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Group communication protocols have received great attention 
over the past years. From a practical viewpoint, several 
middleware systems have implemented the group 
communication abstraction; from a theoretical viewpoint, a 
sound theory underlying group communication has been 
developed and minimal solvability conditions have been 
identified. So far, however, group communication protocols have 
not taken application semantics into account, and, in some 
cases, the guarantees offered by group communication protocols 
are stronger than necessary for application correctness. In this 
short paper, we claim that exploiting application semantics is a 
promising direction for future research on group 
communication protocols, and discuss Generic Broadcast, an 
example of a group communication protocol that allows 
applications to express their message ordering needs. 

 

 

* Internal Accession Date Only    Approved for External Publication  
 Copyright Hewlett-Packard Company 2000 



���������	��
���
���������������
�������
! "���$#���%&�&
���'(
*)+�-,.��
/
���%�0

��
��1�2��'(3��145'6,7,83�
$��%&�&
���'	
:9;��'<
='>%�'	#�0

?A@CBEDAFGDIHIJLKM@CHIJND=@PO Q�DIH=BSR@�T�UWVIXZY�@[B]\ Q�FGH_^`FGDbacJ�JGBede@[fgO

OhT�JGikj�lmFGBE@onM@CUWV=DIJNfpJGqGr_s&FGtuJNB]F`jeJNBEr \wvmJNxLxzyID=XpUhF�j]XpJGD_TSrSdEje@CxLd�{�@[YAFGBEjex|@[D}j
~$@[l+fZ@[jEjE��K�FGUW��FGBeHbs&FGt�JGB]F`jeJNBeXZ@Cd TSl+XpdEd$?A@[HI@CBeFGf���DIdEjeXZjey=j]@�JGi�n�@[UWVIDIJNfZJNqGr
K�FGfZJLQ$fZjeJI�AvmQ��G�}�G�G�`�W�G���G�=����T�Q v�~+�]���=����s&FGyIdeFGDIDI@`�uTSl+XZje�C@CBEf�FGD=H

�e�`�e�������������[�N�W �¡���¢Z£ ¡���£ ¤��[¥ ¦&����§¨��£ª©�¤«¡�¬­�G�w§� ��w��®S£ ¤«¡

¯�°=±E²w³W´�µ�²
¶ §¨��·��6¤��[¥m¥/·���¬¸¤w�P¹º¬­���(��§¨�P¹¨�h¤w��¢¸»�¡��]¼[�u§¨�E¤w�w¬­¼��E�<½[§º�e�W¹��P¹¾¹¨�w�C¹º¬­���	�W¼[�w§S¹º¡��-����»¾¹�¿[�E��§¨»E£SÀ�§¨��¥��

��§¨�[¤�¹º¬¸¤w��¢h¼C¬­�wÁ��G��¬­�C¹E�P»º�w¼[�w§«�P¢C¥m¬¸����¢­�wÁÂ�P§¨�Â»¾¿�»¾¹º�w¥>»=¡��]¼[�u¬­¥m��¢Ã�E¥m�E�C¹º�E�6¹º¡��-½[§º�[·��6¤w��¥�¥6·���¬­¤E�W¹º¬­���
��Ä�»¾¹º§«��¤�¹¨¬Ã�[��Å�Æg§¨��¥"��¹¨¡��w�[§º�w¹º¬¸¤w�P¢S¼C¬­�wÁ��G��¬­�C¹E�N�+»º��·�����¹¨¡��w�[§º¿$·������E§º¢­¿h¬Ã��½+½�§¨��·��Ç¤w��¥�¥6·���¬­¤E�W¹º¬­���
¡`��»�ÄG�w�E�+���w¼[�w¢­���G�E���P�`��¥m¬­��¬­¥>�P¢`»º��¢­¼W�PÄ�¬­¢­¬È¹É¿m¤����`��¬È¹¨¬Ã�[��»�¡`�]¼��ÂÄ`�E�w�+¬¸���E�[¹¨¬ÈÊ`�E�}£�©h�<ÆË��§E�[¡��WÁ��E¼��E§E�
½[§º�[·��_¤��[¥�¥6·���¬¸¤w�P¹º¬­���Ì��§¨�P¹¨��¤���¢¸»+¡`�]¼�������¹�¹«�PÍ��E�_�P����¢Ã¬¸¤w�P¹º¬­���_»º�w¥>�P�C¹º¬¸¤w»�¬Ã�C¹¨�|��¤E¤��[·��C¹E�&�P�`�}�
¬­�z»¾�[¥m��¤w�[»¾�e»w�G¹¨¡���½�·���§¨���[¹¨�w�e»&�PÎN�w§¨�E�oÄh¿Ç½�§¨��·��o¤w��¥�¥6·���¬­¤E�W¹¨¬Ã�[����§¨�P¹º��¤w��¢¸»���§º��»É¹¨§º�[��½��E§&¹¨¡��P�
���E¤��e»º»¨�P§¨¿�Æg�[§S�P����¢Ã¬¸¤w�P¹º¬­���(¤��[§º§¨�E¤�¹º���e»º»E£}Ïk��¹º¡�¬¸»S»º¡���§º¹������`�E§E�eÁ���¤w¢­��¬Ã¥;¹º¡��P¹S��Ð���¢­��¬Ã¹º¬­��½&������¢­¬­¤E�W¹º¬­���
»º�w¥>���[¹¨¬­¤E»6¬¸»m�o��§¨��¥�¬¸»¾¬­��½o��¬Ã§¨�E¤�¹º¬­����Æg�[§6Æg·�¹¨·�§¨�$§¨�E»º�E��§¨¤«¡z���|½�§¨��·��Ñ¤w��¥�¥6·���¬­¤E�W¹¨¬Ã�[�Ñ��§¨�P¹º��¤w��¢¸»w�
��������¬¸»¨¤�·�»¨» ¶ �w���w§¨¬­¤	Ò-§¨�[�[��¤w�[»É¹e���P���wÐ��P¥���¢­�	�PÆ��>½[§º�[·��Ç¤���¥�¥/·���¬¸¤w�W¹¨¬Ã�[�Ç��§¨�P¹º��¤w��¢}¹¨¡��W¹<�P¢­¢Ã�WÁ&»
������¢­¬­¤E�W¹¨¬Ã�[��»-¹º����Ð���§¨�E»¨»-¹º¡��w¬­§�¥m�e»º»¨�P½[�<��§«���w§¨¬Ã��½/���E�E��»E£

ÓÇÔCÕ}Ö6× ³WØ�±[Ù �P����¢Ã¬¸¤w�P¹º¬­���z»¾�E¥����C¹º¬¸¤w»E��½��E���w§¨¬­¤mÄ�§¨�[�[��¤w�[»É¹e�}½�§¨��·��z¤��[¥�¥6·���¬¸¤w�P¹º¬­���Ú��§¨�P¹º��¤w��¢¸»w�
�P¹º�[¥m¬¸¤�Ä�§¨�[����¤w��»¾¹

