸O·m¹Bº�»O­{¹w³i·m±a­Y¼�¸Oµt½¾­{µw¸�·u­�®�°¿±a°�µ-­�³-¼-·m²
®VÀ�µ-­{µ-¶i®l¯m·mÁ-®l³i·m±a­
±|ºc®Â´Oµ-¶o·m±{¸O·m¹�ºÃ»O­{¹w³i·m±a­YÄ�ÅY·uÆlµÇ´�µ-¶o·m±a¸O·m¹�ºÃ»O­{¹w³i·m±a­{²�¼�®|¯È°¿±�²i³_´�µ-¶o·m±a¸O·m¹�º�»O­{¹t\
³M·�±{­{²�¹-®�­ÊÉ�µ�¸Oµt½¾­{µw¸Ë±a­+Ì�¼{±a­ÍÌyÎa¼>µwÏ�µ-­�±a­�°�±a¶oµÂÀ�µ-­{µ-¶i®l¯E³i±a´�±�¯m±�À�·m¹-®l¯
À{¶o±a»O´{²ÑÐoÒ�Ó�ÔÖÕwÄc×Ø®�­�ÙÚ´O¶�±a´Oµ-¶o³M·�µw²Û±lº�®|¯È°¿±�²i³�´Oµ-¶o·m±{¸O·m¹Êº�»O­{¹w³i·m±a­{²+±a­�³�Ü{µ
¶�µ-®l¯R¯m·u­{µ2®�¶oµBÝ<µw¯m¯¾Æ{­{±lÝy­YÄ8ÞBÜ{µy´O¶o±{´Oµ-¶o³i·mµw²<±lºT®l¯u°�±�²M³
´Oµ-¶o·m±{¸O·�¹�ºÃ»O­{¹w³M·�±{­{²
±{­Ê±�³�Ü{µ-¶�¸O±a°�®l·u­{²2®�´O´�µ-®�¶�³i±(ÉOµ�¯mµw²i²ÂÝ<µw¯�¯
Æ{­{±lÝy­YÄ�ÞBÜ{·m²�´O®�´�µ-¶�´O¶o±lÏ�µw²
³tÜO®l³B³�Ü{µw²iµ2´O¶�±a´Oµ-¶o³M·�µw²�°�®�ÙßÉ�µ2Ï�µ-¶oÙ+¸O·�à:µ-¶oµ-­�³�Ä

ÞBÜ{µw²iµÂ¸O·áà:µ-¶oµ-­{¹wµw²�°�®�Ù(ÜO®-Ï�µ�·È°Û´{¯�·m¹-®l³M·�±{­{²�ºJ±a¶<³�Ü{µ�½Rµw¯�¸�±lº8¸O·�à:µ-¶oµ-­�\
³M·È®|¯�µwâ�»O®|³i·m±a­{²-Ä8ã<µw¹wµ-­�³i¯mÙ�¼aä{µ-¶i¶i®�¼�ÞE®�¶i®l¯m¯m±�®�­{¸2Þ:µ-¶M¶i®l¹w·u­{·�Ð�ÒáäOÞBÞ�ÔÖÕ>²i³t»{¸O·�µw¸
®�­2±{¶o¸O·u­O®�¶oÙ�¸O·�à�µ-¶�µ-­�³i·u®l¯OµwâO»O®l³i·m±a­¿¹w±a­�³t®l·u­{·È­{À2®�­�®|¯È°¿±�²i³
´Oµ-¶�·�±{¸O·m¹y³Mµ-¶i°(¼
½¾­{¸O·u­{À"®(²M±�¯u»{³i·m±a­"Ü{±a°�±{¹w¯m·u­{·�¹�³i±(Áwµ-¶o±RÄ�åæà:±a¶o³i²�³i±(²M±�¯mÏ�µ�³�Ü{µß´O¶�±aÉ{¯mµ-°

çZèté"êÈë�ìgíïîJíáðeðoñ�ì-ò�óïóuô�õcö�÷JñMî�ò�ø>ù:ë�íáú�ò�î�û�íá÷�ü�ñiý¾þYÿMóïíïýuñiîJë�íáÿ����TÿiútíáûVçuù������ õ��ïé	�



����� � � � � ���	�:õ ��
�ê
�

À�µ-­{µ-¶i®l¯m·mÁwµw¸Ñ³M±¿®����2å�ÜO®�Ï�µVº�®l·m¯�µw¸:Ä<ÞBÜ{µ�´O¶o±a±|ºT·u­"ÒáäOÞBÞ_Ôc»{²Mµw¸Ê³i±a´�±�¯m±�Àl\
·m¹-®l¯<´O¶o±a´�µ-¶o³i·mµw²2±lº<³�Ü{µ�¶oµ-®l¯8¯m·u­{µÍ­{±�³�²�ÜO®�¶oµw¸"É�ÙÊÌ Î Ð�������ÕwÄ���·áà:µ-¶oµ-­�³
®�´O´O¶o±a®l¹wÜ{µw²-¼
®l³M³iµ-°�´{³iµw¸ É�Ù�³�Ü{µ(®�»{³�Ü{±a¶�®�­{¸ ±�³�Ü{µ-¶o²-¼
°¿·�À{Ü�³�ÜO®�Ï�µ+²�»{¹t\
¹wµwµw¸Oµw¸ÊÜO®|¸ß·m³BÉOµwµ-­+³�¶M»{µB³�ÜO®l³<®�­�Ù+®l¯u°�±�²i³<´Oµ-¶o·m±{¸O·�¹�ºÃ»O­{¹w³M·�±{­�±a­¿ÌyÎ�ÜO®l²
®V¯m±a¹-®|¯R°�·u­{·È°�»O°(Ä8ÞBÜ{·m²
´O®�´�µ-¶E²�Ü{±lÝB²-¼lÉ�Ù�µ��OÜ{·uÉ{·m³i·u­{À�®V¹w±a»O­�³Mµ-¶oµ���®�°�´{¯mµ�¼
³tÜO®l³B³�Ü{·m²y´{¯u®�»{²i·uÉ{¯mµ�¼:·u­�³�»{·m³i·mÏ�µ�´O¶�±a´Oµ-¶o³oÙ+¸O±aµw²�­{±�³BÜ{±�¯m¸:Ä

ÅYµw³y»{²�¸Oµt½¾­{µ�®�­�®l¯u°�±�²i³�´Oµ-¶o·m±{¸O·�¹Âº�»O­{¹w³i·m±a­�±a­ÛÌ Î Ä<ÞBÜ{·m²y¸Oµt½¾­{·m³i·m±a­
·m²�³�Ü{µ�­O®|³�»O¶i®l¯:À�µ-­{µ-¶i®l¯m·mÁ-®l³i·m±a­�±lºyÐ���±aÜO¶iÕB®l¯u°�±�²i³y´Oµ-¶�·�±{¸O·m¹ß®�­{¸�·�²VºJ±a»O­{¸
·u­�Ò���µtÔeÄ��8·È¶�²i³-¼Y®�²iµw³ �"!�Ì Î ·m²$#&%('*),+�-/.(%0'*1$2,%(3546%�·�º
³�Ü{µ-¶oµ�µ��{·m²i³i²87:9<;
²t»{¹ ÜÂ³�ÜO®l³cºJ±a¶:µwÏ�µ-¶oÙ>=@?ÍÌ Î ¼l³�Ü{µ-¶�µ
µ��{·�²M³i²BAC?@�&ÝB·m³�ÜCDE=BF�AGD5H�7BÄ�IBµ��{³-¼
ºJ±a¶KJ 9�;�¼BLM ?(Ì Î ¼>®�­{¸ONQPlÌ ÎSR Ì�¼�Ý<µ�²�®�ÙTLM ·m²Ç®�­@J6UV),'*WYXZ4�+�[\%0#]-/X(2�±|º
N�·�º8ºJ±a¶B®l¯m¯�=^? Ì Î ¼�DENTÐ�=�_`LM ÕaFbNTÐ�=RÕ(D5HcJwÄd�8·u­O®l¯m¯mÙ�¼eN�·m²y¸Oµt½¾­{µw¸�³i±ßÉ�µ
)f'gWYXZ4�+h[\%0#]-/X(2,-/i�·�º
ºJ±a¶<µwÏ�µ-¶oÙ^Jj9<;O¼O³�Ü{µ-¶oµÂµ��a·m²i³M²2®ß¶oµw¯u®l³M·�Ï�µw¯�Ù�¸Oµ-­{²iµ�²iµw³
k:l<k�Ð�JiÕ]²�»{¹ Ü+³tÜO®l³<ºJ±a¶B®l¯m¯nm�?^k2¼om�·m²�®�­@J�\e®l¯u°�±�²M³y´Oµ-¶o·m±{¸�±lºpNcÄ

q µ�ÝB·m¯m¯æ´O¶�±�Ï�µ�³�Ü{µ�ºÖ±�¯�¯m±lÝB·u­{À	P
rSset QEW t SvuO[
wyx�z{%(#&%S%�|}-
46+/4~)��6��3	i0+�-�X,3Y��?@�>�(Ð~Ì�����ÌVÕa+/z{),+a-�4 ),'*W>X�46+
[�%(#�-�X02,-/i>)f3	2Cz{)Z483oX�'*X0i]),'�WY-/3	-/W>��W$�

�Vº
¹w±a»O¶o²iµ�¼oA�?ÍÌ � ·m²y¸Oµt½¾­{µw¸�³i±�É�µ¿®�'gX0i])f'GWY-/3	-/WY�{W1±|º�� ·�º
³�Ü{µ-¶oµ
µ��{·m²i³i²SJ 9c;�²t»{¹ Ü ³�ÜO®l³K�(Ð�=RÕd���ÍÐ�A{Õ�ºÖ±{¶B®l¯m¯�=Q?y�~�tÐ�AaÕg¼O³�ÜO®l³B·m²-¼�ºJ±a¶B®l¯m¯
=�?�Ì���ÝV·�³tÜcDE=CF�A�D�H`JwÄQ�
Ù�¹w±a­�³�¶i®|²i³-¼:·m³Â·�²�µ-®l²MÙÑ³M±Ê²�Ü{±lÝ1³�ÜO®l³�®�­�Ù
®|¯È°¿±�²i³
´Oµ-¶�·�±{¸O·m¹�ºÃ»O­{¹w³M·�±{­�±a­¿³�Ü{µB¶oµ-®l¯m²_°�»{²i³<ÜO®-Ï�µ_·u­�½¾­{·m³iµw¯mÙ(°�®�­�Ù�¯m±{¹-®l¯
°¿·È­{·u°�®�Ä�IV±�³iµ,P<ÞBÜ{µw±a¶�µ-°���Ä�;�·u°�´{¯m·�µw²Â³�ÜO®l³<ºJ±a¶�),3	1��b�:�O¼R³tÜ{µ-¶oµ2·m²2®�­
®|¯È°¿±�²i³y´�µ-¶o·m±a¸O·m¹�º�»O­{¹w³i·m±a­(±{­ÛÌyÎ2ÝB·m³�Ü(­{±+¯m±a¹-®|¯T°�·u­{·u°�»O°�P
¯mµw³ �@ÉOµ�®l²
®�ÉO±lÏ�µ2®�­{¸(¸Oµt½¾­{µ

��ÍÐ�=>Õ�� ��ÍÐ�=����]= � �(�0�(����= Î ÕB���ÍÐ�= �6��= � Õe� Ð&�,���-Õ
ÞVÜ{µ-­ ��`?@� � Ð~Ì Î �oÌ�ÕTÜO®l²�­{±�¯m±{¹-®l¯T°�·u­{·u°�®O¼YÉOµw¹-®�»{²Mµ8�@ÜO®|²y­{±a­{µ�Ä

ÞBÜ{·m²y´O®�´�µ-¶<·m²B±a¶oÀa®�­{·�Áwµw¸Ê®|²
ºJ±�¯m¯m±lÝB²(PE·u­Êä{µw¹w³i·m±a­@�O¼{³i±�°�®�ÆlµÇ¶�µ-®l²i±a­�\
·u­{À�²M·È°Û´{¯�µ-¶g¼OÝ<µ<ºÖ±{¶i°�»{¯È®|³iµÇ®�¸O·m²i¹-¶oµw³iµ�Ï�µ-¶�²i·m±a­�±|º�³tÜ{µÇ´O¶o±{É{¯�µ-° Ä
ÞBÜO®l³�·�²�¼
Ý<µ�¸Oµt½¾­{µ2­{±�³M·�±{­{²B±lºæ®l¯u°�±�²i³y´Oµ-¶�·�±{¸O·m¹w·m³eÙÊ®�­{¸(¯�±{¹-®l¯T°¿·È­{·u°�»O° ºÖ±a¶�º�»O­{¹t\
³M·�±{­{²~¡ � R Ì�¼l³�Ü{µ-­(¹w±a­{²M³�¶i»{¹w³B®Âº�»O­{¹w³i·m±a­�¢£PZ¡ � R Ì ³�ÜO®l³<²�®l³i·m²o½Rµw²�®�­
®�­O®l¯m±�Àa»{µ�±lº
ÞBÜ{µw±a¶oµ-°¤��Ä�;OÄ�¥�­(ä{µw¹w³M·�±{­^¦O¼OÝ<µ�µ��a³Mµ-­{¸@¢ß³i±¿Ì � ²i±Û³�ÜO®l³<·m³
·m²B·u­�½¾­{·m³iµw¯mÙ(¸O·�à:µ-¶oµ-­�³M·È®�É{¯�µ�¼Y®l¯u°�±�²M³_´Oµ-¶�·�±{¸O·m¹�¼¾®�­{¸ÍÜO®l²B­{±�¯m±a¹-®|¯�°¿·È­{·u°�®�Ä

§E¢ ¨C©Bª¬«"«®­�ªO¦fªO¥�«°¯�ª>¨<±�¦�§e²a³°ªo´
Å�µw³�»{²2À�µ-­{µ-¶i®l¯m·mÁwµ¶µ�®|¯È°¿±�²i³2´Oµ-¶�·�±{¸O·m¹�·�³i±+ºÃ»O­{¹w³M·�±{­{²2±a­y¡ � ·u­"³tÜ{µ¿°¿±�²i³
±{É�Ï{·m±a»{²�ÝB®�Ù�Ä^¥�º8¸<P�¡ � R Ì�¼eJ@9¹;�¼
®�­{¸ºmº?:¡ � ¼8²�®�Ù�³�ÜO®l³$m�·m²ß®�­



õ���õn
���� ���Q���o�Tê�� �8ê�þ
	Oùn�8þ��Tê����Êòo÷�
 � �����

J6UV),'*WYXZ4�+e[�%(#�-�X022±|º�¸�·�º�DE¸8Ð�=S_�m{Õ�Fb¸8Ð�=>Õ(D�H�J]ºÖ±a¶V®l¯m¯n=^?�¡ � Äa��µt½¾­{µ>¸
³M±2ÉOµy®l¯u°�±�²i³
´Oµ-¶o·m±{¸O·m¹�·áºi¼lºJ±a¶EµwÏ�µ-¶�Ù J�9�;O¼l³�Ü{µ-¶�µBµ��a·m²i³M²_®�²iµw³8±lºnJ�\e®|¯È°¿±�²i³
´�µ-¶o·m±a¸O²V±lº�¸+³�ÜO®l³<·m²B¶oµw¯u®l³i·mÏ�µw¯mÙ+¸Oµ-­{²iµy·u­ÛÌ��tÄ���µt½¾­{µ�³�Ü{µÇ°¿µw³�¶o·m¹��¿±a­Y¡ �
É�Ù �¾Ð�=e�]A{Õ��`DE=���F¶Af�}D�_ D = � F¶A � D*� Ð�����;�Õ
q µ2ÝB·m¯m¯:¹w±a­{²i³t¶i»{¹w³d¢£PZ¡d� R Ì�²�®l³M·�²�ºÖÙ{·u­{À	P

Ð���Õ�¢+·�²�®l¯u°�±�²M³y´Oµ-¶o·m±{¸O·m¹�¼
®�­{¸+ºJ±a¶<®l¯m¯�=�?@¡ � ¼
Ð�����Õ�¢TÐ�A{Õ����¢TÐ�=RÕæºÖ±a¶V®l¯m¯nAC?@¡B��ÝB·m³�Ü��YÐ�=e��AaÕh� �,�B®�­{¸
Ð�������Õ�ÞBÜ{µ-¶oµ�µ��{·m²i³i²SA$?@¡ � ÝV·�³tÜ��YÐ�A	��=RÕe� �2®�­{¸C¢TÐ�AaÕdHT¢cÐ�=>ÕwÄ Ð��OÄ��-Õ

