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Figure 1. A Query onto the Wireless Broad-
cast

êyç!ã¡ç�ÛPÜ�÷¦à&ì'ã¡ä�ÛVÙhÜyâ¢ÛPçPêyì�çPä´ã¢ÝßÙyù
ìeæyç�ÙqÙ�à�Þ�ì�çPÙ�Üqà�çPì�ì'à`ä¢ä¢à&ê
ÜPðHì'ÞßÝ®à`ÙPã¡äÏè�Ý®ã¡æ�ÛPîyã�ã¢æ�àYÙ�à&à&ê\Û!ëQâ¢à&øzî�à&ä¢ã�ò
ó�æyà;èÏçTð ç Ú#ÛPÜ�ÝßÞ®àÇì'ÞßÝßà&ÙVã¶çPì�ì'à`ä¢ä¢à&äJã¢æ�àÇÜyâ¢ÛPçPêyì�çPä´ã
ä´ã¡â´à`ç�Ú Ý�ä�ÝßÞ®Þ�îyä¢ã¢â¡ç!ã´à`ê Ý�Ù���Ý®ùVîyâ¢à����èkæ�à`â´à}ã¢æyà£ä´à`â´áPà&â
Üyâ´ÛVç�êyì&ç�ä¢ã¢äQçYä¢à�ãåÛ!ë^êyç�ã¢ç/ÛVÜz÷¦à&ì�ã¢ä��`ê���Pê����Vê����Vê����zê�����Ý�Ù
ÛPÙ�à !eÄ'Â�À&Á�ç�ÙqêHç·ì'ÞßÝßà&ÙVãÏÝßä¡ä¢îyà&äÏç.øzî�à`â´ð�â¢à�ã¡â´Ýßà�ázÝ�Ù�ù·ê��/ç�Ùyê
ê �qòÏýgØ¦Ù
ã¢æ�Ý�äñèåÛVâ¢é.èñà4çPä¢ä¡îyÚ#à�ã¡æ�à&â¢à�Ý�äÏÙ�Û.õyâ¢à&ì�à&ê�à`Ùyì'à4â´à�í
Þßç�ã´ÝßÛPÙ.ÝßÙ·ç�ì&ì'à`ä¢ä¢ÝßÙyùöêqç!ã¢ç4ÛVÜz÷¦à&ì�ã¢äeþ)Ø¦Ù.ã¡æ�à�ôqùVîyâ¢àñã¡æ�àkì'ÞßÝßà&ÙVã
æyç�ä
ã´ÛUèÏç!Ýßã�ë�ÛPâ
ã¢æ�à Ù�à���ã\Ücì&ç�ä¢ã�ã´ÛJçPì�ì�à&ä¡ä
ê��hÜcà&ì&ç�îyä¢à
ã¢æ�à êyç!ã¡ç�ÛPÜz÷¦à`ì'ã\ê���Ý�äHõyçPä¢ä¢à&ê}ÛláPà&â�ç�ã
ã¡æ�àhã¢ÝßÚ#àhèkæyà&Ù
ã¢æ�à#ì'ÞßÝ®à`ÙPã&û ä4øzî�à&â¢ð�ÝßätÝ�ä¢ä¡î�à&ê0ò
	�Ûlèñà�áPà&â �qÝ®ë�ã¢æyà.Üyâ¢ÛPçPêyì�çPä´ã
ä¢ìeæ�à`êyî�ÞßàtÝ�äñë�ÛPâ¡Ú#à&ê\ç�ä��;ê�� ��ê����yê� �yê ���yê���� ��ã¢æ�à`Ù
ã¡æ�à
ì'ÞßÝ®à`ÙPã.ì�ç�Ùiâ¢à�ã¡â´Ýßà�áPà�ê�� ��ê ��Ý�Ù�ì�îyâ¡â¢à&ÙVã !eÄ'Â�À&Áeò\ó�æyÝßä.ä¢çTð�ä
ã¢æyç�ã7ç�Ùià���ì�Ý®à`ÙVã.ä¡ìeæ�à&êyîyÞ®à
õqâ´ÛlázÝ�ê�à&äYçPì�ì�à&ä¡ä/ã´Ý�Ú#àHâ¢à&êyîyì'í
ã´ÝßÛPÙHã´Û�Ú#ÛPÜ�ÝßÞßàöì�Þ®Ýßà&ÙVã¡ä�ò