Û



Ü Ý�Þ�ß=àAá+â�ã�ä-ßAå�á/Þ

æmç�è�é�êìë]è�í�í�é�î�ïgëWðhñ�ïòè�îìê�ç�è�ñ�èNë]è�ógô�õ�öWç�öLïËî�ñ�ç�èN÷�é�ë]öP÷ìïgî�ñ�ø}öLíoïg÷NùºúhûNüýôoð�ô�ð_õ<ðPþ�ñ�èbø�ð�î�÷�óòözÿ�ç�è�é�êSô
è���ê�ç�èNë]öPô�ô�öPô>ð�ô+ïgîS÷�ï��Nïg÷�é�ð�óAöPî`ñ�ïòñ�ïòöPô��Çæmçwè�é}ê_ë]è�í�í�é�î�ïgëWðhñ�ïòè�î êSç�è�ñ�èGë]è�óËô+ø�ð���öÇçwöPë]öPï���öP÷Ìÿ�ç�öPðhñ�ðhñ�ñ�öPî}ù
ñ�ïòè�î|è���öWç>ñ�ø}ö�êSð�ô�ñmþ�öPðhçwô��pç�è�í	�=è�ñ�ø|ê�çwð�ë]ñ�ïËëWð�ó�ð�î�÷|ñ�ø}öWè�ç�öWñ�ïËëWð�óÂê=öWçEô�êIöPë]ñ�ï���öPô
���"õ�öPógó¸ù�
Nî}è[õ6îLÿ�çwè�é}ê
ë]è�í�í�é�î�ïgëWðhñ�ïgè�îÇô�þGô�ñ�öPí2ïgô��«ô�ïgô�� ������� Û���� ð�î�÷Çô�ö
��öWçwð�ó�è�ñ�ø}öWçMÿ�ç�è�é�ê�ë]è�í�í$éSî�ïgëWðhñ�ïòè�îNù¾óËï�
�ö(ô�þGô�ñ�öPí�ô&ø�ð���ö
�IöWöPî��Sé�ïgógñ-ô�ïËî�ë]ö�����é}ç�ñ�ø}öWçEíÇè�ç�ö � ñ�ç�öPîS÷�ô&ïgîÇí�ïË÷�÷�óòöWõ<ðhç�ö<ô�þGô�ñ�öPí�ô&ô�öWöPí2ñ�è�ë]è�î �Sçwí"ñ�ø�ö	ïgíÇêIè�ç�ñ�ð�î`ñ�ç�è�óòö
êSógð�þ�öP÷!�Gþ>ÿ�ç�è�é}ê�ë]è�í�í�é�î�ïgëWðhñ�ïòè�î�ê�ç�è�ñ�èNë]è�ógô"�ýæmç�è#��ú � ���}ç�è�í ð/ñ�ø}öWè�ç�öWñ�ïgëWð�ó`êIè�ïgî�ñuè����GïòöWõ � ð/ô�è�é�î�÷�ñ�ø}ö]ù
è�ç�þzé�î�÷}öWçEóòþGïËî}ÿ$ÿ�çwè�é}êÑë]è�í�í�é�î�ïgëWðhñ�ïòè�îLø�ð�ô��IöWöPîÑ÷}ö
��öPóòè�êIöP÷ � ð�îS÷Ñí�ïgî�ïËí�ð�ó�ë]è�îS÷�ïòñ�ïòè�î�ô(éSî�÷}öWç(õ6ø�ïËëwø
�<ñ�è�í�ïgë$��ç�è�ð�÷�ëWð�ô�ñ�ïgô-ô�è�ó��hð%�Sóòö�ïgî+ñ�ø�ö�ë]è�î`ñ�ö�&GñÂè��Së]çEð�ô�ø!��ð�ïgógé�ç�öPôuø�ð���ö"�=öWöPî�ïg÷}öPî`ñ�ï'�SöP÷(�*)"+,��- � )"./+,��- � �

�mëWë]è�çw÷�ïgî�ÿ�ñ�èzñ�ø}ö�ÿ�é�ðhçwð�î`ñ�öWöPô�ê�ç�è0�Gïg÷�öP÷ � ÿ�çwè�é}ê ë]è�íoí$é�îSïgëWðhñ�ïòè�î|ê�ç�è�ñ�èNë]è�ógô�ëWð�îÌë]è�íÇö�ïËî|ô�ö
��öWçEð�ó
÷�ï'1IöWç�öPî`ñ32�ð���è�çwô � ô�é�ëEø�ð�ô<ëWð�é�ô�ð�ó � ðhñ�è�í�ïgë � ð�î�÷�ñ�è�ñ�ð�ó�è�çw÷}öWç<íÇöPô�ô�ðhÿ�ö�÷}öPógï���öWçwþ4� ������� Û�� �3�}è�ç<ö�&Nð�í�êSóòö �
�<ñ�è�í�ïgë���ç�è�ð�÷�ëWð�ô�ñ>öPî�ð%�SóòöPômñ�è�ô�öPî�÷ íÇöPô�ô�ðhÿ�öPô+ñ�èzðÚô�öWñ�è��MêSç�èGë]öPôwô�öPômõ6ïòñ�ø|ñ�ø}ö�ÿ�é�ðhçwð�î`ñ�öWöPô�ñ�ø�ðhñ�ñ�ø}ö
÷}öPô�ñ�ïËî�ðhñ�ïòè�î�ô<ðhÿ�ç�öWö+è�îÑñ�ø}ö+íÇöPô�ô�ðhÿ�öPô6÷}öPógï���öWç�öP÷ � ð�êSç�è�êIöWç�ñ¾þ(
Gî}è[õ6î�ð�ô!5�687:9;9�<=9�>@? � ð�î�÷zè�îzñ�ø}ö>è�çE÷}öWç
ð�ëWë]è�çw÷�ïËî}ÿÇñ�è�õ6ø�ïËëwø�ñ�ø}ö+í�öPô�ô�ðhÿ�öPô6ðhçwö�÷}öPógï���öWçwöP÷ � ð�ê�ç�è�êIöWç�ñºþ(
Nî}è�õ/îÑð�ô!?�A�?�5�BCA%7:D#9�7E�

�Gö
��öWçEð�óMõ�è�çF
Nô�øSð���özð�÷���èGëWðhñ�öP÷ ñ�ø�ö�é�ô�ö�è��(ÿ�ç�è�é}ê ë]è�í�í�é�î�ïgëWðhñ�ïòè�îcê�ç�è�ñ�èNë]è�ógô$ñ�è|êSç�è�êSðhÿ�ðhñ�öÚç�ö]ù
G é}öPô�ñ�ôÚïgî ç�öWê�ógïgëWðhñ�öP÷5ô�þGô�ñ�öPí�ôIHpö��ªÿ�� � ïòñÚø�ð�ô=�IöWöPî ô�ø}è�õ/îìñ�ø�ðhñJ�<ñ�è�í�ïgëK��ç�è�ð�÷�ëWð�ô�ñÚïgôÚô�é LÚëWïòöPî�ñ�ñ�è
ô�è�ó���ö/�/ë]ñ�ïM��ö/N6öWêSógïgëWðhñ�ïòè�îI�*�Nëwø@�hû �PO �3.6è[õ�ö
��öWç � ô�è!��ðhç � ÿ�çwè�é}ê�ë]è�í�í�é�î�ïËëWðhñ�ïòè�îoêSç�è�ñ�èGë]è�óËôMø�ð���ö/ñ�ç�öPðhñ�öP÷
íÇöPô�ôwðhÿ�öPô6ïgîzð�êSé}çwöPóòþ�ô�þNî�ñ�ð�ë]ñ�ïgëQ�Sð�ô�ïgô � ñ�ø�ðhñ	ïËô � õ6ïòñ�ø}è�é}ñ<ë]è�î�ô�ïË÷}öWçwïgî}ÿ�ñ�ø}ö+ô�öPíoð�î�ñ�ïgë>í�öPð�î�ïgî}ÿ�è���í�öPô«ù
ô�ðhÿ�öPô�ïgî�ñ�ø}ö6ðhêSêSógïgëWðhñ�ïòè�îoë]è�î�ñ�ö�&Nñ � ð�î�÷R�pç�è�í ñ�ø}ö6ðhêSêSógïgëWðhñ�ïòè�î�üýô��GïgöWõ	êIè�ïgî�ñ � ñ�ø�ö	ÿ�é�ðhçwð�î`ñ�öWöPôMè%1IöWç�öP÷(�`þ
ÿ�ç�è�é}ê ë]è�í�í�é�î�ïgëWðhñ�ïòè�îLê�ç�è�ñ�èNë]è�ógô6ðhçwö � ïgîLô�è�íÇö$ëWð�ô�öPô � ô�ñ�ç�è�î}ÿ�öWçmñ�ø�ð�îLî}öPë]öPôwô�ðhç�þ4�pè�ç/ë]è�ç�ç�öPë]ñ�î�öPô�ô
���mô
ð�ë]è�î�ô�ö G é}öPî�ë]ö � ñ�ø}ö+ðhêSêSógïgëWðhñ�ïòè�î�öPî�÷�ô<é}êzêSð�þGïËî}ÿ$ñ�ø�ö�ë]è�ô�ñ(è��uöPî�ô�é�çwïgî}ÿ$ÿ�é�ðhçwð�î`ñ�öWöPô	ïòñ(÷}èGöPô�î�è�ñ<î�öWöP÷S�

�«îÑñ�ø�ïËô6ô�ø}è�çwñ6êSðhêIöWç � õ�ö�ëWógð�ïgí8ñ�øSðhñ6ö�&NêSóòè�ïòñ�ïgî�ÿoðhê�êSógïËëWðhñ�ïòè�îÑô�öPí�ð�î`ñ�ïgëWômïgô6ðoê�ç�è�í�ïËô�ïgî}ÿ�÷�ïgç�öPë]ñ�ïòè�î
�pè�ç(��é}ñ�é}ç�öLç�öPô�öPðhçwëEø è�î ÿ�ç�è�é}ê5ë]è�í�í�é�î�ïgëWðhñ�ïòè�î ê�ç�è�ñ�èNë]è�ógô
�UTÌöÌô�é�ê�êIè�ç�ñÇè�é}çzëWógð�ïgí õ/ïòñ�ø5æmöPî�öWçwïgë
��ç�è�ð�÷�ëWð�ô�ñ � ð�î ö�&Nð�í�êSóòö�è���ðzÿ�ç�è�é}êÌë]è�í�í�é�î�ïËëWðhñ�ïòè�î ê�ç�è�ñ�èNë]è�óÂñ�ø�ðhñ+ð�ógóòè[õ6ô�ðhê�êSógïËëWðhñ�ïòè�î�ô/ñ�è�ö�&Gê�çwöPô�ô
ñ�ø}öPïòç	í�öPô�ô�ðhÿ�ö�è�çE÷}öWçwïgî}ÿÇî}öWöP÷Sô
�

V W!XZY\[	ÞmßAå�ä�]�^`_bac[(àSXed àAámãRfhg á�YiY ãÇÞÇåwä�[�ßIå�ámÞkjìàAá	ß=á+ä�á/lF]

+�ècïgógóËé�ô�ñ�çwðhñ�ö�ñ�ø}ö é�ô�ö|è���ô�öPí�ð�î�ñ�ïËë|ïgî��Zè�çwíoðhñ�ïòè�î ïgî�ÿ�çwè�é}ê ë]è�í�í�é�î�ïËëWðhñ�ïòè�îìêSç�è�ñ�èGë]è�óËô � õ�ö|ê�ç�öPô�öPî`ñ
ð ô�ïgíÇêSógöÇç�öWêSógïgëWðhñ�öP÷b÷�ðhñ�ð%�Sð�ô�öÚô�þNô�ñ�öPí õ6ø}öWç�ö�ç�öWêSógïËëWðhñ�ïòè�î;ïgô�ë]è�î`ñ�ç�è�ógóòöP÷m�`þ_ð ÷�ïòçwöPë]ñ$ðhê�êSóËïgëWðhñ�ïòè�îÌè��

n



ñ�ø}öÇô�ñ�ðhñ�öoíoð�ëwø�ïgî�ö�ðhê�êSç�è�ð�ëwøo�*�}ëwøp�hû � �q+	ø}öÇ÷�ðhñ�ð%�Sð�ô�ö�ô�þGô�ñ�öPí ïËômë]è�í�ê=è�ô�öP÷ è���ïgî�÷Sï��GïË÷�é�ð�ó�÷�ðhñ�ð%��ð�ô�ö
ô�ïòñ�öPô �srutwv�xzyq{�|Fx(y�}%|
~�~�~�|Fxzy��@� �Z��ð�ëwø|ô�ïòñ�ö xzy�� ô�ñ�è�çwöPô6ð�ë]è�êGþzè��Âð�óËó�÷�ðhñ�ð�ïòñ�öPíoô
�$)<ógïgöPî�ñ�ô(ô�é��Sí�ïòñ
ç�ö G é}öPô�ñ�ô/ñ�è�ñ�ø�ö$ô�þNô�ñ�öPí é�ô�ïgî}ÿ�ð�îI�<ñ�è�í�ïgë���ç�è�ð�÷�ëWð�ô�ñ�ê�çEïgí�ïòñ�ï���ö � ð�îS÷Ñõ<ð�ïòñ,�pè�ç/ñ�ø�öQ�Sçwô�ñ6ç�öPô�êIè�î�ô�ö+ñ�è
ë]è�íÇöJ�Sð�ë�
��pç�è�í ñ�ø�öÚ÷�ðhñ�ð%��ð�ô�ö�ô�ïòñ�öPô
�KN	ö G é}öPô�ñ�ô�ðhç�özô�ïgî}ÿ�ógöJ����� ô�ñ�ðhñ�öPí�öPî�ñ�ô � ð�î�÷bëWð�îm�Iö G é�öWçwïòöPô
Hpö��ªÿ�� ���8�`�����8� ù¾ógï�
�ö>ô�ñ�ðhñ�öPí�öPî�ñ�ô O è�ç6é}êA÷�ðhñ�öPô!Hpö��ªÿ�� ��� �����#�`� ù¾óËï�
�ömô�ñ�ðhñ�öPíÇöPî�ñ�ô O �

+	ø�ö�ðhÿ�ç�öWöPí�öPî�ñ>ð�î�÷|ñ�è�ñ�ð�óÂè�çw÷}öWç�ê�ç�è�êIöWç�ñ�ïgöPô	è��&ñ�ø}ö��<ñ�è�í�ïgë���ç�è�ð�÷�ëWð�ô�ñmêSçwïgí�ïòñ�ïM��ö�ð�î�÷ ô�è�íÇö�÷}ö]ù
ñ�öWçwí�ïËî�ïgô�ñ�ïgë(ð�ôwô�é�íÇê�ñ�ïgè�î�ôMð%�Iè�é}ñ&ñ�ø�ö��IöPø�ð��Gïòè�ç�è��Añ�ø}ö�÷�ðhñ�ð%�Sð�ô�ö�ô�ïòñ�öPô�ÿ�é�ðhçwð�î`ñ�öWö/ñ�øSðhñ�ëWógïgöPî�ñ�ô�êIöWçwë]öPï���ö
ñ�ø}öÇç�öWê�ógïgëWðhñ�öP÷ ÷�ðhñ�ð%�Sð�ô�ö�ôwïòñ�öPô>ð�ô+ðzô�ïgî}ÿ�ógö�ø�ïgÿ�ø�óòþ`ù¾ð��hð�ïgógð%�Sóòö�÷�ðhñ�ð%�Sð�ô�ö�ô�ïòñ�ö�H�ï��ªö�� � ñ�ø}ö�ç�öWê�ógïgëWðhñ�öP÷Ìô�þNô«ù
ñ�öPí�ïËô(è�î}ö]ù¾ë]è�êGþ�ù¾ô�öWçEïgð�ógï��Pð%�Sógö O �Z./è�õ�ö
��öWç � ôwïgî�ë]ö �8���`���8� ç�ö G é�öPô�ñ�ô	ë]è�í�í�é}ñ�ö � è�çw÷}öWçwïgî�ÿ�ôwé�ëwøLç�ö G é�öPô�ñ�ô
ïgômî}è�ñ>î}öPë]öPô�ô�ðhçwþ��pè�çmñ�ø�ö�ë]è�çwç�öPë]ñ�î}öPô�ô�è��&ñ�ø�ö�ô�þGô�ñ�öPí�� { +6ø�ïgômïgô/ðzô�ïËíÇêSóòö$è��Sô�öWçF�hðhñ�ïòè�îS�Aø}è[õ�ö
��öWç � é�îNù
ñ�ïgóuç�öPë]öPî�ñ�ógþ � î}èoÿ�ç�è�é�ê ë]è�í�í�é�î�ïËëWðhñ�ïòè�îLêSç�è�ñ�èGë]è�óC��é�ógóòþÚö�&NêSóòè�ïòñ�öP÷ ïòñ � ð�î�÷|ð�î`þÑðhñ�ñ�öPíÇê�ñ�ô�ñ�è[õ�ðhçE÷ ñ�ø�ïgô
÷�ïòçwöPë]ñ�ïòè�îzç�öPógïòöP÷�ðhñ,�=öPô�ñ(è�î�58D(�`A��$íÇöPëEø�ð�î�ïgô�íoô
�

����� � �p¡3��¢�£�¤�¥J¢#¦¨§S©ª¤ §S«0¬

æmöPî}öWçEïgëJ��çwè�ð�÷�ëWð�ô�ñ�ïgô�ð ÿ�ç�è�é}ê ë]è�í�í�é�î�ïËëWðhñ�ïòè�î ô�êIöPëWï'��ëWðhñ�ïòè�îbñ�ø�ðhñ�ñ�ð%
�öPô�íÇöPôwô�ðhÿ�öÑô�öPí�ð�î`ñ�ïgëWôÇïgî`ñ�è
ð�ëWë]è�é�î`ñ	ñ�èÇöPî��pè�çwë]ö>ñ�ø}ö�è�çw÷}öWç	î�öPë]öPô�ô�ðhç�þ H�ð�î�÷�î}è�ñ(è�î�ógþoô�é L�ëWïgöPî�ñ O �pè�ç(ñ�ø}ö+ë]è�ç�ç�öPë]ñ�î}öPôwô(è���ñ�ø�ö�ðhêSêSógï¸ù
ëWðhñ�ïòè�î�ô��+æ�öPî}öWçwïgë���ç�è�ð�÷�ëWð�ô�ñ>õ<ð�ô�ïgî�ñ�çwèG÷�éSë]öP÷|ïgî­� ®$����� � ð�ô�ðÚÿ�öPî}öWçwð�óËï��Pðhñ�ïòè�î è��ª�<ñ�è�í�ïgë���ç�è�ð�÷�ëWð�ô�ñ
�
�¨ñMé�ô�öPôMñ�ø}ö/î}è�ñ�ïgè�î�è���<=9E¯�¯
5�6�9!��A%>�°Z±���?�ñ�è$ç�ö]ù¾÷}ö���î�ö	ñ�ø}ö	è�çw÷�öWçMê�ç�è�êIöWç�ñºþ�è��¨�<ñ�è�í�ïgë,��ç�è�ð�÷SëWð�ô�ñ
�ª²|öPô«ù
ô�ðhÿ�ö�ë]è�î 2=ïgë]ñ+ïgô/�Sð�ô�öP÷ è�îÌð³�;A%>�°$±´��?�7F9�B�5�?´±´A�>mµ õ6ø�ïËëwø ÷}öWêIöPî�÷�ômè�î ñ�ø}öÇô�öPí�ð�î`ñ�ïgë�è���ñ�ø}öÇíÇöPô�ô�ðhÿ�öPô �
÷}ö���î�öP÷R�`þ�ñ�ø}ö/ðhê�êSógïgëWðhñ�ïgè�îS�C+-ð%
Nïgî}ÿ�µÑïgî`ñ�è�ð�ëWë]è�é�î`ñ � ñ�ø�ö	ñ�è�ñ�ð�óSè�çE÷}öWçMê�çwè�ê=öWçwñ¾þ�è����<ñ�è�íoïgë,��ç�è�ð�÷�ëWð�ô�ñ
ïgô<ç�öWê�ógð�ë]öP÷4�GþÚñ�ø�ö¶�Zè�ógógè�õ6ïgî�ÿ�è�çE÷}öWç	ê�ç�è�êIöWç�ñºþ��

· �¸�Aê�ç�èNë]öPô�ô�öPôº¹ � ð�î�÷!¹`»,�Iè�ñ�ø�÷}öPóËï���öWç�íÇöPôwô�ðhÿ�öPô$¼ ð�î�÷=¼4½Sð�î�÷¾HP¼ | ¼4½ O ïgô�ïËîRµ � ñ�ø}öPî!¹ � ÷}öPóËï���öWçwô
¼e�Iö
�pè�ç�ö¶¼4½Aï���ð�îS÷�è�î�óòþÚï��p¹ »>÷}öPógï���öWçEô"¼e�=ö
�pè�ç�ö¶¼4½´�

+	øGé�ô � �<ñ�è�íoïgëR��ç�è�ð�÷�ëWð�ô�ñ+ïgô>ðzô�êIöPëWïgð�óÂëWð�ô�öÇè��	æmöPî}öWçEïgë���çwè�ð�÷�ëWð�ô�ñ+õ6ø�öWç�ö�ð�óËó-í�öPô�ô�ðhÿ�öPô�ë]è�î�2�ïgë]ñ
õ6ïòñ�øLöPð�ëwø è�ñ�ø}öWç����<ð�ëF
|ñ�èÚñ�ø�ö�ö�&}ð�íÇêSóòö$ê�ç�öPô�öPî`ñ�öP÷I�=ö
�pè�ç�ö � ë]è�í�í�é}ñ�ð%�Sóòö ���`�����#� çwö G é}öPô�ñ�ômëWð�î î}è[õ
�Iö>ö�&Gê�óòè�ïòñ�öP÷J�Gþ�æmöPî�öWçwïgëQ��ç�è�ð�÷�ëWð�ô�ñ	õ6ïòñ�ø�ð�ë]è�î�2�ïgë]ñ(ç�öPógðhñ�ïgè�î�ö�&GêSç�öPô�ô�öP÷Ñð�ô

µ t¿v HP¼ | ¼ ½ OZÀ ¼ tcÁ0� �����#�`� ����� Á=ÂpÃ ¼ ½ tcÁ0���#���#�`� ����� Á��8|
Ä�ÅºÆ:Ç
ÈÉÆ¸Ê´Ë�Ê¨Ì;Í*Ê�Î�ÏÐÎEÑ�ÑZÈ0Ë�ÆÓÒ*Ô`Ë�ÕÉÆ¸Ö�×0Î$ØÉÎ;ËºÌ�ÏÐÏÐÆÐÊ�Ê¨Ë�ÕÉÆ�Ê�Ì�Ñ�ÆCÙ�ÆÐÏÐÎ�Ù�×0ÊÐÚÉÛÉÈ0ËSÜsÆ3×0ÎZØÉÎ;ËºÆÐÍÝÌ�Û�Î;Ù�Ì�Ë�Æ3Î;Ø/Ë�ÕÉÒ*ÊSÞ�ÎEÒ*Ø
Ë:ß