��µt½¾­{µ�³�Ü{µ�ÉO®l²M·�²�»O­{·m³�Ï�µw¹w³i±a¶�²������ Ð&�f�];�Õ<®�­{¸�� � � Ð�;��0�-ÕwÄ<ÅYµw³2»{²�²�®�Ù
®¿º�»O­{¹w³i·m±a­b¸�º�¶o±a° ¡ � ³M±�Ì ·�²@µ�ml\e´�µ-¶o·m±a¸O·m¹�·Ê·�ºK¸æÐ�=RÕK� ¸8Ð�=�_cm{Õ]ºÖ±a¶�®l¯m¯
=Q?@¡ � Ä��>±a¶���� �,�����(�0���O¼aÝ<µ�ÝB·m¯m¯E¹w±a­{²i³�¶i»{¹w³�¢���Pf¡ � R Ì�²�®l³M·�²�ºÖÙ{·u­{À

Ð���Õd;��¬¢ � Ð�=RÕ���¦ �! � ºÖ±a¶V®l¯m¯n=@?@¡ � ¼>®�­{¸
Ð�����Õp¢ � ·�² �#"(¦ � ���o\_®�­{¸^�#"(¦ � � � \]´�µ-¶o·m±a¸O·m¹�Ä Ð��OÄ���Õ

ÞVÜ{µ-­(¸Oµt½¾­{µ
¢$� �$ �&% � ' ��(;)(

�+*
¢ � � Ð�����¦�Õ

¢ ·m²(Ý_µw¯m¯�\�¸Oµt½¾­{µw¸ ®�­{¸&®l¯u°�±�²M³Ê´Oµ-¶o·m±{¸O·�¹,P�³�Ü{µ"®�É�±�Ï�µÊ²iµ-¶o·mµw²�¹w±a­�Ï�µ-¶oÀ�µw²
É�µw¹-®�»{²iµ�ºÖ±a¶V®�­�Ù@=@?@¡ � ¼

;,�¬¢TÐ�=RÕ-� �$ �&% � ' ��0; (
�.*
¦ �& � ��¦ �$ �!% � ' ¦�(; (

�
H0/:� Ð����.1aÕ

¢�·m²�®l¯u°�±�²M³2´Oµ-¶o·m±{¸O·�¹�¼�²i·u­{¹wµß®+¹w±a­�Ï�µ-¶oÀ�µ-­�³�²iµ-¶o·mµw²2±|º]´Oµ-¶�·�±{¸O·m¹+ºÃ»O­{¹w³M·�±{­{²
·m²�®l¯u°�±�²i³�´Oµ-¶o·m±{¸O·�¹�Ä

IB±lÝ Ý<µ�¸Oµt½¾­{µ�¢ � °�±{¶oµ2´O¶oµw¹w·m²iµw¯mÙ�Äd�R±a¶2�G� �,�]���0�(���ï¼{¸Oµt½¾­{µ�¢ � É�Ù
¢ � Ð�=>Õ��4356 57

��"(¦ � F�DE=��}D0FcD = � D98 DE= ��D���¦ � Fº�y®�­{¸ODE= � D���¦ � Fº�,�;:8 DE= ��DZ� ¦ � ±a¶�DE= � Df�<¦ � �¢;�JÐ�=8_º�<"(¦ � A{Õ���¢;��Ð�=>Õ<ºJ±a¶<®l¯m¯�=e�oA$?@¡ � �
Ð��OÄ&=�Õ



����� � � � � ���	�:õ ��
�ê
�

ÞVÜ{·�²<¸Oµt½¾­{·m³i·m±a­+·m²<¹w±a­{²i·m²i³iµ-­�³-Ä��8·mÀa»O¶�µ~�OÄ���²�Ü{±lÝB²�¢��yÐ�ÝB·m³�Ü ¢��gÐ�;5�];�Õ�����ÕwÄ
ÄÄÄ

�C;C�@¦,1@¦@��;C�
;C;C;@;�;C;@;�;C;
�C;C�@¦,1@¦@��;C�
¦C;C¦
1 =�1^¦�;C¦" " ":1@;�1�=��
=
1£;�1�" " "
¦C;C¦
1 =�1^¦�;C¦
�C;C�@¦,1@¦@��;C�
;C;C;@;�;C;@;�;C;
�C;C�@¦,1@¦@��;C�

ÄÄÄ
�8·mÀa»O¶oµY�OÄ���Ph¢ � ºJ±a¶8D = � D*�}DE= � D�� 1RÄ

¢ � ¹-®�­ËÉOµ�³�Ü{±{»{ÀaÜ�³�±|º]®l²2®¬µ�ÉO»O°Û´�·Ê²�»O´O´�±a¶o³iµw¸"·u­�³tÜ{µ�²iâO»O®�¶oµ��\DE= ��D �
¦ � F¬�,�ZDE= � D���¦ � F¶�	�2®�­{¸Ê¶�µ-´Oµ-®l³iµw¸Ê´�µ-¶o·m±a¸O·m¹-®l¯m¯mÙ�Äd¢;�>±aÉ�Ïa·m±a»{²M¯�Ù+²�®l³M·�²�½Rµw²Ð��OÄ���Õ-ÐÖ·ÈÕe\ Ð�·m·ÈÕgÄ�¢ � ®l¯m²i±+²�®l³M·�²�½Rµw²y³�Ü{µ�ºÖ±�¯�¯m±lÝB·u­{À(´O¶o±a´Oµ-¶�³i·mµw²¿Ð�²M±a°�µ�±lº
ÝyÜ{·m¹wÜ
¹-®�­ÊÉOµ�¹wÜ{µw¹wÆlµw¸(ºJ±a¶���� �2»{²M·È­{ÀC�8·mÀa»O¶oµ8�OÄ
��Õ�P
Ð���Õp¢ � Ð�=RÕd?@¡ØºÖ±a¶<®l¯m¯n=Q?@¡ � �
Ð�����ÕSDE= ��D ��¦ � F��B®�­{¸YDE= � D:��¦ � F���� ¢ � Ð�=>Õd9�;��
Ð�������Õ�¢ � Ð�=>Õ��<;
� ¢��-Ð�=RÕ��c¢ � Ð�=>Õ�� �(�0�}��¢ ��� ��Ð�=RÕ��<;��Ð�� M Õp¢ � Ð�=>Õ��<;�� ¢ � Ð�=YF �Z��Õ��<;S�c¢ � Ð�=8_ ����Õ

±{¶ ¢ � Ð�=YF � � Õ��<;S��¢ � Ð�=�_ � � Õ��Ð M Õp¢ � Ð�=RÕd9�;�� ¢ � Ð�A{Õ����¢ � Ð�=RÕ�ºJ±a¶B®l¯m¯nA�?@¡ � ÝB·m³�Ü �YÐ�Ao�]=>Õn� ��Ä
Ð M ��Õp¢;��Ð�=>Õd9�;�����¢;�JÐ�=�F � � ÕdHT¢��JÐ�=>Õ ±a¶ ¢;��Ð�=S_0� � ÕdHT¢���Ð�=RÕ��

®�­{¸���¢ � Ð�=$F�� � ÕdHT¢ � Ð�=RÕ�±a¶ ¢ � Ð�=8_ � � ÕdHT¢ � Ð�=RÕ����Ð��OÄ���Õ
� #&X(X ����Ð���Ä���Õ-Ð�·uÕ<®�­{¸ Ð�·m·ÈÕ�®�¶oµ�±aÉ�Ïa·m±a»{²-ÄBÞc±ß´O¶o±lÏ�µßÐÖ·�·m·uÕ�\ Ð�·mÏOÕw¼Y¸Oµt½¾­{µ�� �

³M±ßÉOµÂ³�Ü{µ�Áwµ-¶o±�²iµw³V±lºn¢ � ¼O³�ÜO®|³B·m²-¼
� � l����Y?@¡ � D�¢ � Ð���Õ��<;��
�����Y?@¡ � D	��� Ð�¦ � � � �]¦ � � � Õ��K� � ±a¶�� � ·m²�®�­+±{¸O¸Ê·u­�³MµwÀ�µ-¶wÄ�� Ð��OÄ���Õ

� � � � � � �"! � �0�(�á¼>´O¶o±lÏa·u­{ÀÑÐ�·m·m·uÕwÄ2Ð�·mÏOÕ<·m²Ç®l¯m²i±+±aÉ�Ïa·m±a»{²]ºÃ¶o±{° ³�Ü{µ�ºJ±a¶i°
±|º#� � Ä8Þ:±�´O¶o±lÏ�µ�Ð�ÏOÕw¼l¯mµw³K=@?@¡ � ÝV·�³tÜ�¢ � Ð�=RÕd9�;OÄ8ä{·È­{¹wµ�¢ � ·m²K� "&¦ � �Z�o\8®�­{¸
� ",¦ � � � \Ç´�µ-¶o·m±a¸O·m¹�¼<®�­{¸ ¢ � Ð�=RÕY9`;�¼æ®|²i²�»O°�µ�ÝV·�³tÜ{±a»{³�¯�±�²i²2±lºBÀ�µ-­{µ-¶M®l¯m·�³oÙ