�ÏÑ�� �yÔv|������ ���� Ó ×¦�y×¦Ô Ó
� à�ôcâ¡ä´ã�à��yõ�Þßç�ÝßÙ}ä¢ÛPÚ#à�Ù�Û�ã¡ç!ã¢Ý®ÛVÙyä·ã¢æyç�ã�è�Ý®ÞßÞ�Ücà�îyä¢à&ê
ã¢æyâ¢ÛPî�ùVæ�ÛPîyã4ã¡æ�à�õyçPõqà`â�ò�� ��ã¢æyà�ç\êqç!ã¢ç�ÛVÜz÷¦à&ì�ã/ê�à�ÞßÝ®áPà&â¢à&ê
ÜPð.Üyâ´ÛVç�êyì&ç�ä¢ã´Ý�Ù�ù��Tã¡æ�àkä´Ýßÿ�àÏÛ�ëBèkæ�Ý�ìeæ.Ýßävêyà&Ù�ÛPã´à&ê#ÜVð�! �"�#!zýgÝ�Ù
õyç�ìeé�à�ã¢äeþ�ò)ó�æ�àåä¢à�ã0Û�ëqêyç!ã¡ç�ÛPÜ�÷¦à&ì'ã¡ä0ÛVÙYÜyâ¢ÛPç�êqì�ç�ä¢ã´Ý�Ù�ù�ìeæyçPÙzí
Ù�à�Þ9Ý�ä%$ çPÙyê
Ý�äÏâ´à`õyâ¢à&ä¢à&ÙVã´à`ê
ç�ä&$(')�*�,+.-/� 01-32�232�-/��45�Pò76
Ýßä
ã¢æ�àhä¢Ýßÿ�à�Û�ëöÛVÙ�àhÜyâ¢ÛPçPêyì�çPä´ã�ä¢ã¢â¢à&çPÚ ýMçUÜcì&ç�ä¢ã�þ�ç�Ùyê}Ý�ä
ì'ÛPÚ·õyîyã´à&êAç�ä869';:<! � � !)ë�ÛPâ·ç�Þ®Þ�� �>= $
ò}ó�æ�à�øVîyà&â¢ð
? � ��èkæyÝßìeæ
ÝßäñÝ�ä¢ä¡î�à&ê
ÜPð�ä¢ÛPÚ#à4Ú.ÛVÜ�ÝßÞ®àöì'ÞßÝ®à`ÙVã¢ä �yç�ì�ì�à&ä¡ä´à`ävã¡æ�àêyç!ã¡ç/ÛPÜz÷¦à`ì'ã¡ä�ÛVÙ�ã¢æ�à4Üyâ¢ÛPç�êqì�ç�ä¢ã´Ý�Ù�ùYìeæyçPÙyÙ�à&ÞBçPÙyê·ã¢æ�àöêyç�ã¢ç
