
Singapore Management University
Institutional Knowledge at Singapore Management University

Research Collection School Of Information Systems School of Information Systems

11-2004

Spatial Queries in Wireless Broadcast Systems
Baihua ZHENG
Singapore Management University, bhzheng@smu.edu.sg

Wang-Chien LEE
Hong Kong University of Science and Technology

Dik Lun LEE
Hong Kong University of Science and Technology

DOI: https://doi.org/10.1023/B:WINE.0000044031.03597.97

Follow this and additional works at: https://ink.library.smu.edu.sg/sis_research
Part of the Databases and Information Systems Commons, and the Numerical Analysis and

Scientific Computing Commons

This Journal Article is brought to you for free and open access by the School of Information Systems at Institutional Knowledge at Singapore
Management University. It has been accepted for inclusion in Research Collection School Of Information Systems by an authorized administrator of
Institutional Knowledge at Singapore Management University. For more information, please email libIR@smu.edu.sg.

Citation
ZHENG, Baihua; LEE, Wang-Chien; and LEE, Dik Lun. Spatial Queries in Wireless Broadcast Systems. (2004). Wireless Networks. 10,
(6), 723-736. Research Collection School Of Information Systems.
Available at: https://ink.library.smu.edu.sg/sis_research/1090

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Institutional Knowledge at Singapore Management University

https://core.ac.uk/display/13248384?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://ink.library.smu.edu.sg/?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F1090&utm_medium=PDF&utm_campaign=PDFCoverPages
https://ink.library.smu.edu.sg/sis_research?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F1090&utm_medium=PDF&utm_campaign=PDFCoverPages
https://ink.library.smu.edu.sg/sis?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F1090&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.1023/B:WINE.0000044031.03597.97
https://ink.library.smu.edu.sg/sis_research?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F1090&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/145?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F1090&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/147?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F1090&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/147?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F1090&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:libIR@smu.edu.sg


���������	��

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

.0/2143�56/87�3:9<;:= >?/2;:=A@�B"3:1C9D;FE&9D9HG IJ14KLE&5:;ME&9<9HN

O 1C;:=P/2Q�R2S	9�TU/A;6/2=P9DVW9D;�XZY*;:14[29<S	\]14X�^2_6`�aPbc."5:K�14Xed�14V
/A3Ffegh_ O 1C;:=�/AQ�RPS]9jiPk2b�l2k2a
m 3+n<3:9D;:=�oJ\	Vp5�qr9Dg:5hqs\	=

G d�3:9ut�9D;:; O Xv/AX	9jYZ;:1w[P9<S]\	1wX�^P_xYZ;+14[P9DS	\]14X�^Mt$/AS	Kx_xt�y-z{aP|2}�i
~e� 9D9{oJ�<\]92qsQ:\	5hqs9<g+5

N)�ZRP;+=W��RP;+=
Y*;:14[29<S	\]14X�^�RA� O �D1C9D;:�<9j/2;:gMd�9<�v3:;:R � RP=2^2_�B � 9</2S0>�/�X�9<S*.0/H^2_x�ZRP;:=8��RP;:=
g � 9D9{oJ�<\Dqr5:\�XHqs3:K

�*�+�]���v�����
���&���������������&�D�{ ��]�D�:�¢¡A�&�r£¤��¥��]¦¤¦+�����§����£¤¨H�r���$�¢���ª©A�]£¤¦����A�¢¥{�{�����r�¤�¢¥{�{�] H��«��]¦]¬v�r�{¡­�D£�®��¢�������)¦�¯{¦§�¤��®�¦

���0�����&��£°����¡�®"�D±���¥r�²«���®0©�³{�¤�r���´��£��h��µH©2�]«����	�ª�¤�¶±A���¢±�¥��h���¶�������{¥��²�$��£¤��®0���A�{��³�¦��¢®0��³��<�6�¢¡2��£°�v·e«
�����¸¦¹�]£� H�º«��"£��	»D³��]¦¹�¤¦$¡­£¤��®��¤���0³�¦¹�]£¤¦]¼
½Z¾À¿�Á�ÂrÁ�Ã°ÃeÄDÅvÆÇÅjÈ�¿�É	Å�Ä�Ê°ÅvÃ°ÆC¬��¤���¢��¨H¦$�¤�J�s�°¦Ë���r�D�¸¦¤«���¥���±���¥r�r�§¯�¬��º¦
©A�¢£����º«�³�¥º�¢£¤¥r¯�¦�³��r�¤�¢±�¥r��¡­��£h®0�����¤�r���)¦�³�«°�Z�)«°���¢¥�¥r�]�����D¼�ÌÇ�A�{��µ{�����ª�¤�]«°������»<³��	¦����� D��±2���]�Z�{�] ���¥���©2�]��¡­��£
�&��£¤��¥��]¦¤¦+���v�¤��±�£¤�D����«���¦¹�+¦�¯{¦§�¤��®�¦+�r�)��£°�{��£����¶«�����¦���£¤ ��6�¤���&¦�«]�¢£°«���©A�v����£+£��	¦¹�D³�£°«��]¦Í�r�"®0��±���¥���«�¥r�����<�¤¦]¼
Î �v���] ��]£]¬]®"�<¦§����¡H�����x©�£��] <����³A¦�¦§�¤³��{���]¦����²���¢�Í�¤�¢¨D�6�r�<�¤�²��«�«���³��<���¤���x��®"©A��«����¢¡H¥r�{«��¢�������Ë���{¡­��£¤®��v�������
��¡�³�¦���£°¦]¼´ÌÇ�j�¤���º¦Ë©��¢©2��£	¬����"�D���{£¤�]¦¤¦��¤���0��¦¤¦�³��]¦$�¢¡h¦¹³�©�©A�D£¹�¤�r����¦�©��v�¤����¥6»D³���£¤�r�	¦"Ïw�r�A«�¥�³��{�����J�&�r�����v�
»<³��]£����]¦Í�¢���¶Ð{Ñ�Ñc»<³���£¤�r�	¦¤Ò2��¡{¥r�{«��¢�������{ÓÇ�{�]©A�]���{���<�����{¡­��£¤®��v�¤�r�D�$ H�º�h�&�r£¤��¥��]¦¤¦����¢�¤�h±�£¤�D�D��«��D¦§�	¼ÍÔÕ¥��r���	�¢£
�����{��µu¦¹��£¤³�«��¤³�£��"±��D¦¹�	�����j����� Î ��¥�±A�]£¹�´«�³�£� D�"�����j«���£¤£��	¦¹©2�������r����¦¹�	�¢£°«°���¢¥����D£��r����®�¦$�¢£¤�)©�£��D©A�<¦¹�	�
�¤�¸����¦����]£)¦�©��v�¤����¥�»<³���£¤���]¦)���8���r£	¼¸Öxµ{©A�]£���®0���<�¤¦)�¢£¤�Z«��D���{³�«����	�p���¸�� v�¢¥�³��¢���e�¤���*©2��£�¡­��£¤®��¢��«��*��¡
�¤����©�£¤��©2�D¦��]�������{��µ{�r�����¤�]«°�����º»<³���¼0×&�	¦¹³�¥r�¤¦¶¦����v�Ø�¤���v�Ë�¤���0©�£��D©A�<¦¹�	�������{��µu�¢���u�r�¤¦Ë�������¢��«���®0���<�
�D³{��©2��£�¡­��£¤®���µH�º¦¹���������¢¥�����£¤�r����®�¦&¦��r�D���sÙ2«��¢�<�¤¥r¯D¼

Ú8ÛAÜ6ÝJÞÍß<à�á{â�ãÀä2åvæHç�è­ä�éPê¹ë�ìví:ì¢é�ë�ì¢éAç�î�íÍæHç�è­æ{ãPïAð�ìvñ�èÀì¢îvòHóªèÀñ�ì¢ãÀì¢î�î�ô�ñ�ä�æ{ë�åvæ{î�çvò�èwé�ë�ì�õ*î�ç�ñ�ðÍå�ç�ð�ñ�ì{ò{í:ìvñ�öHæ{î�èÀö{ìËå�ä�÷Jê
íÍð�ç�èwé�ø