õ���õn
���� ���Q���o�Tê�� �8ê�þ
	Oùn�8þ��Tê����Êòo÷�
 � �����

³tÜO®l³ D =��}D>®�­{¸�DE= � DY®�¶oµÂ¯�µw²M²2³�ÜO®�­ ±a¶�µwâO»O®l¯T³M±£¦
� F:��Ä�ÅYµw³8Ay?y¡ � ÝB·m³�Ü�YÐ�=h�]A{Õ~� ��Ä@¥�º�= �>�vAf�2³�Ü{µ-­:DE= � FºA � De� ��Ä@¥�º$DEA � Dh�v¦ � ®|¯�²M±R¼E³�Ü{µ-­

¢ � Ð�AaÕ��<;
��c¢ � Ð�=RÕwÄ8ä{±ß®|²i²�»O°�µ�DEA � D���¦ � Fº��Ä
ÞBÜ{µ-­
¢ � Ð�=RÕ�FQ¢ � Ð�A{Õ��`DEA � DZF�DE= � D)��<;�� Ð�������Õ

É�µw¹-®�»{²iµb= � ®�­{¸cA � ®�¶�µ(·È­�³iµwÀ�µ-¶�²ß³�ÜO®|³�¸O·�à�µ-¶+É�Ù<��Äc¥Öº>= � �� A � ³�Ü{µ-­
D =��BFºAf�}D{� ��®�­{¸y= � � A � Ä~¥ÖºjDEAf�(D{� ¦

� ®l¯m²i±>¼Y³�Ü{µ-­C¢ � Ð�A{Õd� ; �� ¢ � Ð�=RÕw¼
²M±ß®l²i²�»O°¿µ�DEAf�}D���¦ � Fº��Ä�ÞBÜ{µ-­

¢ � Ð�=RÕ�FQ¢ � Ð�A{Õ��`DEAf�(DZF�DE= �}D)��<;�� Ð������0;�Õ
ÐÖÏ�Õ<·m²y´O¶�±�Ï�µ-­YÄ
Þc±"´O¶o±lÏ�µÑÐ���Ä���Õ-Ð�Ï{·uÕw¼:¯mµw³�=:?�¡ � ÝV·�³tÜ ¢ � Ð�=>Õ$9v;OÄ�ä{·u­{¹wµC¢ � ·m²$�,",¦ � �Z�o\
®�­{¸��
"�¦ � � � \�´Oµ-¶o·m±{¸O·m¹/®�­{¸�²iÙO°�°�µw³�¶o·m¹�ÝB·m³�Ü�¶oµw²�´Oµw¹w³(³M±Ú³�Ü{µy= � \�®�­{¸= � \e®Z�{µw²-¼
®�­{¸¬¢ � Ð�=>Õ@9v;O¼<®l²i²�»O°¿µßÝB·m³�Ü{±{»{³�¯m±�²i²�±lº�À�µ-­{µ-¶i®|¯�·m³oÙ�³�ÜO®l³$=��
®�­{¸T= � ®�¶�µÍÉ�µw³eÝ<µwµ-­¬;�®�­{¸T¦

� F<��¼8·u­{¹w¯u»{²i·mÏ�µÚÄ�ÞBÜ{µ-­ ¢ � Ð�=�_ �Z��ÕÂ®�­{¸
¢ � Ð�=S_ � � Õ_®�¶oµ2ÉO±�³tÜ�¯mµw²i²�³�ÜO®�­ ¢ � Ð�=RÕg¼�´O¶�±�Ï{·u­{ÀÊÐ�Ïa·uÕ�Pa¥�ºB=��B�<¦ � F¬��¼{³�Ü{µ-­¢ � Ð�=S_ �Z��Õ��<;YH¬¢ � Ð�=RÕwÄ�¥�ºB=�� H�¦ � Fº��¼{³�Ü{µ-­�¢ � Ð�=S_ ����Õ���¢ � Ð�=RÕhFº�2É�Ù
³tÜ{µ2¸Oµt½¾­{·m³i·m±a­�±lºe¢;�JÄ
ÞVÜ{µ2¶oµ-®l²i±a­{·u­{À+·m²B³�Ü{µ2²t®�°�µ�ºJ±a¶p¢���Ð�=8_ � � ÕwÄIB±lÝ Ý<µB¹-®�­+´O¶o±lÏ�µ<³�ÜO®l³p¢ßÜO®l²_´O¶o±{´Oµ-¶o³i·mµw²2Ð��OÄ
�-Õ-Ð�·m·uÕ�\ Ð�·m·m·uÕwÄ8ÅYµw³K=@?@¡ �
®�­{¸cA:?<¡ � ÝB·m³�Ü0�YÐ�Ao�]=RÕY� ��Ä���Ù&Ð��OÄ���Õ-Ð�·m·uÕ�®�­{¸ Ð��OÄ
��Õ-Ð�ÏOÕw¼cºÖ±{¶�¯u®�¶oÀ�µ
µ-­{±{»{ÀaÜ��o¼f¢ � Ð�A{Õ����¢ � Ð�=>ÕwÄ8ÅYµw³�� �<��ÝV·�³tÜC¢���Ð�A{Õ����¢��¿Ð�=RÕ<®�­{¸@¢ � Ð�A{Õ��
¢ � Ð�=RÕ�ºÖ±{¶B®l¯m¯ ��� �,�����(�0������� F���Ä8ÞBÜ{µ-­

D ¢cÐ�=RÕ�FQ¢cÐ�AaÕ(D5� D �$ �!% � ' ��(; (
�.*
Ð�¢ � Ð�=>Õ�Fy¢ � Ð�A{ÕiÕ(D

� D
�$�!% � ' �

�(;�( � * Ð�¢��JÐ�=>Õ�Fy¢;��Ð�A{ÕiÕ(D
� ' �

�(; ( � * F �$�&% �  � ' ��(; (
�+*
D ¢ � Ð�=RÕ�Fy¢ � Ð�A{Õ(D

� ' �
�(; ( � * F �$�&% �  � ' ��(; (

�+*
¦ �! �

� ' �
�(; ( � * F ' �

�(; ( � * �$�&% �  � ' ��(; (
�+* � � *

¦ �! � �

Ð��OÄ��f�-Õ

�>±a¶�������_<��¼
� � F	� � � Ð���_
��Õ-Ð���F��ÑÕd� �{_����0��_<�f� Ð������0��Õ



����� � � � � ���	�:õ ��
�ê
�

ÞBÜ{µ-¶oµtºJ±a¶oµ
�$�!% �  � ' ��(;)(

�+* � � *
¦ �& � � �$�&% �  � ' ��(;)(

�! �
¦ �& �

� �(;
�
' ¦
�(;�( �  � � � �,;

�,;,;f; H
�
�0; �

Ð��OÄ��0¦�Õ

ÞVÜ{µ-¶oµtºÖ±{¶oµ2É�Ù"Ð��OÄ
�,�-Õ�\ Ð���Ä��(¦�Õw¼

D ¢TÐ�=RÕ�FQ¢TÐ�AaÕ0D,9 ' �
�0; ( � * ' ��F �

�(; ( 9�;5� Ð������ 1aÕ
´O¶�±�Ï{·u­{ÀÑÐ��OÄ
�-Õ-Ð�·m·uÕwÄ
Þc±Ê´O¶o±lÏ�µ(Ð��OÄ��-Õ�Ð�·m·�·uÕw¼>¯mµw³8=b? ¡ � ÄS��Ù/Ð��OÄ���Õ-ÐÖ·�·uÕ�\ ÐÖ·�·m·uÕw¼Y³�Ü{µ-¶�µ�µ��{·m²i³i² � �`�
ÝV·�³tÜ�¢���Ð�=RÕd9�;�®�­{¸Y¢ � Ð�=>Õ��<;VºÖ±{¶T®l¯m¯��G� �,�]���0�(���&��� F@��Än��ÙÊÐ��OÄ
��Õ-Ð�·mÏOÕw¼
¢;��Ð�=�_����Õ���¢;��Ð�=dF���-Õ��<;VºJ±a¶E®l¯m¯��G� �,�]���0�(�0�V� ��FC��¼�ÝyÜ{µ-¶oµ���~� � � ±a¶ � � Ä¬�²i²�»O°¿µ�ºÖ±a¶�²i·u°�´{¯m·m¹w·m³oÙ(³�ÜO®l³���~� �Z�-Ä���ÙØÐ���Ä���Õ-Ð�Ï{·uÕw¼0¢��¿Ð�=~_ �Z��ÕdH¬¢���Ð�=RÕ
±{¶�¢���Ð�= F ����ÕKH¬¢���Ð�=RÕwÄc¬y¯m²i±�®l²i²t»O°�µ<ºJ±a¶8²i·u°�´{¯m·m¹w·m³oÙß³�ÜO®|³�¢���Ð�=d_�����ÕdH
¢���Ð�=RÕgÄæÞVÜ{µ-­