ä´à&ã�ç�ì&ì'à&ä¡ä¢à&ê#ÜPð·çYøzî�à`â´ð ? � Ý�ä�ê�à`Ù�Û�ã¢à&ê�ÜVð�¹/¾�@ñý ? � þeòQó�æ�àä´à&ã4Û�ëñøzî�à`â´Ýßà&äöÝ�ä/ê�à&ÙyÛ�ã´à`ê�ÜVðBAC'D� ? + - ? 0 -�2�232�- ?*E ��ç�ÙyêF ¼T» ? ý ? ��þQÝ�ä�ã¡æ�àöâ´à�ë�à&â¢à&Ùyì�àkëgâ¢à&øzî�à&Ùqì'ð·Û!ë^ã¡æ�àöøVîyà&â¢ð ? �´ò � àîyä´àtã¢æ�àöÙ�ÛPã¢ç!ã¢Ý®ÛVÙ�G�ë�ÛVâ�ã¡æ�à4Üqâ´ÛVç�êyì&ç�ä¢ã�ä¢ìeæyà&êyî�Þßà �zê�à`Ù�Û�ã¢à&ê
ÜPðHGI'J�K� �L-M�ONP-32�2�2�-/��QR�/òAó�æ�à�êyç�ã¢ç ÛPÜ�÷¦à&ì'ã¡ä·ç�â¢à\Ù�ÛPã
â´à`õ�Þ®Ý�ì�ç�ã´à`êiÝßÙ¶çhä¢ÝßÙ�ùPÞ®à�!eÄ'Â�À&ÁeòTSVUlÄlýW� ��-MG^þ/Ý�ä7ã¡æ�à\Þ®Û�ì�ç�ã´ÝßÛPÙ
Û!ëX� ��Ý�ÙYGUçPÙyêZ�VÂVÁ¦Âcý[G\-´¿´þkÝßätã¢æ�à·êyç�ã¢ç�ÛVÜz÷¦à&ì�ã�Ý�Ù�ã¡æ�à.¿Mí�ã¢æ
Þ®Û�ì�ç�ã´ÝßÛPÙ�Ý�Ù]G�òtó�æzîyä �cÝ�Ù�ÛPã¢æ�à`âkèñÛPâ¡êyä��^�PÂVÁ¦ÂBýWG\-¢¿¦þ_')�ON7Ý�ä
ã¢æ�à\ä¢çPÚ.àHç�äJSVUlÄlýW�1NP-/G^þ`',¿�òh¾�@ñý[G^þ/Ý�äYã¡æ�àHä¢à�ã.Û!ë�êyç�ã¢ç
ã¢æyç�ãñÝ�ä�Ý�Ùyì'Þ�îyê�à`ê\ÝßÙ\ã¢æyà/ù�Ýßá�à&Ù\ä¡ìeæ�à&êyîyÞ®àaG�ò
ó�æyà�õyâ´ÛVÜ�Þßà&Ú2Û�ëÏä¡ìeæ�à&êqî�Þ®Ý�Ù�ù�è�Ý�â´à&Þ®à`ä¢ä/Üyâ¢ÛPçPêyì�çPä´ãöêyç�ã¢ç
ÝßäQã¢Û/ôcÙyê�ç/Üqâ´ÛVç�êyì&ç�ä¢ã�ä¡ìeæ�à`êyî�Þßà
G\èkæ�Ýßìeæ�Ú#Ý�Ù�Ý�Ú.Ýßÿ�à`ävã¢Û�ã¢ç�Þ