à



íÇöPð�î�ïËî}ÿÇñ�ø�ðhñ6ð�î`þzñ¾õ�è�íÇöPô�ôwðhÿ�öPô,¼7ð�î�÷�¼4½Ië]è�î�2�ïgë]ñqH�ï��ªö�� � ø�ð���ö$ñ�è=�Iö>è�çw÷}öWç�öP÷Ñõ6ïòñ�øzç�öPô�êIöPë]ñ	ñ�èoè�î}ö
ð�î}è�ñ�ø}öWç O ï���ð�îS÷�è�î�óòþzï���ðhñ/óòöPð�ô�ñ	è�î}ö>è��Âñ�ø}öPí�ë]è�î�ñ�ð�ïgîSô6ð�î ���#������� ç�ö G é�öPô�ñ
�

æmöPî�öWçwïgëR��ç�è�ð�÷�ëWð�ô�ñ�ëWð�î;ð�ógô�è4�=ö�éSô�öP÷ÌïgîÌíÇè�ç�öoÿ�öPî}öWçwð�ó&ëWð�ô�öPô��(�}è�ç$ö�&Nð�íÇê�óòö � ê�ç�è�ê�ðhÿ�ðhñ�ïgî}ÿÑóòèNëF

ç�ö G é}öPô�ñ�ô�õ6ïgñ�øcð�îá�<ñ�è�í�ïËë4��çwè�ð�÷�ëWð�ô�ñÇê�çwïËí�ïòñ�ï���öÚëWð�î�ð���è�ïg÷ ÷Sïgô�ñ�çwï���é}ñ�öP÷;÷}öPð�÷SóòèGë�
Gô�ïgî ð ç�öWêSóËïgëWðhñ�öP÷
÷�ðhñ�ð%�Sð�ô�ö � ð ô�öWçwïòè�éSô�ê�çwè��SóòöPí ñ�ø�ðhñÇí�ðPþbø�ðhê�êIöPîcïM�(ç�ö G é�öPô�ñ�ôÇðhç�ö�ô�öPî`ñ�éSô�ïgî}ÿ ô�ïgî}ÿ�óòöÚíÇöPô�ô�ðhÿ�ö�ê�ð�ô�ô«ù
ïgî}ÿ �ýæ�.¶âQ����- � ��./è�õ�ö
��öWç � �<ñ�è�í�ïËëR��çwè�ð�÷�ëWð�ô�ñ+è�çw÷�öWçwô�ð�ógó-ç�ö G é�öPô�ñ�ô � ö
��öPîÌñ�ø�è�é}ÿ�ø è�î�óòþLðÚêIè�ç�ñ�ïòè�î è��
ñ�ø}ö	÷�ðhñ�ð%��ð�ô�ö6ïgôÂç�öPô�ê=è�îSô�ï��Sóòöª�Zè�ç&ñ�ø�ö(ê�ç�è��SóòöPíãHpö��ªÿ�� � ñ�ø}ö	ø}è�ñ&ô�êIè�ñ�ô O �MæmöPî�öWçwïgë"��ç�è�ð�÷�ëWð�ô�ñ�ïgô�ð�î�öPóòöWÿ�ð�î`ñ
ð�î�÷ ö�L�ëWïòöPî`ñ�õ�ð�þLè��&êSç�è�êSðhÿ�ðhñ�ïgî}ÿ�óòèNëF
Lç�ö G é�öPô�ñ�ô À ïòñ�ïgô�ëwø�öPðhê=öWç�ñ�ø�ð�îK�<ñ�è�í�ïËë���ç�è�ð�÷SëWð�ô�ñ � ð�î�÷ ÷}èGöPô
î}è�ñ6ógöPð�÷�ñ�èo÷�ïgô�ñ�çwï��Sé}ñ�öP÷Ú÷}öPð�÷�ógèGë�
Gô
�

ä W�á/l:å$åEÞ�æçdèX�Þ�X&à�å�äãé àAá�[(âÇä�[�]�ß

�«îÑñ�ø}öQ�pè�ógóòè[õ6ïgî}ÿ � õ�ö�êSç�öPô�öPî`ñ	ñ�ø}ö$ïË÷}öPð�ô��IöPø�ïgîS÷�ñºõ�èzð�óòÿ�è�çwïgñ�ø�í�ô(ñ�ø�ðhñmô�è�ó���ö�æ�öPî}öWçwïgëQ��ç�è�ð�÷SëWð�ô�ñ �¨êÓë
ð�î�÷ êÓë�ì ����è�ñ�ø ð�óòÿ�è�çwïòñ�ø�íoô	ëWð�î|÷�öPógï���öWç/î�è�îNù¾ë]è�î 2�ïgë]ñ�ïËî}ÿoíÇöPô�ôwðhÿ�öPô6õ6ïgñ�ø}è�é}ñ6é�ôwïgî}ÿ()�è�î�ô�öPî�ô�é�ô � ð�î�÷
ç�öPóòþ�è�î4)�è�î�ô�öPîSô�é�ô,�*)"+���- � õ6ø�öPîoë]è�î 2�ïËë]ñ�ôMðhç�ö�÷}öWñ�öPë]ñ�öP÷S� êCë�ì ïgí�ê�ç�è���öPôMñ�ø}ömê=öWç��Zè�çwíoð�î�ë]ö	è�� êCë �`þ
ð�ógóòè[õ6ïgî}ÿ � ïgî�ô�è�íÇö�ëWð�ô�öPô � ë]è�î 2�ïgë]ñ�ïËî}ÿÇíÇöPô�ô�ðhÿ�öPô6ñ�è=�Iö>÷}öPógï���öWç�öP÷zõ/ïòñ�ø}è�é}ñ�)�è�îSô�öPî�ô�é�ô��

í���� îzï3�áð"ñóò ô�õº¦¨¢#£�¬8ïZö

+	ø}ö êCë ð�óòÿ�è�çEïòñ�ø�í�ð�ô�ô�é�í�öPô/ñ�øSðhñ+óòöPô�ômñ�ø�ð�îÌðÚñ�ø�ïòçw÷|è��MêSç�èGë]öPôwô�öPô�ëWð�î_ë]çwð�ô�øS�¶�«îÌëWð�ô�öPô�õ6ø�öWç�ö=)�è�îNù
ô�öPî�ôwé�ô$ïËô$î}è�ñ�î}öPë]öPô�ôwðhç�þ � ê�çwèGë]öPô�ô�öPô�ö�&NöPëWé}ñ�ïgî}ÿ ñ�ø}ö êCë ð�óòÿ�è�çwïgñ�ø�í ëWð�î�÷�öPógï���öWç$í�öPô�ô�ðhÿ�öPôÇð%�pñ�öWçÇñ¾õ�è
ë]è�í�í�é�î�ïgëWðhñ�ïgè�î�ô�ñ�öWêSô � ð�î�÷�ïgî5ëWð�ô�öPô�õ6ø}öWçwö³)<è�î�ô�öPî�ô�éSô�ïgô�î�öPë]öPô�ô�ðhç�þ � ð%�Zñ�öWç��Zè�é}ç�ë]è�í�í�é�î�ïËëWðhñ�ïòè�î
ô�ñ�öWêSô÷HP�IöPô�ñ+ëWð�ô�ö O ��+6ø�ïgô�ïgô�ðzñ�çwð�÷}öWè%1 õ6ïòñ�ø ç�öPô�ê=öPë]ñ�ñ�è4
Nî}è�õ/î �<ñ�è�í�ïgë÷��ç�è�ð�÷�ëWð�ô�ñ�ð�óòÿ�è�çwïòñ�øSí�ômñ�ø�ðhñ
è�çw÷}öWç	í�öPô�ô�ðhÿ�öPô	ïgî�ñ�ø}ç�öWö+ë]è�íoí$é�îSïgëWðhñ�ïòè�îzô�ñ�öWêSôQHP�IöPô�ñ(ëWð�ô�ö O;À ï��¨�pöWõ íÇöPô�ô�ðhÿ�öPô	ë]è�î�2�ïgë]ñ ��êCë êIöWçF�pè�çwí�ô
�IöWñ�ñ�öWç	ñ�ø�ð�î�
Gî}è[õ6î4�<ñ�è�í�ïgëq��ç�è�ð�÷�ëWð�ô�ñ6ð�ógÿ�è�çwïòñ�ø�í�ô � ï���í�ð�î`þ�íÇöPô�ô�ðhÿ�öPô/ë]è�î 2�ïgë]ñ � ïòñ<ê=öWç��Zè�çwíoô<õ�è�çwô�ö��

�3&GöPëWé}ñ�ïgè�î�ô<è�� êCë ðhç�ö+÷}öPë]è�íÇêIè�ô�öP÷�ïgîzðÇô�ö G é}öPî�ë]ö>è��Z¯E?�5�6�9E¯ � ÷�ï��Nïg÷}öP÷Úïgî`ñ�è�ñºõ�èRøp�`5É¯�9E¯ À ñ�ø�ö���çwô�ñ
êSø�ð�ô�öoógð�ô�ñ�ô+ð�ô�óòè�î}ÿÑð�ô�î}èLë]è�î�2�ïgë]ñ�ïgî}ÿÑí�öPô�ô�ðhÿ�öPô�ðhç�ö�ç�öPë]öPï���öP÷ � ð�î�÷;ñ�ø}öoô�öPë]è�îS÷_êSø�ð�ô�öoø�ð�î�÷�ógöPô�ñ�ø}ö
÷}öPógïM��öWç�þLè��(ë]è�î 2�ïËë]ñ�ïgî}ÿ�íÇöPô�ô�ðhÿ�öPô�õ6ïòñ�ø_ø�öPóòêÌè���)<è�î�ô�öPî�ô�éSô
��T5ø}öPîcðzê�ç�èNë]öPô�ô"¹ � ô�ñ�ðhç�ñ�ô$ô�è�íÇöoô�ñ�ðhÿ�ö
ù � ¹ � ïgô+ïgî�ïgñ�ïgð�ógóòþÑïgî_êSø�ð�ô�ö=ú��z®�ø�ð�ô�ö=ú�ñ�öWçwí�ïËî�ðhñ�öPô�ðhñ$ê�ç�èNë]öPô�ô�¹ � ï'1I¹ � ç�öPë]öPï���öPô�ñ¾õ�è í�öPô�ô�ðhÿ�öPô$ñ�ø�ðhñ
ø�ð���ö�ñ�è÷�Iö>è�çw÷}öWçwöP÷S���¨îÑêSø�ð�ô�öQú´ú-è��-ô�ñ�ðhÿ�ö ù � ê�çwèGë]öPô�ô�¹ � ö�&GöPëWé}ñ�öPô/ð()�è�î�ô�öPî�ô�é�ô(ð�óòÿ�è�çEïòñ�ø�í ñ�èo÷�öPëWïg÷}ö
è�îÑñ�ø�ö�÷}öPógï���öWçwþoè�çw÷}öWç/è��Âñ�ø}öPô�ö�íÇöPôwô�ðhÿ�öPô
�$T5ø}öPîK)�è�î�ô�öPîSô�é�ô<ñ�öWçwí�ïËî�ðhñ�öPô � ¹ � ê�çwèGë]öWöP÷�ô	ñ�èoêSø�ð�ô�öQúuè��
ô�ñ�ðhÿ�ö ù ì Û �

û



®Mç�èGë]öPôwô�öPô�÷}öWñ�öWçwí�ïËî}ö|õ/ø}öWñ�ø}öWçzñ¾õ�è íÇöPô�ô�ðhÿ�öPôLø�ð���öÌñ�è­�Iö|è�çE÷}öWç�öP÷�ïgî êSø�ð�ô�öKú+è��$ô�ñ�ðhÿ�ö ù �`þ
ö
�hð�ógé�ðhñ�ïgî}ÿ�ð�óòèNëWð�óºüÉý�þ�ÿ�ý�HP¼ | ¼ ½ O ê�ç�öP÷�ïgëWðhñ�ö���+6ø}öqüÉý�þ�ÿ�ý�HP¼ | ¼ ½ O êSç�öP÷�ïgëWðhñ�ö�ø}è�óg÷�ô	ðhñmñ�ïgíÇö��(è�î÷¹ � ï'1
H Û�O ¹ � ïgîcô�ñ�ðhÿ�ö ù ø�ð�ô�ç�öPë]öPï���öP÷�íÇöPôwô�ðhÿ�öPôR¼1ð�î�÷­¼ ½ � �Sé}ñ4H n8O ¹ � ø�ð�ôÇî�è�ñ�÷�öPógï���öWç�öP÷ ð�î`þ;è��6ñ�ø�öPô�ö
íÇöPô�ôwðhÿ�öPô	ïgîzô�è�íÇö>ê�çwö
�Gïòè�éSô�ô�ñ�ðhÿ�ö ù`½�� ù � ð�î�÷ H à8O HP¼ | ¼ ½ O ïgô(ïgîÚñ�ø}ö>ë]è�î 2�ïgë]ñ<ç�öPóËðhñ�ïòè�îzµC�3+6ø}öWç�ö
�pè�ç�ö �
õ6ø}öPî�ö
��öWç�üÉý�þ�ÿ�ý�HP¼ | ¼4½ O ø�è�óg÷�ô � ¹ � ç�öPógïòöPô�è�î )�è�îSô�öPî�ô�é�ô�ñ�èLè�çw÷�öWç�íÇöPôwô�ðhÿ�öPô�¼!ð�î�÷³¼4½&ïËî;ô�ñ�ðhÿ�ö ù �
+	ø}ö êCë ð�óòÿ�è�çwïgñ�ø�í öPî�ô�é}ç�öPô/ñ�ø�ðhñ>ï��S¹ � ÷}èGöPômî�è�ñ�ë]çEð�ô�ø ð�î�÷ ô�ñ�ðhç�ñ�ô>ð�)�è�î�ô�öPîSô�é�ô/ö�&GöPëWé}ñ�ïgè�îÌðhñ�ô�ñ�ðhÿ�ö
ù � ñ�ø�öPîÌö
��öWç�þ ê�ç�èNë]öPô�ô$¹`»�ñ�ø�ðhñ+÷}èGöPô+î}è�ñ�ë]çwð�ôwø_ð�ógô�èÑô�ñ�ðhçwñ�ôq)�è�î�ô�öPîSô�é�ô>ðhñ�ô�ñ�ðhÿ�ö ù �÷�Âïgî�ð�ógóòþ � �Iö
�pè�ç�ö
ðÑêSç�èGë]öPôwô�¹ » ö�&GöPëWé}ñ�öPô÷)�è�îSô�öPî�ô�é�ô � ¹ » ø�ð�ô+ñ�è|ÿ�ðhñ�ø}öWç�ô�è�íÇö�ïgî��Zè�çwíoðhñ�ïòè�î �pç�è�í ñ�ø}ö�è�ñ�ø}öWç$êSç�èGë]öPôwô�öPô
ð%�Iè�é}ñ>õ6ø�ïËëwø_íÇöPôwô�ðhÿ�öPô�í�ïgÿ�ø�ñ�øSð���ö=�IöWöPî_÷�öPógï���öWç�öP÷Ìïgî ê�ø�ð�ô�ö=ú��(+	ø�ïËô�ç�öPð�ô�è�î_ïgô+ñ�ø�ðhñ�ï��$¼ ð�î�÷ ¼ ½
ë]è�î 2�ïËë]ñ � ð�î�÷Ñô�è�íÇö�ê�ç�èNë]öPô�ô	ø�ð�ô	÷�öPógï���öWç�öP÷J¼7ïgîzê�ø�ð�ô�öQú � î}è�ê�ç�èNë]öPô�ô	ôwø}è�é�óg÷z÷}öPógïM��öWç�¼ ½ �Iö
�pè�ç�ö�¼ �

í�� � îzï3�áð"ñ�� ò ô�õ¨¦¨¢#£�¬�ïZö

+	ø}ö êCë"ì ð�óòÿ�è�çwïòñ�øSí�ïgômô�ïgí�ïËógðhç	ñ�è êÓë ��é}ñ,�Sð�ô�öP÷Lè�î ðoõ�öPð%
�öWç>è�çw÷}öWçmê�ç�öP÷SïgëWðhñ�ö�ñ�ø�ð�î|ñ�ø}ö�è�î}ö$éSô�öP÷
�Gþ êÓë�� ïgîìñ�ø}ö|ô�öPîSô�öLñ�ø�ðhñzïgî ô�è�íÇö ëWð�ô�öPô � ö
��öPî ë]è�î 2�ïgë]ñ�ïËî}ÿ;íÇöPô�ôwðhÿ�öPôÚëWð�î �Iö|÷}öPóËï���öWç�öP÷�õ6ïgñ�ø}è�é}ñ
)�è�î�ô�öPî�ô�é�ô
� +	ø}ö|è�çw÷}öWçzê�ç�öP÷SïgëWðhñ�ö¾�pè�ç êCë"ì ø}è�óg÷Sô�ðhñzñ�ïgíÇö���ï'1 H Û�O ¹ � ïgî ô�ñ�ðhÿ�ö ù ø�ð�ôÚç�öPë]öPïM��öP÷
íÇöPô�ôwðhÿ�öPô3¼8ð�î�÷R¼4½ � ��é}ñ�H n8O ¹ � ø�ð�ô&î}è�ñ�÷}öPógï���öWç�öP÷Çð�î`þ�è��=ñ�ø�öPô�ö6íÇöPô�ôwðhÿ�öPôMðhñ&ñ�ïgí�ö�� � ð�îS÷�H à8O HP¼ | ¼4½ O
ïgô(ïgîzñ�ø�ö�ë]è�î 2�ïgë]ñ(çwöPógðhñ�ïòè�îJµ��

+�ècé�îS÷}öWçwô�ñ�ð�î�÷ ñ�ø�öL÷�ï'1IöWç�öPî�ë]ö4�IöWñ¾õ�öWöPî ñ�ø}öÑñ¾õ�èbè�çw÷}öWç�ê�çwöP÷�ïgëWðhñ�öPô � ë]è�î�ô�ïË÷}öWçoð�î ö�&NöPëWé}ñ�ïòè�î ïgî
õ6ø�ïËëwøÇè�î�ógþ�ñºõ�è�ë]è�î 2�ïËë]ñ�ïgî}ÿ�íÇöPôwô�ðhÿ�öPô$¼�ð�î�÷÷¼4½�ðhçwö,��ç�è�ð�÷SëWð�ô�ñ � ð�îS÷oð�ô�ô�éSíÇö6ñ�ø�ðhñZ¼�ïgô�÷}öPógï���öWç�öP÷=�`þ
ô�è�íÇö�ê�ç�èNë]öPô�ô�¹ � ïgîzêSø�ð�ô�öQúuè��Âô�ñ�ðhÿ�ö ù �Z�/ô�ôwé�íÇö>ñ�ø�ðhñ6óËðhñ�öWç � �Sé}ñ(ô�ñ�ïËógóAïgîzêSø�ð�ô�öQúuè��Âô�ñ�ðhÿ�ö ù � ê�ç�èNë]öPô�ô
¹ � ç�öPë]öPïM��öPôZ¼ ½ ���¨î�ñ�ø�ïgô�ëWð�ô�ö � õ6ïòñ�ø êÓë�� ê�ç�èNë]öPô�ôS¹ � ö
�hð�ógé�ðhñ�öPô�ñ�ø}ö/è�çw÷}öWç�ê�ç�öP÷�ïËëWðhñ�ö6ñ�è�ñ�çwé}ö � ð�î�÷oô�ñ�ðhçwñ�ô
êSø�ð�ô�ö�úPú�ñ�è+ñ�öWçwíoïgî�ðhñ�ö(ñ�ø}ö	ëWé}çwç�öPî�ñ&ô�ñ�ðhÿ�ö��3.6è[õ�ö
��öWç � ñ�ø�ïËô�ïgô�î}è�ñ&î}öPë]öPô�ôwðhç�þÇð�ô�ñ�ø}ö�)�è�î�ô�öPî�ô�é�ô�÷}öPëWïËô�ïòè�î
ïgô¶
Nî}è[õ6î³�Iö
�pè�ç�öPø�ð�î�÷ À ¼!í$éSô�ñQ�Iö�÷}öPógï���öWçwöP÷ �Iö
�Zè�ç�ö=¼4½	���Gè � õ/ø�ïgóòö�¹ � ö�&NöPëWé}ñ�ïgî}ÿ êÓë ê�çwèGë]öWöP÷�ô�ñ�è
êSø�ð�ô�ö!ú´ú � õ6ïòñ�ø êCë�ìq� ê�ç�èNë]öPô�ô3¹ � ç�öPí�ð�ïgî�ô6ïgîÑêSøSð�ô�ö!ú-ð�î�÷Lí�ð�þÑ÷}öPógï���öWçEô�¼4½Aïgî�êSø�ð�ô�ö!ú � ö
��öPîLñ�ø�è�é}ÿ�ø
HP¼ | ¼4½ O ïgô�ïgîRµ��3�mô�÷}öPóËï���öWçwïgî}ÿ+ð�íÇöPô�ôwðhÿ�ömïgîoêSø�ð�ô�ö/úIïgôMëEø}öPðhêIöWç�ñ�øSð�îo÷}öPógïM��öWçwïgî}ÿ�ïgñMïgî�ê�ø�ð�ô�ö�ú´ú ��êCë�ì
ïgíÇêSç�è���öPô êCë �


 � åEÞ�[�l
�bXªY [(à��Q]

+	ø}öWçwö�ïgô>ógïòñ�ñ�óòöÇ÷}è�é���ñ>ñ�ø�ðhñ�é�ôwïgî}ÿzðhê�êSógïgëWðhñ�ïgè�îÌô�öPí�ð�î`ñ�ïgëWô�óòöPð�÷Sô�ñ�èÑêIè�õ�öWçF�péSóÂÿ�ç�è�é}ê;ë]è�í�í�é�î�ïËëWðhñ�ïòè�î
ê�çwïËí�ïòñ�ï���öPô
��.6è[õ�ö
��öWç � ö�&NêSóòè�ïòñ�ïËî}ÿ�ñ�øSïgô�÷�ïgíÇöPî�ôwïòè�îI�pð�ë]öPô>ñºõ�è|ëwø�ð�ógógöPî}ÿ�öPô
�R�Âïòçwô�ñ � ïgñ�ïËô>î}è�ñ+ëWóòöPðhç+ø}è[õ