¢cÐ�=>ÕeF ¢cÐ�=S_ ����Õ�� �$ �&% � ' ��(;)(
� *
Ð
¢ � Ð�=RÕpFQ¢ � Ð�=S_0����ÕiÕ

� �$�&% � ' �
�(; ( � * Ð�¢ � Ð�=RÕ�Fy¢ � Ð�=�_ �Z��ÕiÕ

� ' �
�(; ( � * F �$�&% �  � ' ��(; (

�.*
D ¢ � Ð�=RÕ�F ¢ � Ð�=�_ �Z��Õ(D

� ' �
�(; ( � * F �$�&% �  � ' ��(; (

� *
¦ �& �

� ' �
�(;)( � * F ' �

�0;�( � * �$�&% �  � ' ��(; (
� * � � *

¦ �& �
9 ' �

�(;)( � * F �
�(;
' �
�0;�( � * 9�;

Ð��OÄ�� =�Õ

É�Ù4Ð��OÄ
�(¦�ÕwÄ4Ð��OÄ��-Õ-ÐÖ·�·m·uÕ�·m²(´O¶o±lÏ�µ-­YÄ q µÑÜO®�Ï�µÊ¹w±{­{²i³�¶i»{¹w³iµw¸¬¢ PB¡ � R Ì
²t®l³i·m²oºJÙa·u­{À"Ð��OÄ��-ÕgÄ

��¢ �ß§c¤B­�¥�¦�©
ª{¥�«�¤	��
��ß§:¤:¥�«�¤T©�§:©B­�
8©
¤�ª{¥�«�§:¤
Å�µw³Ç»{²�µ��a³Mµ-­{¸@¢(³i±�®�º�»O­{¹w³i·m±a­@� ±a­Ê®|¯�¯c±lºTÌ � ³�ÜO®l³<·m²Ç®|¯È°¿±�²i³y´�µ-¶o·m±a¸O·m¹
®�­{¸/ÜO®l²�­{±�¯�±{¹-®l¯B°�·u­{·u°�»O°(Ä q µßÝB·m¯m¯<¸Oµt½¾­{µ@�ÍÐ�=>Õ�³i±�ÉOµ(®(Ý<µw·mÀaÜ�³iµw¸



õ���õn
���� ���Q���o�Tê�� �8ê�þ
	Oùn�8þ��Tê����Êòo÷�
 � ���]�

²t»O° ±lºS¢TÐ��aÕ�ºÖ±{¶�²iµwÏ�µ-¶i®|¯�� ?�¡ � ¹w¯m±�²iµ�³i±¶=cÄ&ÅYµw³ß³tÜ{µ(º�»O­{¹w³i·m±a­�� ?
�Y�(Ð~Ì����-Ò�;5�(�tÔÖÕ8É�µ2²�»O´O´�±a¶o³iµw¸(±{­+³�Ü{µ2²iâO»O®�¶oµ�Ò
FS�,�(�tÔ��ÚÒ�FS�f�(�tÔ 8�³�ÜO®l³<·m²-¼

�ÇÐ�=RÕ2��<;�� DE= �}D�H<�2®�­{¸¶DE= � D�H<�,� Ð�¦���;�Õ
q µ2ÝB·m¯m¯:¸Oµt½¾­{µ���°�±{¶oµ2´O¶oµw¹w·m²iµw¯mÙÊ¯u®l³iµ-¶gÄ���µt½¾­{µS�¹P�Ì � R Ì&É�Ù

�ÍÐ�=>Õn� $
�
	�� * �ÇÐ�=YF
��ÕV¢cÐ��aÕ�� Ð�¦����-Õ

ä{·u­{¹wµC� ¹-®�­�ÉOµ�¶oµwÀ{®�¶o¸Oµw¸"®l²�³�Ü{µ�¹w±a­�Ï�±�¯u»{³i·m±a­�±|º]®�� �� ºÃ»O­{¹w³i·m±a­ØÝB·m³�Ü
®�°�µ-®l²�»O¶�µ�¼e� ·m²�Ý<µw¯�¯�\�¸Oµt½¾­{µw¸�®�­{¸Ë·È­�½¾­{·m³iµw¯mÙ�¸O·�à�µ-¶�µ-­�³i·u®�É{¯mµ�ÄÊÞc±Ê´O¶o±lÏ�µ
³tÜO®l³K� ·m²�®l¯u°�±�²i³�´Oµ-¶o·m±{¸O·�¹�¼c¯mµw³�J 9�;OÄ<ÅYµw³ �@É�µ¿®Û¶oµw¯u®l³i·mÏ�µw¯mÙÊ¸Oµ-­{²iµÂ²iµw³
±|ºpJ�� 1l\e®l¯u°�±�²i³�´Oµ-¶o·m±{¸O²�±lºn¢:¼O·u­(³tÜ{µ2²iµ-­{²iµÂ±lº
ä{µw¹w³i·m±a­y�OÄ
ÅYµw³SmC?^� ®�­{¸
=Q?+Ì��MÄ
ÞBÜ{µ-­
�(Ð�=RÕ�Fb�(Ð�=S_�m{Õ
� $
��	�� * ��Ð�=YF��aÕ®¢cÐ���ÕhF $

��	�� * ��ÐiÐ�=S_ºm{Õ�F
�aÕ®¢cÐ���Õ
� $
��	�� * ��Ð�=YF��aÕ®¢cÐ���ÕhF $

��	�� * ��ÐiÐ�=S_ºm{Õ�F�Ð��~_�m{ÕiÕ®¢TÐ�� _�m{Õ
� $
��	�� * ��Ð�=YF��aÕ®¢cÐ���ÕhF $

��	�� * ��Ð�=YF��aÕ®¢TÐ�� _�m{Õ
� $
��	�� * ��Ð�=YF��aÕ-Ð
¢TÐ��aÕeFQ¢TÐ���_�maÕiÕ��

Ð�¦OÄ���Õ

��Ù Ð�¦OÄ�;�Õ]³�Ü{µ2¯u®l²i³�²t»O°�°�®l³i·m±a­�ÜO®l²2­{±(°�±a¶oµÂ³�ÜO®�­ ºÖ±{»O¶y­{±a­{Áwµ-¶�±(³iµ-¶i°�²-Ä
ÞVÜ{µ-¶oµtºÖ±{¶oµ�¼O²i·u­{¹wµ>;���� �<��¼

D �(Ð�=RÕ�Fy�ÍÐ�=8_ºm{Õ(D�� $
��	�� * D ¢TÐ��aÕeF ¢cÐ��K_ºmaÕ0D�H 1 ' J1 ( �<Je� Ð�¦���¦�Õ

� ·m²Ç®l¯u°�±�²i³y´Oµ-¶�·�±{¸O·m¹�Ä
Þc±�²�Ü{±lÝ�³�ÜO®l³��*ÜO®|²
­{±y¯m±{¹-®l¯R°�·u­{·u°�»O° ¼�¯mµw³
»{²8¸Oµt½¾­{µ��"°�±{¶oµ_´O¶oµw¹w·m²iµw¯mÙ�Ä
Å�µw³���²�®|³i·m²oºÖÙ

Ð���Õ��¬?@� � Ð~Ì>�wÒE;���� ÔÖÕ
Ð�����ÕSD �6D�� � ���BÐ��oÕ��<;
Ð�������Õ��BÐ�;�Õn� �
Ð�� M Õ��BÐ&F��oÕB���BÐ��oÕ�ºÖ±a¶V®l¯m¯�� ?ÍÌ
Ð M ÕK;YH �dH<�����BÐ��oÕe_ �BÐ&�KF��oÕB� �
Ð M ��Õd;$H!� H<���"�$#ÖÐ��oÕKH�;