ù ú�û0ü+ý6þeÿ�����ü���þ)û

� î)ì¢éAöPè­î�æHø{ì¢ë
ô��
	
æHñ���
�ì¢è­î�ìvñ�æuë�ì¢åvæ{ë�ì�æHø{ä�ò6í:ìvñ�öHæ{î�èÀö{ì�å�ä�÷�íÍð�ç�èwé�ø���æ{î"ø{ñ�æ{ëÍð�æ{ã­ã��pô:ì¢å�ä�÷�ìJæ{éWì¢î�î�ì¢éPê
ç�è­æ{ã&í�æHñ�çeä��Ëä�ð�ñZëÍæ{è­ã��WãwèÀö{ì¢î����²æHñ]èÀä�ð�îeñ�ì¢î�ì¢æHñ�å��Uæ{é�ë�ì¢é�ø�è­é�ìvìvñ�è­é�øÕì��+ä{ñ�çZä�éMå�ä�÷�÷�ð�é�èwåvæHç�èÀä�é�îvò�î�ìvñ�öPè­å�ì¢îvò
è­é��Cñ�æ{î�ç�ñ]ð�å�ç�ð�ñ�ì¢îvò2æ{é�ë¸ë�ìvö2èwå�ì¢î���æ{î$ô:ìvì¢éuíÍð�ç��Cä{ñ�ç��¸ç�ä�ô�ñ�è­é�ø*ç���è­î�ö2è­î�èÀä�é�ä��xí:ìvñ�öHæ{î�èÀö{ì"å�ä�÷�íÍð�ç�èwé�ø*ç�äDó$æHñ�ëÍî
æ¸ñ�ì¢æ{ã­èÀç�����
 ��è­ãÀìZì¢é�ø�è­é�ìvìvñ�î0æ{é�ëLñ�ì¢î�ì¢æHñ�å���ìvñ�î�æHñ�ä�ð�é�ëWç���ìJó$ä{ñ�ã­ëLå�ä�é�ç�èwéAð�ì�å!��èÀí�æ¢óËæ"�
ö<æHñ]èÀä�ð�î"ç�ì¢å���éÍè­åvæ{ã
ä{ôÍî�ç�æ{åvã­ì¢î)ç�ä¸ç���è­î)öPè­î�èÀä�é6òÍç���ìvñ�ìJæHñ�ì�î�ç�è­ã­ãxæ¸ãÀä{ç"ä���å���æ{ãwãÀì¢é�ø{ì¢î)ç�äuô:ì*äDö{ìvñ�å�ä�÷�ì$#&%�')(*� � ÷�ä�é�ø¸ç���ä�î�ì{ò,+�-�.�/10

2



.���� /�������è­î"ä�é�ìJä��$ç���ì�÷�ä�î�ç�è­÷�í:ä{ñ�ç�æ{éAç�è­î�î�ð�ì¢î)ô:ì¢åvæ{ð�î�ì�ä��$æÕë�ñ�æ{÷�æHç�èwåZè­éÍå�ñ�ì¢æ{î�ì�è­é
ç���ì�é2ð�÷*ô:ìvñ"ä��$ðÍî�ìvñ�î
æ{é�ëcæHíÍíÍã­è­åvæHç�èÀä�éÍî$èwé�ö{ä�ãÀö{ì¢ë �

	 ä�éAç�ì�õPç°ê¹æ¢óËæHñ�ì¢é�ì¢î�î��Íæ{î)ô:ìvì¢éWî�ìvì¢éLæ{î"æ¸å�ñ�èÀç�èwåvæ{ãxì¢ãÀì¢÷�ì¢éAç0ä��&í:ìvñ�ö<æ{î�èÀö{ìZå�ä�÷�í�ð�ç�è­é�ø�ò+ó ��è­å!�cñ�ì��Cìvñ�î)ç�ä
ç���ìcî�í:ì¢åvè­æ{ã$åvæHíÍæHôÍèwã­èÀç �Fä��)æ{éØè­é �4ä{ñ�÷jæHç�èÀä�é è­é��Cñ�æ{î�ç�ñ�ð�å�ç�ð�ñ�ìuç�ä�ñ�ì¢å�ä{ø�é�è�
vìcæ{é�ë ñ�ì¢æ{å�ç�ç�ä�ñ�ì¢æ{ãºê§ó�ä{ñ]ã­ë å�ä�éPê
ç�ì�õPç�� 	 ä�éAç�ì�õ2çËñ�ì��Cìvñ�î�ç�äJèwé��4ä{ñ]÷�æHç�èÀä�é�ç��ÍæHç$ë�ì¢î�å�ñ�èÀô:ì¢î�å�ä�é�ëÍèÀç�èÀä�é�î�ä{ñ¶î�èÀç�ð�æHç�èÀä�éÍî²ó ��ìvñ�ì"å�ä�÷�í�ð�ç�æHç�èÀä�é¸÷�æ"�
æ{ë�æHí�ç�æ{åvå�ä{ñ�ëÍè­é�ø�ã�� # 2 (*�
��ä2åvæHç�è­ä�é�è­î)æ{é�èwé�ç�ð�è­ç�èÀö{ì*ôÍð�ç"è­÷�í+ä{ñ�ç�æ{é�ç"åvã­æ{î�î0ä���å�ä�éAç�ì�õ2çeèwé��4ä{ñ]÷�æHç�èÀä�é���� �2ð�îvò
ãÀäPåvæHç�èÀä�éPê¹æ�ó$æHñ�ì¢é�ì¢î�î)èwî´é�æHç�ð�ñ�æ{ãwã��uç���ì��Íñ�î�ç)î�ç�ìví8ç�ä��Cæ{åvè­ãwèÀç�æHç�ì*å�ä�éAç�ì�õ2ç°ê¹æ�ó$æHñ�ì¢é�ì¢î�î����°éÕí:ìvñ�öHæ{î�èÀö{ì*å�ä�÷�íÍð�ç°ê
è­é�øZì¢é�öPèÀñ�ä�éÍ÷�ì¢é�ç�î¢òAç���ì�������� /������"ä���ð�î�ìvñ�î¢òAæHí�íÍãwè­åvæHç�èÀä�é�îvò2æ{é�ë¸ë�æHç�æ*ä{ô��°ì¢å�ç�îËô�ñ]è­é�ø�î²è­é¸æ{é�ä{ç���ìvñ¶ë�èw÷�ì¢é�î�èÀä�é
ä��¶å�ä�÷�íÍãÀì�õ�èÀç��Wç�ä8ï2ð�ìvñ��
í�ñ�äPå�ì¢î�î�èwé�øÕè­é�è­é��Cä{ñ�÷�æHç�èÀä�éLî �Pî�ç�ì¢÷�î"����ä{ñ*ì�õ�æ{÷�íÍã­ì{ò�æ{é�ì¢é�ï2ð�èÀñ��8ñ�ìvø�æHñ�ëÍè­é�øpç�ä
ç�ñ�æ��uå$å�ä�é�ë�è­ç�èÀä�éZî���ä�ð�ã­ë*ô+ì$æ{é�î�ó$ìvñ�ì¢ë�ôÍæ{î�ì¢ë�ä�éZç���ì¶åvð�ñ�ñ�ì¢éAç�ãÀäPåvæHç�èÀä�é�ä���ç���ìËð�î�ìvñ � è � ì��Àò{ç���ì¶ï2ð�ìvñ��eè­î�î�ð�ìvñ"!!�
#$ì¢åvæ{ð�î�ì"ä��:ç���ì � æ{å�ç�ç���æHç$æ*ð�î�ìvñ�÷�æ ��÷�ä�ö{ì{ò�÷�æ{é��Jì�õPè­î�ç�è­é�øeç�ì¢å!��é�è­ï2ð�ì¢î �Cä{ñ�íÍñ�ä2å�ì¢î�î�è­é�øeî�í�æHç�è­æ{ã�ë�æHç�æ�æ{é�ë
ï2ð�ìvñ�èÀì¢î"÷�æ"�
é�äpãÀä�é�ø{ìvñ0ô:ìZì��uåvè­ì¢é�ç0ä{ñ0ó�ä{ñ��<æHôÍã­ì�î�èwé�å�ìZç���ì��8æHñ�ì�÷�ä�î�ç�ã��8ôÍæ{î�ì¢ë
ä�é
ç���ì�æ{î�î�ð�÷�í�ç�è­ä�é�îªä��
��õPì¢ëjë�æHç�æZæ{é�ëjï2ð�ìvñ��Jí:ä�è­éAç�î��$� �AðÍîvò�î�åvæ{ã­æHô�è­ã­èÀç���æ{é�ëu÷�ä{ôÍè­ãwèÀç �Jè­î�î�ð�ì¢î&ñ�ìví�ñ�ì¢î�ì¢é�ç�ç¹ó$ä*í�ñ�èw÷�æHñ��Jå���æ{ã­ã­ì¢é�ø{ì¢î
�Cä{ñ´ç���ì*è­é �4ä{ñ�÷jæHç�èÀä�épî �2î�ç�ì¢÷�îªè­épç���ì�í+ìvñ�ö<æ{î�è­ö{ìeå�ä�÷�íÍð�ç�è­é�ø�ìvñ�æ �

�°é ç���èwî�íÍæHí:ìvñ¢òxó$ìjì�õPíÍãÀä{ñ�ìjç���ìjî�åvæ{ã­æHô�è­ã­èÀç��
æ{é�ëM÷�ä{ôÍè­ã­è­ç �Lè­î�î�ð�ì¢îeä��Ëî�ð�í�í:ä{ñ�ç�è­é�ø /��"-�.%�����'& 0)(�*,+�*�&-(�*�&.�
+/+�.0��� .�/21�3.*�4"�/* +65�798
:2; +=<ªè­é¸í+ìvñ�ö<æ{î�è­ö{ì)å�ä�÷�íÍð�ç�è­é�ø�ì¢é�öPèÀñ�ä�é�÷�ì¢é�ç�î�� 
�èÀñ�ì¢ãÀì¢î�î�ôÍñ�ä�æ{ë�åvæ{î�çvòPó ��èwå�� ��æ{îËãÀä�é�ø
ô:ìvì¢éJð�î�ì¢ë �4ä{ñ&ñ�æ{ëÍèÀä)æ{é�ë>� � î�èÀø�é�æ{ãAç�ñ�æ{é�î�÷jè­î�î�èÀä�éxò<è­î�æ0é�æHç�ð�ñ�æ{ãPî�ä�ãwð�ç�èÀä�éZç�ä0æ{ëÍë�ñ�ì¢î�î�ç���ì¶î�åvæ{ã­æHôÍèwã­èÀç �eèwî�î�ð�ì��
� ��ìuî�÷�æHñ�çZí+ìvñ]î�ä�é�æ{ã&ä{ô?��ì¢å�ç�î�ç�ì¢å���é�ä�ãÀä{ø��@�/A?BDCE�F!]òxñ�ì¢å�ì¢éAç�ã�� æ{é�é�ä�ð�é�å�ì¢ë ô � 	
è­å�ñ�ä�î�ä��CçZæHç %'G0G%HI�¤éAç�ìvñ�ê
é�æHç�èÀä�éÍæ{ã 	 ä�éÍî�ð�÷�ìvñEJ�ãÀì¢å�ç�ñ�ä�é�è­åvî�A ��ä�óK� 	 JDAL!]ò ��æ{î � ð�ñ�ç���ìvñ)ì�õPíÍãÀä�èÀç�ì¢ëWç���ì �4ì¢æ{î�èÀôÍè­ã­è­ç �pä���ð�î�èwé�øjóªè­ñ�ì¢ãÀì¢î�î
ë�æHç�æÕôÍñ�ä�æ{ë�åvæ{î�çeè­éLç���ì�í+ìvñ�ö<æ{î�è­ö{ìJå�ä�÷�íÍð�ç�è­é�øpìvñ�æ #NM (*� 
?èÀç���æ8å�ä�é�ç�è­é2ð�ä�ð�î0ôÍñ�ä�æ{ë�åvæ{î�ç*é�ìvç¹ó$ä{ñ��O� åvæ{ãwãÀì¢ë
P0èÀñ�ì¢å�çQ#Ëæ{é�ëSR)ìvç¹ó$ä{ñ��L!Ëð�î�è­é�ø�� 	-ñ�æ{ëÍèÀä�î�ð�ô6åvæHñ�ñ�èÀìvñ �4ñ�ì¢ïAð�ì¢éÍåvèÀì¢îvòLA?BTCE�¶ê§ôÍæ{î�ì¢ë¸ë�ìvö2èwå�ì¢î¶î�ð�å��pæ{îËóËæHç�å���ì¢î
æ{é�ëcæ{ãwæHñ�÷�îvò�åvæ{écå�ä�éAç�è­é2ð�ä�ð�î�ã �uñ�ì¢å�ì¢è­ö{ìeç�è­÷�ì¢ã��{ò�ã­ä2åvæHç�èÀä�é�ê¹æ¢óËæHñ�ì{òÍí:ìvñ�î�ä�éÍæ{ã­è�
vì¢ëpè­é��Cä{ñ�÷�æHç�èÀä�é �

� ��ìvñ�ì)æHñ�ì�î�ç�ðÍë�èÀì¢î�èwé�ç���ì0ã­èÀç�ìvñ�æHç�ð�ñ�ì)î���ä�óªè­é�ø*ç���æHç$óªèÀñ�ì¢ã­ì¢î�î�ë�æHç�æ�ô�ñ�ä�æ{ë�åvæ{î�çËè­î�æ{éuì��uåvèÀì¢éAç¶æHí�í�ñ�ä�æ{å!�
ç�äeë�è­î�î�ì¢÷�è­é�æHç�èwé�ø)è­é �4ä{ñ�÷jæHç�èÀä�é�ç�äeæ{é�æHñ�ôÍèÀç�ñ]æHñ�è­ã���ã­æHñ�ø{ì´é2ð�÷Zô:ìvñ�ä��:÷�ä{ôÍèwãÀì$èwé��4ä{ñ]÷�æHç�èÀä�éJå�ä�é�î�ð�÷�ìvñ�î #&%Pò 2 G�ò
2�2 (*�VU)ä�ó$ìvö{ìvñ¢ò�÷�ä�î�ç$ä��xç���ì"í�ñ�ìvöPèÀä�ð�î�î�ç�ð�ë�è­ì¢î²ä�é�ã���æ{ëÍë�ñ�ì¢î�î�ì¢ëuç���ì"ë�è­î�î�ì¢÷jè­é�æHç�èÀä�é�öPè­æZóªèÀñ�ì¢ã­ì¢î�î&ô�ñ�ä�æ{ëÍåvæ{î�ç
óªèÀç���ä�ð�ç�ç�æ �Pè­é�ø0è­éAç�ä�æ{åvå�ä�ð�é�ç&ç���ìËèw÷�íÍæ{å�ç&åvæ{ð�î�ì¢ë�ô �ZãÀäPåvæHç�èÀä�éJè­é��Cä{ñ�÷�æHç�èÀä�é �9�°éZç��Íè­î�íÍæHí:ìvñ¢ò{æ{î&æ���ñ�î�çhî�ç�ìví
ç�ä�óËæHñ�ë�îeç���è­î0ë�èÀñ�ì¢å�ç�è­ä�é6ò�ó$ì�æ{ë�ë�ñ�ì¢î�î"ç���ì�è­î�î�ð�ì¢î"ä��$î�ð�í�í:ä{ñ�ç�è­é�ø��9P
ALW0î0è­é
óªè­ñ�ì¢ãÀì¢î�î)ô�ñ�ä�æ{ë�åvæ{î�çeî �2î�ç�ì¢÷�î��

�ìWæ{î�î�ð�÷�ìÕç���æHçuè­é��Cä{ñ�÷�æHç�èÀä�éUä{ô?��ì¢å�ç�îjó)èÀç��Øî�íÍæHç�è­æ{ãËíÍñ�ä{í:ìvñ�ç�èÀì¢îX� è � ì��ÀòËãÀäPåvæHç�èÀä�éY!JæHñ�ìWë�è­î�î�ì¢÷jè­é�æHç�ì¢ëUä�é
óªèÀñ�ì¢ãÀì¢î�î�ë�æHç�æFå���æ{é�é�ì¢ã­îZ� î�è­÷jè­ã­æHñ�ç�äMñ]æ{ë�èÀä�ä{ñ[� � å!��æ{é�é�ì¢ãwî\!!�]�°é��Cä{ñ�÷�æHç�èÀä�é å�ä�éÍî�ð�÷�ìvñ�î^�Cì�� ø��Àò´ë�ìvöPè­å�ì¢î
ä{ñÕæHí�íÍã­èwåvæHç�èÀä�é�î\!�ñ�ìvç�ñ�èÀìvö{ìLè­é��Cä{ñ�÷�æHç�èÀä�é ä{ô?�°ì¢å�ç�î �Cñ�ä�÷ ç���ìWó)èÀñ�ì¢ãÀì¢î�îuë�æHç�æUå���æ{é�é�ì¢ã­îjç�ä æ{é�î�ó$ìvñÕïAð�ìvñ�èÀì¢î
�Cñ�ä�÷-ç���ì¢è­ñZð�î�ìvñ]î��S��ä
î�è­÷�íÍãwè�� �8ä�ð�ñZë�èwî�åvð�î�î�è­ä�é�îvò�è­é ç���ìuå�ä�éAç�ì�õ2çJä��Ëç���è­î*íÍæHí:ìvñ¢ò�ó$ìuå�ä�éÍî�è­ë�ìvñZä�é�ã��Lç���ì
÷�ä{ôÍèwãÀì�ë�ìvöPè­å�ì¢î&æ{î�ç���ì¶è­é��Cä{ñ�÷�æHç�è­ä�éZå�ä�é�î�ð�÷�ìvñ�îhæ{é�ëJæ{î�î�ðÍ÷�ì�ç��ÍæHç&ç���ì$÷�ä{ôÍè­ãÀìËë�ìvöPè­å�ì¢î �2é�äDó ç���ì¢èÀñ&åvð�ñ�ñ�ì¢éAç
ãÀäPåvæHç�èÀä�é�î�_��D� �2ð�îvò.�2P�A.W0î´åvæ{éWô+ì�íÍñ�ä2å�ì¢î�î�ì¢ë8ãÀäPåvæ{ã­ã��pæHçªç���ì*ë�ìvöPè­å�ì¢îvòÍó)èÀç���ä�ð�ç´î�ð�ôÍ÷�èÀç�ç�è­é�ø�ç���ì*ãÀäPåvæHç�èÀä�é
è­é��Cä{ñ�÷�æHç�è­ä�épç�ä�ç���ìeî�ìvñ�ö{ìvñ �
� î²ó$ì¶óªè­ã­ãPë�ìvç�æ{èwã�ã­æHç�ìvñ�è­é�ç���ì¶íÍæHí:ìvñ¢ò�ç���ì´î�í+ì¢åvè���å¶å���æHñ]æ{å�ç�ìvñ�è­î�ç�è­åvî�ä��-�2P
ALW0î²æ{é�ë�ô�ñ�ä�æ{ë�åvæ{î�ç�î �2î�ç�ì¢÷�î
`�acbed/fSgihkj�bmlnd/o)pif�q�beprhksth"lvu"hkq�p)o,wEh\q�lcp)x"w�dFg/orlzyzp,d/bex"qXx\{T|$}Y~Sh\q'lcqzo,d��-x\g/��d�g/b�hkq��\y�smhkd/bex"qXd/o)pif�qzx"sex"�\bmo,w)�$d/f�bew�bmwEh