�



ê�çwïËí�ïòñ�ï���öPô�ô�ø}è�é�óg÷=�Iö/ô�êIöPëWï'�SöP÷�ñ�è�ñ�ð%
�ö+ðhê�êSógïgëWðhñ�ïgè�î�ô�öPíoð�î�ñ�ïgëWô<ïgî`ñ�è�ë]è�î�ô�ïg÷}öWçEðhñ�ïòè�îIHpö��ªÿ�� � ñ�ø�ö�ë]è�î�2�ïgë]ñ
ç�öPógðhñ�ïgè�îÑè���æmöPî}öWçEïgë!��ç�è�ð�÷�ëWð�ô�ñ�ð�óËóòè�õ6ô/ðhê�êSógïËëWðhñ�ïòè�î�ô(ñ�èz÷}ö���î}ö�ñ�ø}öPïòç/í�öPô�ô�ðhÿ�ö�è�çw÷}öWçwïËî}ÿ�î}öWöP÷�ô O ���GöPëeù
è�î�÷ � ô�é�ëwøoô�êIöPëWï'��ëWðhñ�ïòè�î�ôÂëWð�î=�=ö"��öWç�þ�ø�ðhçw÷�ñ�è+ïgíÇêSóòöPí�öPî�ñÂö�L�ëWïòöPî`ñ�óòþ���²|è�ç�öWè���öWç � ð�÷�÷�ç�öPô�ô�ïgî�ÿ/ñ�ø}ö"��çwô�ñ
ïgô�ôwé}öÇë]öWç�ñ�ð�ïgî�óòþ|ç�ö G é�ïòç�öPô�
�öWöWêSïËî}ÿÑð�îÌöWþ�ö�è�îÌñ�ø�ö�ô�öPë]è�î�÷S��æmöPî�öWçwïgëR��ç�è�ð�÷�ëWð�ô�ñ�ø�ð�ô>ô�ø}è[õ6îÌñ�ø�ðhñ�ñ�ø�ïgô
ëWð�îz�Iö/÷}è�î}ö � ð�î�÷Úø}è�êIö
�péSógóòþ � ïòñ�õ6ïgógó�êSð���ö�ñ�ø}ömõ�ð�þ�ñ�è�è�ñ�ø}öWç(ô�öPí�ð�î`ñ�ïgëWô«ù¾ðPõ<ðhç�ö>ÿ�ç�è�é�êÚë]è�í�í�é�î�ïËëWðhñ�ïòè�î
ê�ç�è�ñ�èNë]è�ógô
�

�bX���XMàSXMÞ�ä�X3]

� ÒÂ©�©������ ��£`Ò-¬Ã§¨¥>�P���}¦6£N©�¤«¡�¬Ã�G�w§e�}�P�����I£N©C¹º�E��¡��E��»¾�[��£���¬­½�¡C¹ÉÁ��E¬Ã½[¡C¹M¤w�P·`»º��¢��P�`���W¹¨��¥�¬­¤6½�§¨��·��Ç¥/·�¢Ã¹º¬¸¤w��»¾¹E£
�! #"%$�&('*),+�'.-�/	0213)�+41*)5 �136�798�/;:�&�<>=?+@/A:B6!+ ���,C	DFE@GIHFJ.HLK�D���M`�[¦M·�½�·�»¾¹N�O�F���[£

�IPRQTSU�.V3� S<£XW/£�P�¡`�P����§«���FY6£ZQM�[��[w¬­¢­�[¤��C»w�C�P����©}£XS���·��E½�£\SÂ¡���Á��e�PÍ��e»É¹AÆË��¬Ã¢­·�§¨�����w¹º�e¤�¹º�[§�Æg�[§�»º��¢­¼C¬­��½6¤w����»º�w��]
»¾·�»E£U^ 1*8�&@)_'3`#1ba�/dc�:��! e" ��MFD>CdMXEBG VFfFg?K�J3HFH��Xh�·�¢­¿��L�.�.V�£

�IPRSU�.V*� S<£eW/£iP�¡��P����§¨�������L©N£�S���·��E½�£kjM��§¨�w¢­¬­��Ä�¢Ã�+ÆË�P¬­¢Ã·�§¨�$����¹º�e¤�¹¨��§«»(Æg��§m§¨�w¢­¬­��Ä�¢Ã�$��¬­»¾¹º§¨¬­Ä�·�¹º�e�L»º¿�»É¹¨�w¥>»w£
^ 138�&@)_'3`l1ba�/dc�:��! e" �,MFD,CmH.EBG HFH.gLK�H3VZJh�.n���§¨¤«¡o�O�F�.V�£

� ¶ Qqp<©��FV*�rh�£,s6£ ¶ §«�]¿��,�I£�QM�w¢­¢­�����}�>�I£9p!t sM�w¬­¢Z�������uW6£N©h¡��[»¾¡���£iSÂ¡��	������½��E§¨»Â��Æ=§¨�w��¢Ã¬¸¤w�P¹º¬­�����P�����>»º��¢­·�¹º¬­����£
Ïk�wv &(1O-x:x:xy*0z)Z{*+|1}aU/zc,:�~3�.�Z���! #"�<��*�R"������B),/A:B&@)9'*/m021*)_'3`� �1*)LaB:B&(:�)_-x:�13)w"�'*)9'�{X:B6r:B)>/�1bai��'*/A' �
nÇ���C¹º§¨�E��¢�CmP-�P�`�����XE���h[·����r�O�F�.V�£

� ¶ §º�X�.f*� p�Ä��É�E¤�¹!n��P�`�P½��E¥��w�C¹ ¶ §¨��·���£ÇÀ`�P·�¢Ã¹6¹¨��¢­�w§«�P�C¹�PUpq�&ÒÂ¦�·�»º¬­��½��w�C¹¨¬È¹É¿z§¨�E��·��`���P��¤w¿�£����L�C·��E»¾¹	Æg��§
��§º�[�`�C»º��¢Z�#p�Ä��É�E¤�¹Nn������P½[�w¥��w�C¹ ¶ §º�[·����SÀ�§¨��¥�¬Ã��½[¡��P¥�P��[§º�G��§«�W¹¨�rP��E�C¹º�w§e�SÀ�§¨��¥m¬­��½[¡��P¥�C	j�©�¦qE��
¦&��§¨¬Ã¢��L�.�Ff�£

� ��©��F�*� À�£U�I�e�������Ú�P���c¦	£M©�¤«¡�¬Ã�G�w§e£ ¶ �w���E§º¬¸¤�Ä�§º�C����¤E��»¾¹E£5Ïk��v &(1O-x:x:xy*0z)Z{*+�1bak/zc,:�~3�3/dc��@)>/;:�&@)_'3/	0213)_'3`
<>=*6T7�1*+x0z8�6�1*)u�N0�+@/m&@02�B8�/A:xyu �1*6T7_8�/m0z)X{��d�|�@<# �� �.�3�_aB1*&@6r:�&@`�=
�r�T�!�e� ��©��w��¹¨�w¥6ÄG�w§4�O�.�F��£

� ©�¤«¡,�.�3� À�£�Ò�£�©�¤«¡����w¬¸���E§E£mÏk¥���¢Ã�E¥��w�C¹º¬­��½�ÆË�P·�¢È¹(]Z¹¨��¢­�w§«�P�C¹<»º�w§¨¼h¬­¤w�E»�·�»º¬Ã��½$¹¨¡��+»¾¹¨�W¹¨��¥��[¤«¡�¬­���>�P����§¨�[�[¤«¡�G�¦
¹º·�¹¨��§¨¬­��¢Z£ �! e"� �136�798�/	0z)Z{r<_8�&@�?:�=?+ �>H.H,CdMZE@GIH3�.�*KZD,�O���XWM�e¤��E¥6ÄG�w§��O�F�.��£

-