Ð�¦OÄ.1aÕ



����� � � � � ���	�:õ ��
�ê
�

IV±lÝ&¸Oµt½¾­{µ
��Ð�=>Õn� �BÐ�=��iÕ��BÐ�= � Õ�� Ð�¦��&=�Õ

ÞVÜ{·�²�·m²�¹w±a­{²M·�²M³iµ-­�³�ÝV·�³tÜ/Ð�¦OÄ�;�ÕwÄBÅ�µw³~� ÉOµ�¸Oµt½¾­{µw¸Ú®|²y·u­ Ð�¦OÄ���ÕwÄ q µ�ÝB·m¯m¯
´O¶�±�Ï�µB³�ÜO®l³�ºJ±a¶
®�­�Ù$=^?ÍÌ � ¼{=+·m²B­{±�³B®�¯m±a¹-®|¯�°¿·È­{·u°�»O° ±lº��ßÄ8ÞBÜ{µ-¶oµ�®�¶oµ
³tÜO¶oµwµB¹-®l²iµw²0P]ÐÖ·ÈÕ�=Q?@¡d�i¼¾ÐÖ·�·uÕd=�·m²B­{±�³8·u­$¡B�t¼{ÉO»{³_ÉOµw¯m±a­{À�²_³M±2®�Ü{±a¶o·mÁw±a­�³�®l¯
±{¶BÏ�µ-¶�³i·m¹-®l¯T²MµwÀa°�µ-­�³y¹w±a­O­{µw¹w³M·È­{À(³oÝ<±ß´�±�·u­�³i²�·u­Q¡B�t¼¾®�­{¸ ÐÖ·�·m·uÕS=�ÜO®l²�³�Ü{µ
ºJ±a¶i° =$� Ð�� � _��f� � � _ �eÕ_ºÖ±a¶]²i±a°�µ �>� Ð�� � � � � Õd?@¡ � ®�­{¸��f���d?ÚÐ�;��0�-ÕwÄ¥Öº�=:?�¡ �t¼E³�Ü{µ-­¬�ÍÐ�=>ÕS� ¢cÐ�=RÕ�É�Ù Ð�¦OÄ.1{Õ-Ð�·m·uÕ�\ Ð�·m·m·ÈÕgÄb�
Ù Ð��OÄ��-Õ�Ð�·m·�·uÕw¼h¢TÐ�=Y_
���Õ Hº¢TÐ�=RÕ_ºÖ±a¶]²i±a°�µ���Y? � �Z�(�0F��Z��� � � �(F�� � �aÄ q µÂÝB·m¯m¯T²�Ü{±lÝ ³�ÜO®l³B±{­(³�Ü{µ
¯m·u­{µ+²iµwÀa°�µ-­�³y¹w±{­O­{µw¹w³i·u­{ÀO="®�­{¸¬=>_ ��{¼�� É�µ-ÜO®�Ï�µw²2¯m·uÆlµ �<¼>³�ÜO®l³�·m²-¼>ºJ±a¶
�d?"Ò�;5�(�tÔe¼

�ÍÐ�=S_!� ���Õ���¢cÐ�=RÕ�F Ð&�dF �BÐ��eÕiÕ�Ð
¢cÐ�=RÕ�Fy¢TÐ�=S_ ���ÕiÕ�� Ð�¦�����Õ
ÞVÜ{µ-¶oµtºÖ±{¶oµ$=Ê·m²2­{±�³�®Û¯�±{¹-®l¯
°�·u­{·u°�»O°�±lºB�ß¼>²i·u­{¹wµßÉ�ÙÚÐ�¦OÄ.1{Õ-Ð�Ï{·ÈÕg¼��ÍÐ�=�_
� ��lÕ~H��ÍÐ�=RÕ]ºÖ±a¶V®l¯m¯ � ?�Ð�;��(� ÔeÄ q µ�ÝB·m¯m¯
´O¶o±lÏ�µßÐ�¦OÄ
��Õ�ºJ±a¶<ÝyÜ{µ-­ ��S� � � ±a¶
F�� � 8:³�Ü{µ�±�³tÜ{µ-¶�³eÝ<±+¹-®l²iµw²2®�¶�µ2²i·u°�·m¯u®�¶wÄY�8·u¶o²i³�²t»O´O´O±�²iµ���>� �Z�-ÄS�>±a¶�®l¯m¯
�d?"Ò�;5�(�tÔe¼l³tÜ{µB±a´Oµ-­Û²iâO»O®�¶oµ�ÐiÐ�= �\_
�eÕ�Fy�,�lÐ�=��{_
�eÕ�_¬�-Õ$�ÊÐ�= � Fy�,��= � _¬�-Õ¹w±{­�³�®|·È­{²
­{±�´O±�·È­�³i²E±lº	¡ ��±�³�Ü{µ-¶c³�ÜO®�­ßÐÃ´O±�²i²M·ÈÉ{¯mÙOÕ�=�®�­{¸$=e_ �Z�-Ä8ÞBÜ{µ-¶oµtºJ±a¶oµ
�(Ð�=8_ � �Z��ÕBÜO®|²B³�Ü{µ�ºJ±a¶i°

�ÍÐ�=S_ � � � ÕS� ��ÐiÐ�=S_!� � � Õ�Fb=RÕ®¢TÐ�=>ÕG_ ��ÐiÐ�=S_ � � � Õ _
� F�Ð�=8_ ����ÕiÕ®¢TÐ�=S_ �Z��Õ
� ��Ð�� �Z��Õ®¢TÐ�=RÕo_���ÐiÐ��eFº��Õ �Z�iÕiÕ®¢TÐ�=S_ �Z��Õ
� �BÐ��oÕ®¢TÐ�=RÕ�_ �BÐ���F��-Õ®¢TÐ�= _ �Z��Õ
� �BÐ��oÕ®¢TÐ�=RÕ�_ �BÐ&�dF �oÕ®¢TÐ�=S_ � � Õ

ÐÃÉ�Ù"Ð�¦OÄ.1{Õ-Ð�·mÏ�ÕMÕ
� �BÐ��oÕ®¢TÐ�=RÕ�_&Ð&�KF �BÐ �eÕiÕ®¢TÐ�= _0����Õ
��¢TÐ�=RÕ�F Ð&�dF �BÐ��oÕiÕ-Ð
¢TÐ�=RÕ�F ¢cÐ�=S_ � � ÕiÕ

Ð�¦OÄ���Õ

É�Ù Ð�¦OÄ.1{Õ-Ð�ÏOÕwÄ ÞBÜ{·m²"´O¶o±lÏ�µw²ÚÐ�¦OÄ
��Õ�ºJ±a¶+³�Ü{µË¹-®l²iµ ���� �Z�-Ä"¥Öº�¼�·u­{²i³iµ-®|¸:¼
�� � F�� � ¼O³�Ü{µ-­

�(Ð�=YF � � � Õ � �ÇÐMÐ�=YF�� � � Õ�F¶=>Õ®¢cÐ�=RÕ	_ ��ÐiÐ�=�F � � � Õ�_F Ð�=YF � � ÕiÕ®¢TÐ�=�F � � Õ� �ÇÐ F�� � � ÕV¢cÐ�=>Õ	_ �ÇÐMÐ&�BF��oÕ � � ÕiÕV¢cÐ�=YF�� � Õ� �BÐ&F��eÕ®¢TÐ�=>ÕG_ �BÐ � F �eÕ®¢TÐ�=YF�� � Õ� �BÐ��eÕ®¢TÐ�=>Õ	_��BÐ � F �eÕ®¢TÐ�=YF�� � Õ� �BÐ��eÕ®¢TÐ�=>Õ	_4Ð � F �BÐ��eÕMÕ®¢cÐ�=8F�� � Õ� ¢cÐ�=>Õ�F�Ð&�KF �BÐ��oÕiÕ-Ð
¢TÐ�=RÕhFQ¢cÐ�=YF � � ÕMÕ��
Ð�¦OÄ���Õ
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Ð�¦OÄ���Õ�·m²Ç´O¶�±�Ï�µ-­YÄ
ÞBÜ{µÊ²Mµw¹w±a­{¸ ¹-®l²iµÊ±{¹w¹-»O¶o²(ÝyÜ{µ-­�= ÜO®l²ß³tÜ{µÊºJ±a¶i° � _ � �� ºJ±a¶Û²i±a°�µ