g/orhkw�x"q'hk��seo�h\w�w�yz� jzd/bex"q��

%



è­éAç�ñ�äPë�ð�å�ìª÷�æ{é���é�ìvó�å���æ{ãwãÀì¢é�ø{ì¢î�ç���æHç$÷jæ �{ì"èÀç$è­÷�í:ä�î�î�è­ôÍãÀìËç�ä�ëÍèÀñ�ì¢å�ç�ã��Jì¢÷�íÍã­ä ��ì�õ�è­î�ç�è­é�ø*ç�ì¢å���é�èwïAð�ì¢î"�$��ä{ñ
ì�õ�æ{÷�íÍãÀì{ò�ç���ìZæ{é�î�ó�ìvñ"ç�ä¸æuïAð�ìvñ��Õ÷�æ"�cô:ì*î�ì¢é�î�èÀç�èÀö{ì*ç�äuç���ì�ãÀäPåvæHç�èÀä�écó ��ìvñ�ì*ç���ì�ïAð�ìvñ��Õè­îªè­î�î�ð�ì¢ë�� � �2ð�îvò
èÀç0÷�æ"�
é�ä{ç�æ{ãÀóËæ"�Pî�ô:ìZöHæ{ã­è­ëWç�äpç���ì�î�æ{÷�ì�ïAð�ìvñ��8è­î�î�ð�ì¢ë$�Cñ�ä�÷ æpë�è �:ìvñ�ì¢éAç0ã­ä2åvæHç�èÀä�é ��	8ä{ñ�ìväDö{ìvñ¢ò�èwé�î�ç�ì¢æ{ë
ä���ô:ì¢è­é�øZæ{ãÀóËæ"�Pî¶æ¢öHæ{è­ã­æHôÍã­ì)ó ��ì¢é¸î�ç�ä{ñ�ì¢ëÕè­é¸ë�è­î �Pî�ä{ñ´÷�ì¢÷�ä{ñ�èÀì¢îvò2ç���ì�è­é�ë�ì�õjè­é��Cä{ñ�÷�æHç�èÀä�é¸è­î$ä�é�ã��jæ�ö<æ{èwã­æHôÍãÀì
ó ��ì¢é¸èÀçËè­î�ä�éuôÍñ�ä�æ{ë�åvæ{î�ç��t�°éuæ�í�ñ�ìvö2èÀä�ðÍî²ó$ä{ñ���òPó$ì ��æ¢ö{ì0ì�õPíÍãÀä�èÀç�ì¢ë¸î�ä�÷�ì0æ{î�í:ì¢å�ç�îËä���ãÀäPåvæHç�èÀä�éPê¹ë�ìví:ì¢é�ë�ì¢é�ç
ï2ð�ìvñ��MíÍñ�ä2å�ì¢î�î�è­é�ø����"ñ�è­ë�ê§íÍæHñ�ç�èÀç�èÀä�éUè­é�ë�ì�õ �4äPåvð�î�ì¢î�ä�éØé�ì¢æHñ�ì¢î�ç°ê¹é�ì¢è­ø ��ô:ä{ñjî�ì¢æHñ]å�� è­éUóªè­ñ�ì¢ãÀì¢î�î�ô�ñ�ä�æ{ëÍåvæ{î�ç
ì¢éAö2èÀñ�ä�é�÷�ì¢éAç�î�#NH�� (§ò6ó ��è­ãÀì�Pªê§ç�ñ�ìvì�è­î0æ{è­÷�è­é�ø¸æHç�î�ð�í�í:ä{ñ�ç�è­é�ø�í:ä�è­é�ç0ï2ð�ìvñ�èÀì¢î"è­é
æ¸é�ä�éPê§ä�ö{ìvñ�ãwæHí�í:ì¢ë
î�íÍæHç�è­æ{ã
î�ä�ã­ð�ç�èÀä�éjî�í�æ{å�ì�#NH���(*�t�°é¸æ*ñ�ì¢å�ì¢éAç$íÍæHí:ìvñ #NH��)(§ò2ó$ì)í�ñ�ä{í+ä�î�ì)æZø{ì¢é�ìvñ�æ{ã+è­é�ë�ì�õ�è­é�øeî�ç�ñ]ð�å�ç�ð�ñ�ì �4ä{ñ$í�ñ�äDö2è­î�èÀä�é�è­é�ø
ç���ìJ÷�ä�î�ç0å�ä�÷�÷�ä�éLî�íÍæHç�èwæ{ã�ï2ð�ìvñ�èÀì¢î¢ò+è­éÍåvã­ð�ë�è­é�ø�ó)è­é�ë�äDó ï2ð�ìvñ�èÀì¢î"æ{é�ë��8é�ì¢æHñ�ì¢î�ç"é�ì¢èÀø ��ô:ä{ñ0ïAð�ìvñ�èÀì¢î�� � ��è­î
ñ�ìví�ñ�ì¢î�ì¢é�ç�î�ç���ì��Íñ�î�ç²ì��:ä{ñ�ç$ä�éjî�ð�í�í:ä{ñ�ç�è­é�øeî�í�æHç�è­æ{ãÍï2ð�ìvñ�èÀì¢î�è­éjæ*óªèÀñ�ì¢ãÀì¢î�î&ô�ñ�ä�æ{ë�åvæ{î�ç�ì¢éAö2è­ñ�ä�é�÷�ì¢éAç��$�¤éjç���è­î
íÍæHí:ìvñ¢ò�ó$ì�ì�õ2ç�ì¢éÍëcç���ì�í�ñ�ìvö2èÀä�ðÍîËó�ä{ñ�� �TC0ð�ñ´å�ä�é�ç�ñ�è­ôÍð�ç�èÀä�é�î¶æHñ�ì��4ä�ð�ñ�ê*�4ä�ãwë
	

� � é�ìvó ñ�ì¢î�ì¢æHñ�å��Fë�èÀñ�ì¢å�ç�è­ä�éLä���í�ñ�ä�öPè­î�èÀä�é�èwé�øuî�í�æHç�è­æ{ã&è­é��Cä{ñ�÷�æHç�èÀä�é�æ{éÍë�î�ð�í�í:ä{ñ�ç�è­é�ø¸î�í�æHç�è­æ{ã&ïAð�ìvñ�èÀì¢î
èwé�ç���ì�óªèÀñ�ì¢ãÀì¢î�î�ë�æHç�æ8ô�ñ�ä�æ{ë�åvæ{î�çZî �2î�ç�ì¢÷�î*è­î�èwë�ì¢é�ç�è��Íì¢ë�æ{é�ë î�ç�ðÍë�èÀì¢ë���BhæHñ�ç�è­åvðÍã­æHñ�ã��{òxç���ìjãÀäPåvæHç�èÀä�éPê
ë�ìví+ì¢éÍë�ì¢é�åvèÀì¢îËä��hïAð�ìvñ��uñ�ì¢î�ð�ãÀç�îËç�ä�ç���ì¢èÀñªð�î�ìvñ]î¶æHñ�ìeì�õPíÍãÀä�èÀç�ì¢ë��

� � é�ìvó è­é�ë�ì�õpî�ç�ñ�ð�å�ç�ð�ñ�ì"ô�æ{î�ì¢ëcä�éÕç���ì
U)è­ã­ô+ìvñ�çËåvð�ñ�ö{ìeè­î¶í�ñ�ä{í+ä�î�ì¢ë��

� � å�ä�î�ç´÷�äPë�ì¢ã6è­îËë�ìvö{ì¢ã­ä{í+ì¢ëpç�äu÷�ì¢æ{î�ð�ñ�ì0ç���ì�í:ìvñ��Cä{ñ�÷�æ{éÍå�ì"ä���ç���ì�í�ñ�ä{í:ä�î�ì¢ëpè­éÍë�ì�õ¸æ{é�ëpç�ä�íÍñ�ä�öPè­ë�ì
ç�ì¢å!��é�è­åvæ{ã�è­é�î�è­ø ��ç�î��

� � î�èw÷Zð�ãwæHç�èÀä�épè­î¶å�ä�é�ë�ð�å�ç�ì¢ëcç�äjå�ä�÷�íÍæHñ�ì�ä�ð�ñ´í�ñ�ä{í:ä�î�æ{ã:óªè­ç��¸î�ç�æHç�ì�ê§ä��wê§ç���ì�ê¹æHñ�ç0èwé�ë�ì�õPì¢îvò�ð�î�è­é�øJô:ä{ç��
î��2éAç���ìvç�è­åvæ{ãxëÍæHç�æ�æ{é�ëÕñ�ì¢æ{ã�ë�æHç�æ �

� ��ì
ñ�ì¢î�çÕä��Zç��Íè­îpíÍæHí:ìvñÕè­îpä{ñ�ø�æ{é�è�
vì¢ë æ{î �4ä�ãwãÀä�óªî"� � ô�ñ�èÀì��Zñ�ìvö2è­ìvó ä���ç���ì�ô�ñ�ä�æ{ë�åvæ{î�ç°ê§ôÍæ{î�ì¢ë æ{é�ë
ç�ñ�æ{ë�è­ç�èÀä�é�æ{ãªî�ä�ã­ð�ç�èÀä�é�î��4ä{ñÕî�í�æHç�è­æ{ãªï2ð�ìvñ�èÀì¢î¸è­îuí�ñ�äDö2è­ë�ì¢ë è­é A2ì¢å�ç�èÀä�é % � �°é A2ì¢å�ç�èÀä�é H2òªó$ì
æ{é�æ{ã � 
vì
ç���ì
ñ�ì¢ï2ð�èÀñ�ì¢÷�ì¢é�ç�î��Cä{ñ�î�ð�í�í:ä{ñ�ç�èwé�øWî�í�æHç�è­æ{ã¶ïAð�ìvñ�èÀì¢î�è­éUóªèÀñ�ì¢ãÀì¢î�îJë�æHç�æ�ô�ñ�ä�æ{ë�åvæ{î�ç�î �Pî�ç�ì¢÷�î�� #Ëæ{î�ì¢ëØä�é ç���ì¢î�ì
ñ�ì¢ï2ð�èÀñ�ì¢÷�ì¢é�ç�îZæ{é�ë ä�ð�ñ�æ{é�æ{ã��Pî�è­îvò�æ8é�ìvó è­é�ë�ì�õ�î�ç�ñ�ðÍå�ç�ð�ñ�ì�ôÍæ{î�ì¢ëMä�éMç���ì[U"è­ãÀô:ìvñ�çeåvð�ñ�ö{ì{òhæWî�íÍæ{å�ì���ã­ã­è­é�ø
åvð�ñ�ö{ì{ò+è­îËí�ñ�ä{í:ä�î�ì¢ë � � î�è­÷�ð�ã­æHç�èÀä�é¸ôÍæ{î�ì¢ëcí:ìvñ��Cä{ñ�÷�æ{é�å�ì�ìvöHæ{ã­ð�æHç�èÀä�éWè­î´å�ä�é�ëÍð�å�ç�ì¢ëcè­éIAPì¢å�ç�èÀä�é����T��èwé�æ{ã­ã��{ò
ó$ì*å�ä�é�åvã­ð�ë�ì�ç���è­îËíÍæHí:ìvñ´è­éZA2ì¢å�ç�è­ä�é
� �

� � ý
������� �]û��¶ý����´ûJÿ��������$ü��²ÿ�� þªý
 

��ä"ç���ì$ô:ì¢î�çhä���ä�ð�ñ �2é�äDóªãÀì¢ë�ø{ì{ò�ç���è­î�è­î�ç���ìT�Íñ�î�ç�ó�ä{ñ��*ä�é�î�ð�íÍí+ä{ñ�ç�è­é�ø´ø{ì¢é�ìvñ]æ{ã�ãÀä2åvæHç�è­ä�éPê¹ë�ìví:ì¢é�ë�ì¢éAç�î�íÍæHç�è­æ{ã
ï2ð�ìvñ�èÀì¢îZè­é�óªèÀñ�ì¢ãÀì¢î�îeë�æHç�æ8ô�ñ�ä�æ{ë�åvæ{î�ç*ì¢éAö2èÀñ�ä�é�÷�ì¢éAç�î��c�¤éMç���ì��Cä�ã­ãÀäDóªè­é�ø�òxó$ì¸ô�ñ�èÀì"! �Wñ�ìvöPèÀìvó ç���ìuì�õPèwî�ç�è­é�ø
ó$ä{ñ��uñ�ì¢ã­æHç�ì¢ëcç�äjã­ä2åvæHç�èÀä�é�ê¹ë�ìví:ì¢é�ë�ì¢éAçËî�íÍæHç�è­æ{ãxï2ð�ìvñ�èÀì¢î¶æ{éÍëÕóªèÀñ�ì¢ã­ì¢î�îËë�æHç�æ�ô�ñ�ä�æ{ëÍåvæ{î�ç��

#%$'& (*),+.-�/102)43,5"687:9;7:3�<�7:3=/?>%9�-�/102-
@BA�C�7EDF0'7:G

P0ð�ìJç�äÕç���ì�÷�ä{ôÍè­ãwèÀç �cä��$ð�î�ìvñ�î0è­é
í:ìvñ�öHæ{î�èÀö{ìJå�ä�÷�íÍð�ç�èwé�øuì¢éAöPèÀñ�ä�é�÷�ì¢éAç�îvò6ç���ì�æ{é�î�ó�ìvñ�ç�äcæpî�íÍæHç�èwæ{ã&ïAð�ìvñ��
÷�æ ��ô+ì¸ë�ìví:ì¢é�ë�ì¢éAçeä�é ç���ìuãÀäPåvæHç�èÀä�éFä��´èÀç�î*å�ä�é�î�ð�÷�ìvñn� è*� ì��Àò�ç���ìu÷�ä{ôÍèwãÀìjë�ìvöPè­å�ìz!!�X� �2ð�îvò�ó�ìuç�ìvñ�÷ ç���è­î

H



�Pè­é�ë�ä��+ï2ð�ìvñ�è­ì¢î&æ{î²ãÀäPåvæHç�èÀä�éPê¹ë�ìví:ì¢é�ë�ì¢éAç&î�íÍæHç�è­æ{ã�ï2ð�ìvñ�è­ì¢î��2�°é�ç���èwîhíÍæHí:ìvñ¢ò{ó�ì´å�ä�éÍå�ì¢é�ç�ñ�æHç�ì)ä�é�ç¹ó$äZå�ä�÷j÷�ä�é
åvã­æ{î�î�ì¢î²ä��:î�íÍæHç�è­æ{ã�ï2ð�ìvñ�è­ì¢îvò�é�æ{÷�ì¢ã �{ò��t� &-(%���]1�3.*�4\�/* +&æ{é�ë��)0=&-*�.'4Q* +"� 0,&-*������?�Q�'465 ��	
	D<¶î�ì¢æHñ�å!��� 
�ì)æ{î�î�ð�÷�ì
ç���æHç¸ç���ìWëÍæHç�æMä{ô?��ì¢å�ç�îpæHñ�ì
ñ�ìví�ñ�ì¢î�ì¢éAç�ì¢ë?æ{îjí:ä�è­éAç�îjè­é ç���ìLî�íÍæHç�è­æ{ã)î�íÍæ{å�ì�� 
�è­é�ë�ä�ó ï2ð�ìvñ�è­ì¢î ��é�ë ç���ì
ä{ô?��ì¢å�ç�î�ç��ÍæHç�æHñ�ì)ã­ä2åvæHç�ì¢ëjóªèÀç���è­éJæ*ø�èÀö{ì¢é�óªèwé�ë�ä�ó*ò{ó ��è­å!��è­î²æ�ñ�ì¢å�ç�æ{é�ø�ãÀì)èwé�æ %Dê¹ë�è­÷�ì¢é�î�èÀä�é�æ{ã�î�íÍæ{å�ì�� �?RFR
ï2ð�ìvñ�èÀì¢îvòAæ{î²ç���ì´ç�ìvñ]÷ è­é�ëÍè­åvæHç�ì¢îvò�ñ�ìvç�ð�ñ�é �Jä{ô?��ì¢å�ç�î�èwéJç���ìªî�íÍæHç�èwæ{ã�î�íÍæ{å�ì>�Có ��è­å!��å�ä�é�ç�æ{èwé�î��Õä{ô?��ì¢å�ç�î²ó ��ìvñ�ì
��

� �L!Ëåvã­ä�î�ì¢î�ç´ç�äjæ�ø�èÀö{ì¢écï2ð�ìvñ��¸í+ä�èwé�ç��

�´ê§ç�ñ�ìvì # 2 � ($æ{é�ëUèÀç�îZö<æHñ]è­æ{é�ç�î¢òhî�ð�å��Uæ{î��
��ê§ç�ñ�ìvì #NH�%)($æ{é�ë�����ê§ç�ñ�ìvì # � (§ò&í�ñ�ä�öPè­ë�ìjæWø{äAäPëUî�ä�ã­ð�ç�èÀä�éMç�ä
óªè­éÍë�ä�ó ï2ð�ìvñ�è­ì¢î²è­é�ç�ñ�æ{ëÍèÀç�èÀä�é�æ{ã�ëÍè­î �Aê§ôÍæ{î�ì¢ë�î�í�æHç�è­æ{ã�ë�æHç�æHôÍæ{î�ì¢î���#Ëæ{î�ì¢ëuä�éjå�ìvñ�ç�æ{è­é���ì¢ð�ñ�èwî�ç�è­åvîvò�ç���ì´ä{ô?��ì¢å�ç�î
åvãÀä�î�ìLç�ä ì¢æ{å���ä{ç���ìvñcæHñ�ìLø{ñ�ä�ð�í:ì¢ë?è­é�ç�äØãÀì¢æ �Zé�ä2ë�ì¢îuä��*ç���ìLç�ñ�ìvì¢î�� �°é�ç�ìvñ]é�æ{ã0é�ä2ë�ì¢îuð�î�ì
ç���ì
÷�èwé�è­÷�æ{ãºê
ô:ä�ð�é�ë�èwé�øuñ�ì¢å�ç�æ{é�ø�ãÀì¢îc� 	I#��ªî"!0ç�ä8ñ�ìví�ñ�ì¢î�ì¢éAç*æHñ�ì¢æ{îZç���æHç*å�äDö{ìvñJæ{ãwã&ç���ìjî�ð�ô�ê¹æHñ�ì¢æ{îeñ�ìví�ñ�ì¢î�ì¢éAç�ì¢ë ô �Lç���ì¢èÀñ
å��Íè­ã­ë�ñ�ì¢é�é�ä2ë�ì¢î"� � ��ìvñ�ì��4ä{ñ�ì{òAæ�óªèwé�ë�ä�ó ï2ð�ìvñ��Jè­î&íÍñ�ä2å�ì¢î�î�ì¢ë�ô �ZöPè­î�è­ç�è­é�ø0ç���ì´ç�ñ�ìvì)é�ä2ë�ì¢î&ç���æHç�äDö{ìvñ�ã­æHíuóªèÀç��
ç���ì�ïAð�ìvñ��uóªèwé�ë�ä�ó � � �hç���ìeä{ô?��ì¢å�ç�î0æHñ�ì*æ¢öHæ{è­ã­æHô�ãÀì*æ�íÍñ�èÀä{ñ�èÇò�î�ä�÷�ì*íÍæ{å��2èwé�øjæ{ãÀø{ä{ñ�è­ç���÷�î´åvæ{éWô:ìeì¢÷�íÍãÀä �{ì¢ë
ç�ä�ôÍðÍè­ã­ë��¶ê§ç�ñ�ìvìZç�äjæ{å���è­ìvö{ì*æ�ô:ìvç�ç�ìvñ)î�ì¢æHñ]å��cí:ìvñ��Cä{ñ�÷�æ{éÍå�ì��

�?R R î�ì¢æHñ]å��6ò�æ�ó$ì¢ã­ãºê*�Pé�ä�óªéuí�ñ�ä{ô�ãÀì¢÷ èwéuå�ä�÷�í�ð�ç�æHç�èÀä�é�æ{ã+ø{ìvä�÷�ìvç�ñ��{òÍó$æ{îT�Íñ]î�ç��Cä{ñ�÷�ð�ã­æHç�ì¢ë¸ô ��	Wèwé�î � �
æ{é�ë BhæHí:ìvñ�ç*è­é 2 '���' #&%��)(*� �¤éLç���ì 2 '�''G{îvò�ñ�ì¢î�ì¢æHñ�å!��ìvñ�îeè­é�î�íÍæHç�è­æ{ã&ë�æHç�æHôÍæ{î�ì¢îeô:ì¢åvæ{÷�ì�è­éAç�ìvñ�ì¢î�ç�ì¢ë èwéLç���è­î
í�ñ�ä{ô�ãÀì¢÷ #&%0MPò.H 2 (xæ{é�ëpø{ñ�æ{ë�ðÍæ{ã­ã���ì�õPç�ì¢é�ë�ì¢ëÕèÀç´èwé�ç�ä�æ ��èÀø ��ê¹ë�è­÷�ì¢é�î�èÀä�é�æ{ã�î�í�æ{å�ì{òÍî�ð�å!�Õæ{î´è­÷�æHø{ìeî�èw÷�è­ã­æHñ�è­ç �
å�ä�÷�íÍæHñ]è­î�ä�é�æ{é�ëZå�ä�éAç�ì¢éAç°ê§ôÍæ{î�ì¢ëJñ�ìvç�ñ�è­ìvö<æ{ã2è­é�÷Zð�ã­ç�è­÷�ì¢ë�è­æ¶æHíÍíÍã­è­åvæHç�èÀä�éÍî�# �Pò 2 �)(*�$�¤é�æ{ë�ë�èÀç�è­ä�é6òDî�ä�÷�ì$î�ç�ðÍë�èÀì¢î
��æ�ö{ìZë�ìvö{ì¢ãÀä{í:ì¢ëcæHíÍí�ñ�ä¢õ�è­÷�æHç�è­ä�écæ{ãÀø{ä{ñ�èÀç��Í÷�î �Cä{ñ´ç���ìeí�ñ�ä{ôÍãÀì¢÷ # 2 %)(*�D#Ëæ{î�ì¢ëcä�é8ç���ìeç���ì*é2ð�÷Zô:ìvñ¶ä��hî�åvæ{é�î
ä�é?æFë�æHç�æ{î�ìvçvòªç���ì��?RFR-æ{ã­ø{ä{ñ�èÀç���÷�îuåvæ{é ô:ì
åvã­æ{î�î�è ��ì¢ë è­éAç�äMç�ó�ä åvæHç�ìvø{ä{ñ�èÀì¢î 	Fî�è­é�ø�ãÀì�ê¹î�ç�ìví?î�ì¢æHñ]å���æ{é�ë
÷�ð�ãÀç�èºê¹î�ç�ìvícî�ì¢æHñ�å����

������� � Û"! �$# Û&% � Û('�ß*)�+ � ��è­î�åvæHç�ìvø{ä{ñ��¸ä���æ{ãÀø{ä{ñ�èÀç��Í÷�î�î�ì¢æHñ�å���ì¢îËæ{é�î�ó�ìvñ�î$ôÍæ{î�ì¢ëjä�épæ{î�î�äPåvè­æHç�ì¢ëpè­é�ë�ì�õ
î�ç�ñ�ðÍå�ç�ð�ñ�ì¢î�� � ��ì��Fî�åvæ{é ç���ìÕë�æHç�æ{î�ìvçvò-,8ò�ä�é�ã�� ä�é�å�ì��]A2ìvö{ìvñ]æ{ã¶ë�è �:ìvñ�ì¢é�ç�æHí�íÍñ�ä�æ{å���ì¢î�æHñ�ìcë�ì¢î�å�ñ�èÀô:ì¢ëUè­é
ç���ì�ã­è­ç�ìvñ�æHç�ð�ñ�ì��6#�ñ]æ{é�å��Pê¹æ{éÍëPê§ô:ä�ð�é�ëLæ{ãÀø{ä{ñ�èÀç��Í÷�î�ð�î�ì�ë�è­î�ç�æ{é�å�ì�ê§ôÍæ{î�ì¢ë ��ì¢ð�ñ�è­î�ç�è­åvî"ç�äcë�ìvç�ìvñ]÷�è­é�ìJç���ì�é�ì�õPç
é�äPë�ì�ç�äjöPè­î�è­ç´æ{é�ëcç�ä�íÍñ�ð�é�ì�ô�ñ]æ{é�å���ì¢îªç���æHç´ó$ä�ð�ã­ëcé�ìvö{ìvñ)ô:ì�öPè­î�èÀç�ì¢ë6ò�æ{éÍëcç���ìeöHæHñ�è­æ{éAç�îª÷jæ{è­é�ã��¸ë�è �:ìvñªè­é
î�ì¢æHñ�å!��è­é�ø8ä{ñ�ë�ìvñ�îeæ{éÍë ç���ìj÷�ìvç�ñ�è­åvî*ðÍî�ì¢ë�ç�ä8íÍñ�ð�é�ì�ç���ìjô�ñ�æ{é�å!��ì¢î�#/.Aò 2 .2ò,%0M)(*�n�¤éÍå�ñ�ì¢÷�ì¢éAç�æ{ã�æ{ãÀø{ä{ñ�è­ç���÷�î
ñ�ìví:ä{ñ�ç�ç���ì�ï2ð�æ{ã­è��Íì¢ëLî�íÍæHç�è­æ{ãhä{ô?��ì¢å�ç�îeä�é�ì�ô��
ä�é�ì�ç�ä
� æ{åvè­ã­è­ç�æHç�ì�íÍèÀí:ì¢ã­è­é�ì¢ëWïAð�ìvñ��8í�ñ�ä2å�ì¢î�î�è­é�ø�òxì¢î�í:ì¢åvè­æ{ãwã��
�Cä{ñ´å�ä�÷�íÍãÀì�õpïAð�ìvñ]èÀì¢î¶è­éAö{ä�ãÀö2èwé�øZíÍñ�ä¢õ�è­÷�èÀç���# 2 � (*� APä�÷�ìeæHí�í�ñ�ä�æ{å!��ì¢î´ë�è­ñ�ì¢å�ç�ã��jð�î�ì"ç���ì �&ä{ñ�ä�é�ä�èºêiP0è­æHø{ñ�æ{÷jîvò
ó ��èwå��pí�ñ�äDö2èwë�ì�ç���ìeî�ä�ã­ð�ç�èÀä�éÕî�íÍæ{å�ìeä�� �?R R î�ì¢æHñ�å��$�4ä{ñ"æ6��õ2ì¢ë � #NH (*�

021 �3#4� ! �$# Û(% � Û('�ß*)�+ � ��ìvñ�ìLæHñ�ì�î�èÀç�ðÍæHç�èÀä�é�î¸è­é íÍñ�æ{å�ç�è­å�ìLó ��ìvñ�ìLæ å�ä�÷�íÍãÀì�õ?î�è­÷�è­ãwæHñ�èÀç �Øë�èwî�ç�æ{é�å�ì
ô:ìvç¹ó$ìvì¢éJç¹ó$äeî�íÍæHç�è­æ{ã2ä{ô?��ì¢å�ç�î&è­î�ö{ìvñ��Zì�õ2í:ì¢é�î�è­ö{ì�ç�ä0ä{ô�ç�æ{è­é � ��ä�æ{ë�ë�ñ�ì¢î�î�ç���èwî�è­î�î�ð�ì{ò{÷ZðÍãÀç�èºê¹î�ç�ìví�æ{ãÀø{ä{ñ�è­ç���÷�î
��æ�ö{ìjô:ìvì¢é�í�ñ�ä{í:ä�î�ì¢ë ç�ä8ð�î�ìjå!��ì¢æHí:ìvñ
��ã­ç�ìvñ*ë�è­î�ç�æ{éÍå�ì��CðÍé�å�ç�èÀä�é�î0ç�äZ�Íñ�î�ç�ä{ô�ç�æ{èwé åvæ{é�ë�è­ëÍæHç�ìjî�ìvç�î[� èwé�ç���ì
��ãÀç�ìvñZî�ç�ìvíÍî\! �4ä{ñZì�õPæ{å�çZìvö<æ{ã­ðÍæHç�èÀä�éMã­æHç�ìvñ�è­é�ç���ìuñ�ì���é�ì¢÷�ì¢é�ç*î�ç�ìvíÍî���5�ä{ñ�é�ìvç�æ{ã �uíÍñ�ä{í:ä�î�ì¢ë æ{éMæ{ëÍæHí�ç�ì¢ë
æ{ãÀø{ä{ñ�è­ç���÷ #&%0H)(*�V�hèÀñ�î�çvòAæ�î�ìvç²ä�� ��í�ñ�è­÷jæHñ��*åvæ{é�ë�èwë�æHç�ì¢î&óËæ{î�î�ì¢ãÀì¢å�ç�ì¢ëjôÍæ{î�ì¢ë�ä�éjî�ç�ä{ñ�ì¢ë�î�ç�æHç�èwî�ç�è­åvî&ç�äeä{ôÍç�æ{è­é
ç���ì�ð�í�í:ìvñ)ô+ä�ðÍé�ë76"8:9<;�ò6ó ��è­å!�Wåvæ{éLø�ð�æHñ]æ{é�ç�ìvì�ç���æHç0ç���ìvñ�ìJæHñ�ìJæHç�ãÀì¢æ{î�ç �Wä{ô?��ì¢å�ç�î0óªèÀç��Íè­écç���ì�ë�èwî�ç�æ{é�å�ì
6=8>9?; �4ñ�ä�÷ ç���ì"ï2ð�ìvñ���í:ä�è­éAç:@ �VR)ì�õ2çvò�æZñ�æ{é�ø{ì�ï2ð�ìvñ���óËæ{î$ì�õ2ì¢åvð�ç�ì¢ëpä�éuç���ì0ëÍæHç�æ{î�ìvçËç�ä�ñ�ìvç�ñ�èÀìvö{ì0ç���ìF��é�æ{ã
åvæ{é�ë�èwë�æHç�ì¢î�� � éuì�õPç�ì¢é�ë�ì¢ëuö{ìvñ�î�èÀä�éuä��xç���è­î�æ{ãÀø{ä{ñ�èÀç��Í÷ óËæ{î�íÍñ�ä{í:ä�î�ì¢ëjè­é�#NH 2 (+èwé�ó ��èwå��A6"8:9<;*óËæ{î$æ{ëÍæHí�ç�ì¢ë
ìvö{ìvñ��pç�è­÷�ìeæjåvæ{é�ë�è­ë�æHç�ì�ä{ô��°ì¢å�ç´óËæ{îªå!��ì¢å��{ì¢ë �

�



�0è­ö{ì¢é�æeî�íÍæHç�èwæ{ã�ïAð�ìvñ��{òAî�ð�å!��æ{î²æB�?R R�ïAð�ìvñ��{ò�æeé�æ{è­ö{ì¶ó$æ ��ä��-��éÍë�è­é�ø"ç���ì´æ{é�î�ó$ìvñ�î�ìvç�è­î&ç�ä*ð�î�ì¶ô�ñ�ð�ç�ì
�Cä{ñ�å�ìËô���å���ì¢å��2è­é�ø�ì¢æ{å���ä{ô?��ì¢å�ç²æ{é�ëJå���äAä�î�èwé�ø0ç���ä�î�ìËç���æHç²î�æHç�è­î�� �eç���ìËå�ä�éÍë�èÀç�èÀä�é�î�ç�ä �Cä{ñ�÷'ç���ìD��é�æ{ã2æ{é�î�ó$ìvñ
î�ìvç��VU)ä�ó$ìvö{ìvñ¢ò2ç���è­î �Pè­é�ë�ä��6é�æ{èÀö{ìªî�ä�ã­ð�ç�èÀä�é�è­éÍåvð�ñ�îhæeã­æHñ�ø{ì)î�ì¢æHñ�å��uî�íÍæ{å�ì{òAñ�ì¢î�ð�ãÀç�èwé�ø�è­é�æeãÀä�é�øeî�ì¢æHñ�å��jç�è­÷�ì��
�°é�ä{ñ�ë�ìvñ�ç�ä*æ{é�î�ó$ìvñ�î�í�æHç�è­æ{ã�ï2ð�ìvñ�èÀì¢î²÷�ä{ñ�ì´ì��uåvèÀì¢éAç�ã��{ò2æ{ãÀø{ä{ñ�èÀç���÷jî²æHñ�ìªð�î�ð�æ{ã­ã��*ë�ì¢î�èÀø�é�ì¢ë�æ{åvå�ä{ñ]ë�è­é�øeç�äZç¹ó$ä
å�ä�÷�÷�ä�éuä{ô?��ì¢å�ç�èÀö{ì¢î 	 2 !²ñ�ì¢ë�ð�åvèwé�ø�ç���ì)î�è�
vìªä��6ñ�ìvç�ñ]èÀìvö{ì¢ëuëÍæHç�æZî�ìvç���æ{é�ë %%!&ä{íÍç�è­÷�è�
¢è­é�ø�ç���ìªñ�ìvíÍñ�ì¢î�ì¢éAç�æHç�èÀä�é
ä��ªë�æHç�æ
ä{ô?��ì¢å�ç�î�� � ��ì �4ä{ñ]÷�ìvñ�èwî*ñ�ì¢æ{ãwè�
vì¢ëMô �Mè­éAç�ì¢ã­ã­è­ø{ì¢é�ç��+ãÀç�ìvñ�è­é�øWæ{ãÀø{ä{ñ�èÀç���÷jî*ç���æHç�åvæ{é ë�ìvç�ì¢å�ç�é�ì¢æHñ�ã �
æ{ã­ã+ç���ì�é�ä{ç°ê¹ï2ð�æ{ã­è ��ì¢ëuä{ô��°ì¢å�ç�îvò�æ{éÍëpç���ì�ã­æHç�ç�ìvñªè­îËæ{å��ÍèÀìvö{ì¢ëÕô �uæ{épì��uåvèÀì¢éAç¶ñ�ìví�ñ�ì¢î�ì¢é�ç�æHç�è­ä�éÕî�å���ì¢÷�ì�ç�ä�ð�î�ì
ãÀì¢î�î)ôÍèÀç�î)ç�äpñ�ìví�ñ�ì¢î�ì¢é�ç"ç���ì�ôÍæ{î�è­åZè­é��Cä{ñ�÷�æHç�èÀä�é8ä��²ç���ì�ä{ô?�°ì¢å�ç�î"� �°é
ø{ì¢é�ìvñ�æ{ãÇò+öHæHñ�èÀä�ð�î"÷�ìvç���äPë�î ��æ¢ö{ìJô:ìvì¢é
ì¢÷�íÍã­ä �{ì¢ëcç�äuæ{å���èÀìvö{ìZç���ì¢î�ìeä{ô��°ì¢å�ç�èÀö{ì¢î�# 2 %)(*�T��ä{ñªì�õ�æ{÷�íÍãÀì{ò ��ì¢ð�ñ�è­î�ç�è­å0ë�è­î�ç�æ{é�å�ìeèwé��4ä{ñ]÷�æHç�èÀä�éÕåvæ{é$��ì¢ãÀíÕç�ä
í�ñ�ðÍé�ìZç���ì�è­÷�í:ä�î�î�èÀô�ãÀìZé�äPë�ì¢î�è­é
ä{ñ�ë�ìvñeç�äÕñ�ì¢ë�ð�å�ì�ç���ì�éAð�÷Zô:ìvñ0ä���öPè­î�èÀç�ì¢ë�é�ä2ë�ì¢î�#&%0M (§ò�æ{é�ëLç���ì���æ{î���è­é�ø
î�ç�ñ�æHç�ìvø��cèwî¶ð�î�ì¢ëcè­é #NH0H (�ç�äjã­è­÷jèÀç�ç���ìeî�ì¢æHñ�å��Wî�íÍæ{å�ì��

#%$ # ��0'D17:@27 G�G 6 - /�-�� D1) -
<�+.-
G /

�"ì¢é�ìvñ]æ{ã­ã��Õî�í:ì¢æ �2èwé�ø�ò�ç���ìvñ�ìZæHñ�ì*ç�ó�ä¸ôÍæ{î�è­å*æHí�í�ñ�ä�æ{å!��ì¢îªç�äpë�ì¢ã­è­ö{ìvñ�è­é�ø�è­é��Cä{ñ�÷�æHç�è­ä�éÕç�ä¸÷�ä{ôÍè­ãÀìeåvã­è­ì¢é�ç�î 	 2 !
ä�éPê¹ë�ì¢÷jæ{é�ëJæ{åvå�ì¢î�î�� � ÷�ä{ôÍè­ãÀì$åvã­èÀì¢éAç�è­î�î�ð�ì¢îhæ"ñ�ì¢ïAð�ì¢î�ç�ç�ä�ç���ìËî�ìvñ�ö{ìvñ"�$� ��ì¶î�ìvñ�ö{ìvñ²ãÀäPåvæHç�ì¢îhç���ì¶æHí�í�ñ�ä{í�ñ�è­æHç�ì
ë�æHç�æ�æ{é�ë¸ñ�ìvç�ð�ñ�é�îËèÀçËç�ä�ç���ì�÷�ä{ôÍè­ã­ì"åvã­è­ì¢é�ç�� %%!�ô�ñ�ä�æ{ëÍåvæ{î�ç���P0æHç�æ�æHñ�ì0ô�ñ�ä�æ{ëÍåvæ{î�ç¶ä�épä�é�ì0ä{ñ´÷�ä{ñ�ì�óªè­ñ�ì¢ãÀì¢î�î
å��Íæ{é�é�ì¢ã­îJä{í:ì¢é ç�ä�ç���ìÕíÍð�ôÍã­è­å � � �4ç�ìvñuæ�÷�ä{ôÍè­ãÀìpåvã­èÀì¢éAçJñ�ì¢å�ì¢èÀö{ì¢îuæ
ï2ð�ìvñ�� �4ñ�ä�÷ èÀç�î�ð�î�ìvñ¢ò$èÀçJç�ð�é�ì¢î�è­éAç�ä
ç���ìÕô�ñ�ä�æ{ë�åvæ{î�çjå!��æ{é�é�ì¢ã¶æ{é�ë ñ�ì¢å�ì¢èÀö{ì¢îjë�æHç�æMè­é æ{åvå�ä{ñ�ë�æ{é�å�ìWóªèÀç�� î�í:ì¢åvè �Íì¢ëØï2ð�ìvñ��Uå�ä�é�ë�èÀç�èÀä�éÍî�� U �2ô�ñ�è­ë
æHí�í�ñ�ä�æ{å���ì¢îªç���æHçªå�ä�÷ZôÍè­é�ì�ç���ìZæHô+äDö{ìeç¹ó$ä��Íæ¢ö{ì*æ{ã­î�ä�ô:ìvì¢éÕå�ä�é?�Íø�ð�ñ�ì¢ë # 2 M)(*�

	 ä�÷�íÍæHñ�ì¢ëJç�äeä�éPê¹ë�ì¢÷�æ{é�ë�æ{åvå�ì¢î�î¢ò�ô�ñ�ä�æ{ëÍåvæ{î�ç���æ{îhç���ì)æ{ë�ö<æ{éAç�æHø{ìªä��:î�åvæ{ã­èwé�ø�ð�í�ç�ä*î�ìvñ�ö{ì´æ{éjæHñ�ôÍèÀç�ñ�æHñ��
é2ð�÷*ô:ìvñËä��håvã­èÀì¢éAç�îËóªèÀç���ä�ð�çËè­é�åvð�ñ�ñ�è­é�ø�æ{ë�ë�èÀç�è­ä�é�æ{ã�å�ä�î�çªæHç¶ç���ì�î�ìvñ�ö{ìvñªî�èÀç�ì��VUªì¢éÍå�ì{òÍèÀç¶è­î¶æ�í�ñ�ä�÷�èwî�è­é�øJæ{é�ë
ë�ì¢î�è­ñ�æHôÍãÀìJë�è­î�î�ì¢÷�è­é�æHç�èÀä�é
÷�ìvç���äPë �Cä{ñeç���ì � ð�ç�ð�ñ�ìJí:ìvñ�öHæ{î�èÀö{ì�å�ä�÷�íÍð�ç�è­é�øpì¢é�öPèÀñ�ä�éÍ÷�ì¢é�ç�ó ��ìvñ�ìJç���ì�åvã­èÀì¢éAç
ôÍæ{î�ìZè­îËì�õ2í:ì¢å�ç�ì¢ë8ç�ä�ô:ì��Að�ø{ì��

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

	
	
	
	
	
	
	
	

�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�










�
�
�
�

�
�
�
�

......Previous
Broadcast

Next
Broadcast

Data_1 Data_2 Data_m

1 2 3 m
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Broadcast Cycle

�hèÀø�ð�ñ�ì 2 	�� �v�¤�)�¢���eÌÇ���{��µ���£¤�D�������]�v�¤�r�D�0���e�¤������£¤�D�D��«��D¦§�����A�¢�����]¥���¦¹�����)�����0Ï��D¬��JÒ�ÌÇ�<����£¤¥��]�� H�r�����Í�	«°�����º»D³��

��ä �Cæ{åvèwã­èÀç�æHç�ì�è­é��Cä{ñ�÷�æHç�èÀä�é¸î�ìvñ�öPè­å�ì¢îËä�épóªè­ñ�ì¢ãÀì¢î�î�ô�ñ�ä�æ{ë�åvæ{î�ç´å���æ{é�é�ì¢ã­îvò�è­é�ë�ì�õ¸è­é��Cä{ñ�÷�æHç�èÀä�é¸è­î$ç �2íÍè­åvæ{ã­ã �
ô�ñ�ä�æ{ëÍåvæ{î�ç¶æ{ãÀä�é�ø�óªèÀç���ç���ì"ë�æHç�æ�ä{ô?��ì¢å�ç�î��TAPç�ð�ë�èÀì¢î�î���ä�ó�ç���æHçËè­éAç�ìvñ�ãÀì¢æ�ö2è­é�ø�è­éÍë�ì�õ�è­é��Cä{ñ�÷�æHç�èÀä�éuóªèÀç��uë�æHç�æ
ä{ô?��ì¢å�ç�îe÷�æ �
æ{î�î�è­î�çe÷�ä{ôÍèwãÀì�åvãwèÀì¢é�ç�î0ç�äc�+ãÀç�ìvñ�ä�ð�ç�ð�éAó$æ{éAç�ì¢ë è­é��Cä{ñ�÷�æHç�è­ä�é
ëÍð�ñ�è­é�ø¸ïAð�ìvñ��8í�ñ�ä2å�ì¢î�î�è­é�øÕæ{é�ë
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