�^?y¡ � ¼��~?�Ð�;��(�-Õ<®�­{¸ ���� �Z�y±{¶ � � Ä~��Ù/Ð���Ä��-Õ-Ð�·m·uÕw¼�¢TÐ��aÕ �� ¢cÐ���_ ��-ÕwÄ ¥�º¢TÐ��aÕa9¬¢cÐ��h_ ��-Õg¼l³�Ü{µ-­ÊÐ�¦OÄ
��Õ:·u°�´{¯m·mµw²<³�ÜO®l³��(Ð��n_�� # ���ÕdHº�ÍÐ��h_ � ���ÕB�:�(Ð�=RÕ
ºJ±a¶ � # ?ÚÐ����(�tÔoÄn¥�º�¢TÐ��aÕBH¬¢TÐ��B_ ���Õw¼�³tÜ{µ-­"Ð�¦OÄ���ÕE·u°�´{¯m·mµw²�³�ÜO®l³a�ÍÐ�=�_ � # ���ÕdH
�(Ð�� _ � ��-Õ�ºJ±a¶ � # ?"Ò�;�� �eÕwÄ�¥�­+µ-®l¹wÜ+¹-®l²iµ�¼�=+·m²y­{±�³B®Â¯m±a¹-®|¯�°¿·È­{·u°�»O° ±lº��ßÄ

ÞBÜ{µ�³�Ü{·u¶o¸Ú®�­{¸�½¾­O®l¯E¹-®l²iµ�±{¹w¹-»O¶o²2Ý�Ü{µ-­O=ËÜO®l²�³�Ü{µÂºÖ±{¶i°"=y��Ð��,�n_
�f� � � _��eÕ�ºJ±a¶8²M±a°�µ �>� Ð�� � � � � Õd?@¡ � ®�­{¸ �f���d?ÚÐ�;��0�-ÕwÄ��>±a¶�¹w±a­�Ï�µ-­{·�µ-­{¹wµ®|²i²�»O°�µ<³�ÜO®l³ �8� Ð�;���;�ÕwÄ:ÅYµw³B=Q?"Ð�;��(��Õ ��Ð�;5�(�-ÕwÄ�¥�ºe=Â·�²
®�¯m±{¹-®l¯R°�·u­{·u°�»O°
±|º��+¼	=Ê°�»{²i³yÉ�µ�®Û¹-¶o·m³i·m¹-®l¯T´�±�·u­�³�±lº��ßÄ q µ�ÝB·m¯m¯æ®l²M²�»O°�µ>= ·m²Ç®�¹-¶�·�³M·�¹-®|¯
´�±�·u­�³<±lºe�1®�­{¸�²�Ü{±lÝ�³�ÜO®l³B=Û·�²B­{±�³<®�¯m±a¹-®l¯:°�·u­{·u°�»O°(Ä��>±a¶
®�­�Ù>A¿·È­Û³�Ü{µ
±{´Oµ-­�»O­{·�³Â²iâO»O®�¶oµÊÐ�;��0�-Õ���Ð�;��0�-Õw¼��ÇÐ�AYF �aÕ�µwâO»O®l¯m²2Áwµ-¶o± ºÖ±{¶�®l¯m¯ �O?¬¡ �
µ��{¹wµ-´{³ÂºÖ±{¶�³�Ü{µ�ºJ±a»O¶2´�±�·u­�³i² ��� Ð�;��];�Õ�� � � � � � ¼T®�­{¸ � � _ � � Ä+ÞBÜ{µ-¶oµtºJ±a¶oµ�(Ð�A{Õ_ÜO®|²B³�Ü{µ�ºJ±a¶i°

�ÍÐ�AaÕK� ��Ð�A{Õ®¢TÐ�;��];lÕ�_ ��Ð�ASF �Z��Õ®¢TÐ����eÕ�_
��Ð�ASF�� � Õ®¢TÐ�� � Õe_ ��Ð�ASF �Z�BF�� � ÕV¢cÐ���� _ � � Õ� �BÐ�Af��Õ��BÐ�A � Õ®¢TÐ�;���;�Õ�_ �BÐ�Af�BFº�-Õ��BÐ�A � Õ®¢TÐ��Z�eÕ __ �BÐ�Af��Õ��BÐ�A � F���Õ®¢cÐ � � Õe_ �BÐ�A,�BFº��Õ��BÐ�A � F��-Õ®¢TÐ��Z��_ � � Õ� �BÐ�Af��Õ��BÐ�A � Õ®¢TÐ�;���;�Õ�_ �BÐ&�dF¶Af��Õ��BÐ�A � Õ®¢TÐ��Z�eÕ __ �BÐ�Af��Õ��BÐ � FbA � Õ®¢TÐ�� � Õe_ �BÐ � F¬Af��Õ��BÐ&�dFbA � Õ®¢cÐ �Z�e_ � � ÕÐJÉ�Ù"Ð/¦OÄ.1aÕ�Ð�·mÏ�ÕiÕ

� �BÐ�Af��Õ��BÐ�A � Õ®¢TÐ�;���;�Õ�_&Ð&�KF �BÐ�Af��ÕiÕ �BÐ�A � Õ®¢TÐ��Z�iÕ�__ �BÐ�Af��Õ-Ð � F �BÐ�A � ÕMÕ®¢cÐ � � Õe_ Ð&�dF �BÐ�Af�iÕiÕ-Ð&�dF �BÐ�A � ÕiÕV¢cÐ����G_ � � ÕÐJÉ�Ù"Ð/¦OÄ.1aÕ�Ð�Ï�ÕMÕ
� ¢TÐ&�,�0�-Õ	_ Ò ¢TÐ�;��0�-Õ�FQ¢TÐ&�,�(��Õ�Ô �BÐ�Af��Õe_ Ò ¢TÐ&�,��;�Õ�Fy¢TÐ&�,�0�-Õ�Ô �<Ð�A � Õ�__ Ò ¢cÐ�;��];�Õ�FQ¢TÐ&�,��;�ÕeFQ¢TÐ�;��0�-Õ�_¬¢TÐ&�,�0�-Õ�Ô �BÐ/Af��Õ��BÐ�A � Õ�� Ð�¦OÄ���Õ

Å�µw³�=Q?ÚÐ�;5�(�-Õ �ÑÐ�;��0�-Õ8ÉOµ�®Â¹-¶o·m³i·m¹-®l¯:´O±�·u­�³B±lºe�ßÄ���Ù"Ð�¦OÄ���Õg¼�ºÖ±a¶ � ?ËÒ�;��(� Ôe¼
�(Ð�=������oÕBÜO®l²B³tÜ{µ�ºÖ±a¶M°

�(Ð�=��(� �eÕ��<k¬_º� �BÐ��oÕ Ð�¦����0;�Õ

ºJ±a¶Â²i±a°¿µÊ¶oµ-®l¯B­a»O°�É�µ-¶o²�k�®�­{¸c� ³�ÜO®l³�¸Oµ-´Oµ-­{¸ ±a­º= � Ä ä{·u­{¹wµb= ·m²ß®
¹-¶�·�³M·�¹-®|¯R´O±�·u­�³8±lº	�ß¼��

��� * �ÍÐ�=RÕ��<;S�<� � # Ð�= � ÕwÄ���ÙßÐ�¦OÄ.1aÕ�Ð�Ïa·uÕw¼ � # Ð�= � Õ���<;O¼²M± � � ;O¼8®�­{¸¬� ·m²�¹w±a­{²i³t®�­�³�®l¯m±a­{À�³�Ü{µ+²iµwÀa°�µ-­�³2¹w±a­O­{µw¹w³M·È­{À Ð�=����];�Õ
®�­{¸/Ð�= �6�0�-Õw¼�³tÜO®l³B·m²-¼

�ÍÐ�= �6� �eÕ��:�(Ð�=RÕ�l��ÍÐ�= �6��= � Õ Ð�¦����f�-Õ
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ºJ±a¶B®|¯�¯ � ?"Ò�;��(�tÔoÄn��Ùß²M·È°¿·�¯u®�¶�¶�µ-®l²i±a­{·u­{ÀR¼O³tÜ{µ-¶oµ�µ��a·m²i³�­{»O°�É�µ-¶o²~k ®�­{¸O�
²t»{¹ Ü ³�ÜO®l³

�ÍÐ �f�]= � ÕB�<k¬_º� �BÐ ��Õ Ð�¦����0��Õ
ºJ±a¶�®l¯m¯ ��?�Ð�;��0�-ÕwÄBä{·u­{¹wµ �

�����
�ÍÐ�=>Õd� ;O¼RÝ<µÂ±aÉ{³�®l·u­y�`� ;+®l²�®�ÉO±lÏ�µ�¼>²i±

� ·m²y¹w±a­{²M³�®�­�³y®l¯m±a­{À�³�Ü{µ�²MµwÀa°�µ-­�³B¹w±a­O­{µw¹w³i·u­{ÀÚÐ�;���= � ÕV®�­{¸ÚÐ&�,��= � Õw¼{³�ÜO®l³·m²-¼
�ÍÐ �,�]= � ÕB���ÍÐ�=>Õnl:�(Ð�= � ��= � Õ Ð�¦����0¦�Õ

ºJ±a¶B®|¯�¯ �8?"Ò�;��(�tÔoÄ
Å�µw³�J�9�;�ÝB·m³�Ü

J�H�°�·u­"�}= �6��= � �(�dF¶= �6�0�dF¶= � ��� Ð�¦���� 1aÕ
ÞVÜ{µ-­y�ÍÐ�= �n_:J��]= � Õ � �(Ð�=����]= � ÕwÄÂ¬�²2®�ÉO±lÏ�µ�¼Y³�Ü{µ-¶�µ�µ��{·m²i³�¹w±a­{²i³t®�­�³M²8k®�­{¸O� ²�»{¹wÜ+³�ÜO®l³

�(Ð�=��n_ºJ����eÕa�<k¬_º� �BÐ��oÕ Ð�¦���� =�Õ
ºJ±a¶<®l¯m¯ �d?"Ò�;5�(�tÔeÄ q µ�¹w¯È®|·È° � ��<;5PT·�º�� � ;O¼�³�Ü{µ-­��1·m²B¹w±a­{²i³t®�­�³<®l¯m±a­{À
³tÜ{µ2Ï�µ-¶o³M·�¹-®|¯¾²MµwÀa°�µ-­�³��}=��n_ºJ � �ÚÒ�;5�(�tÔeÄ:ÞVÜa»{²�Ð�¦OÄ��f�-Õ
®�­{¸ÚÐ�¦OÄ��(¦�Õ�À�·mÏ�µ

�(Ð�=����(�-Õ��:�(Ð�=����]= � Õ��:�(Ð�=��n_ºJ��]= � ÕB���ÍÐ�= � _ºJ��0�-Õ�� Ð�¦���� ��Õ
ÞVÜ{·�²+·m²�·u°�´O±�²i²i·uÉ{¯mµØÉ�µw¹-®�»{²iµ�É�Ù Ð�¦OÄ���Õw¼cºJ±a¶ �¬?1Ò�;��(� Ôe¼��ÍÐ �f�(�-ÕÂÜO®l²�³�Ü{µ
ºJ±a¶i°

�ÍÐ �f�(�-Õ���¢TÐ�;��0�-ÕeF�Ð&��F �BÐ �-ÕiÕ�Ð
¢cÐ�;��(�-ÕoFy¢TÐ&�,�0�-ÕiÕ�� Ð�¦���� ��Õ
��Ù Ð��OÄ
�-Õ-Ð�·m·uÕw¼d¢TÐ�;��0�-Õ �� ¢TÐ&�,�(��Õw¼_®�­{¸*É�Ù Ð�¦OÄ.1{Õ-Ð�Ï{·ÈÕg¼��BÐ�=��iÕ �� �BÐ�=��K_
JMÕwÄBÞBÜ{µ-¶oµtºJ±a¶oµÂ³�Ü{µ�®�É�±lÏ�µ2À�·mÏ�µw² �ÍÐ�=����(�-Õ<��<�(Ð�=��e_�J��0�-Õw¼O¹w±{­�³�¶M®l¸O·m¹w³i·u­{À
Ð�¦OÄ�� ��ÕgÄTÞBÜ{µ-¶oµtºJ±a¶oµ8� �� ;�·u­ÚÐ�¦OÄ
� =�ÕwÄ

¥�ºB� 9�;Â·u­/Ð�¦OÄ�� =�Õg¼l³�Ü{µ-­ÊÉ�ÙØÐ�¦OÄ.1aÕ-ÐÖÏa·uÕw¼
�ÍÐ�=��n_ºJ���= � _ºJiÕS� k¬_º� �BÐ�= � _�JiÕH k¬_º� �BÐ�= � Õ���ÍÐ�=��e_ºJ��]= � Õ��:�ÍÐ�= �6��= � Õ��

Ð�¦OÄ�� ��Õ

¥Öº �`H�;�·u­ÚÐ�¦OÄ
� =�Õw¼�³�Ü{µ-­
�ÍÐ�=��n_ºJ���= � FbJiÕS� k¬_º� �BÐ�= � F¶JiÕH k¬_º� �BÐ�= � Õ���ÍÐ�= � _ºJ��]= � Õ��:�ÍÐ�= � ��= � Õ��

Ð�¦OÄ�� ��Õ

¥�­(µw·m³�Ü{µ-¶�¹-®l²Mµ�¼OÝ<µ2ÜO®-Ï�µ�ºÖ±a»O­{¸�®�´O±�·È­�³�®l³B¸O·m²i³�®�­{¹wµ�� �,J]ºÃ¶�±a°v=(Ý�Ü{µ-¶oµ
³tÜ{µ2Ï�®|¯È»{µ�±lº�� ·m²y¯mµw²i²�³�ÜO®�­��ÍÐ�=>ÕwÄ
ä{·u­{¹wµ�JV¹-®�­ÊÉ�µ�®�¶iÉ{·m³�¶M®�¶o·m¯mÙ(²�°�®l¯m¯J¼e=
·m²�­{±�³y®�¯m±{¹-®l¯T°�·u­{·u°�»O° ±|º��+Ä



õ���õn
���� ���Q���o�Tê�� �8ê�þ
	Oùn�8þ��Tê����Êòo÷�
 � � ���

��� ª>¤��Ê©aª	­�¥�«�§:¤a­
ä{±{°�µ"»O­O®�­{²iÝ<µ-¶oµw¸ â�»{µw²M³i·m±a­{²Ê¶oµ-°�®l·u­YÄ ÞVÜ{µÊº�»O­{¹w³i·m±a­�� ¹w±a­{²i³�¶M»{¹w³iµw¸
Ü{µ-¶�µ2ÜO®l²B®�­(®�É{²i±�¯u»{³iµ�°�®Z�{·u°�»O° ®l³2Ð�;���;�ÕwÄ���±{µw²_³tÜ{µ-¶oµ�µ��a·m²i³�®�­ß®|¯È°¿±�²i³
´�µ-¶o·m±a¸O·m¹Âº�»O­{¹w³i·m±a­+±a­¿ÌyÎ�ÝB·m³�Ü(­{±�¯m±a¹-®l¯:°�·u­{·u°�»O°�Xf#
°�®Z�{·u°�»O°��^��±{µw²
³tÜ{µ-¶oµ�µ��{·�²M³�®(¶oµ-®l¯<®�­O®l¯mÙ{³i·m¹�¼T®l¯u°�±�²M³2´Oµ-¶o·m±{¸O·�¹+º�»O­{¹w³i·m±a­Ë±a­�Ì Î ÝB·m³�Ü"­{±
¯m±{¹-®l¯y°�·u­{·u°�»O°	� ¥J³�·m²ß­{±�³�µwÏ�µ-­Ë±aÉ�Ï{·m±a»{²�³�ÜO®|³�®�¹w±a­�³i·u­a»{±a»{²M¯�Ù�¸O·�à:µ-¶�\
µ-­�³i·u®�É{¯mµ�¼:®l¯u°�±�²M³Ç´�µ-¶o·m±a¸O·m¹�º�»O­{¹w³i·m±a­�±a­+Ì Î °�»{²i³�ÜO®-Ï�µ�®Û¹-¶o·m³i·m¹-®l¯
´O±�·u­�³-Ä
�8·u­O®l¯m¯mÙ�¼8³�Ü{µ-¶�µß®�¶oµ�´Oµ-¶�·�±{¸O·m¹w·m³eÙ�¹w±a­{¸O·m³i·m±a­{²�³�ÜO®l³2®�¶oµ�Ý_µ-®�Ælµ-¶�³�ÜO®�­�´Oµ-¶�·á\
±{¸O·m¹y®�­{¸�²M³�¶o±a­{À�µ-¶c³�ÜO®�­�®l¯u°�±�²i³æ´�µ-¶o·m±a¸O·m¹�¼O²t»{¹ Ü�®l²8âO»O®l²i·u´Oµ-¶�·�±{¸O·m¹�Ä_ÞVÜ{µw²iµ
­{±�³i·m±a­{²y®�¶oµ�µ-®|²i·m¯�Ù+ºJ±a¶i°�»{¯u®l³iµw¸ÛºJ±a¶�ºÃ»O­{¹w³i·m±a­{²�±a­ÛÌ Î Äp��±aµw²B®�âO»O®l²i·u´Oµ-¶�·á\
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