ç�ì&ì'à&ä¡äñã´Ý�Ú#à�ýVb
c
b4þ �yê�à`Ù�Û�ã¢à&ê�ÜVð
b
c�b7ýWG^þd'fe

gih�jlk
c
b�monopPý ? �L-MG^þ%q F ¼l» ? ý ? ��þo-

èkæ�à&â¢à]c�b mrnop ý ? � -/G^þ.Ý�ä�ã¢æyàhçTá�à`â¢ç�ù�àHçPì�ì�à&ä¡ä·ã´Ý�Ú.à�Û�ë4ã¡æ�àøzî�à&â¢ð ? � Üqç�ä¢à&êHÛPÙsG�ò
ó�æ�àñçPì�ì�à&ä¡ä0ã´Ý�Ú#àåÛ�ëqç�øzî�à`â´ðöÝ�ä)ê�à`õqà`Ùyê�à`ÙPãZÛPÙYã¢æ�àÏä´ã¡ç�â¢ã¦í
ÝßÙyùUã´Ý�Ú#à�Û!ëYã¡æ�àhøzî�à&â¢ð}ç�ä�ä¡æ�ÛlèkÙAÝßÙ��ZÝßùPîqâ´àt�Pò�Ø�ë �Ïë�ÛPâ
à��yç�Ú·õ�Þßà �åã¢æ�à�øzî�à`â´ð�Ý�ä�ä¡îyÜyÚ#Ý®ã¢ã´à`êAç�ã·ã¢æ�à�Ücà�ùPÝßÙyÙyÝßÙ�ùiÛ�ë
ì�îyâ¡â¢à&ÙVã !eÄ�ÂzÀ&Á��9ã¢æyà&Ù ÜqÛPã¢æ�ã¢æ�à·êyç!ã¡ç
ÛVÜz÷¦à&ì�ã¢ä �Wê��#çPÙyêhê����
ì�çPÙ¶Ücà�â´à&ã¢â¢Ý®à&á�à`êUÝ�Ù¶ÛVÙ�à !eÄ'Â�À&ÁeòÈó�æyç!ã·Ý�ä��ñã¢æ�à�Ú#à`ç�ä¡îyâ´à
Û!ë
c
bYý ? ��-/G^þYÝ�ä.Ù�ÛPã.ê�à&ã´à`â¢Ú#Ý�Ù�Ýßä¢ã´Ý�ì ��èkæ�ÝßìeæJÚ#çPé!à`äYÝßã.ê�Ý®ë�íôcì�îyÞ®ã#ã´Û ê�à�áPà�ÞßÛPõUêyç�ã¢ç�ä¢ìeæ�à`êyî�ÞßÝßÙyù�Ú#à�ã¡æ�Û�ê�ë�ÛPâ.è�Ý�â´à&Þ®à`ä¢ä
Üyâ¢ÛPç�êqì�ç�ä¢ã´Ý�Ù�ùcò
Ø¦Ù3ã¡æ�Ý�äÇèåÛVâ¢é%èñà êyà'ôcÙ�à ç+Ù�à&è Ú#à&çPä¢îyâ¢à Ùyç�Ú#à&ê
¹/¾�ý�¹öºB»`¼T½�¾�¿¦À&Á¦ÂPÃ0Ä�»lþ ë�ÛPâ³è�Ýßâ¢à�Þßà&ä¡ä Üyâ¢ÛPç�êqì�ç�ä¢ã êyç�ã¢ç
ä¢ìeæyà&êyî�ÞßÝ�Ù�ùqòQó�æ�Ý�ä�Ú#à&ç�ä¡îyâ¢à4â¢à&õqâ´à`ä´à`ÙPã¡ä�ã¡æ�à/ì'ÛVæ�à&â¢à&Ùyì�à4êyà'í
ùPâ¢à�à4Û!ëQç·øVîyà&â¢ðBû äk¹/¾�@Jç�Ùqê
Ý�äkê�à�ôcÙ�à&ê�çPäñë�Û�ÞßÞ®Ûlèkä&ò
uwv x7y�z|{3z|}\y�~��c�T«P«��l�'�,¹/¾�@ñý ? �Mþ����D�*� + -/� 0 -�2�232r-/� �\�P¸
�l�9�8� � ���.�_�z�·���c�����eÊl�!���¡�'�M����'�Z� � �l�9�>� ����+ ���i�'�'�z���!�y���GZ¸ñ�g¨��`¨5� � ���4Á �� ! � � !Z��z���¢�öÁ � ���7�_�z���!���¢�l�M�g�l��¥��¢�!�2�g���
�e���!�e���´¥�� � ���/�_�z���e���!�e���´¥X� ����+ ¨YÅ��Z�l�4�¢Íz�l�t«B�®�e¸����`�å��¤����¢�� ¸Q�_�z�/É��q�'�e���������e�����'�%�,+·�l�B���"�!¸Q�_�P�z���_�z���¢�/�!�¢�ö�M����QÎ �¡¸! � �"!Q�!�B�]! �"0 !*��! � �"!ß¨ Æ ©0���'���_�z�s�Ï�q���e���Y���e���l�B����Å#�7�kÆH�¦¥
? �4�l��G}���7�P�g°��B���
�l�r�

¹/¾�ý ? � -MG^þ�'�6 � Ì�c
�UýW� N þ
�

��v,�t�T�H~C�Ï��Êl�'�h�
É'�q���e� ? �k�l�9�·�_��.���'�z���l�y�®�e��G�+��!�B�Gl0�¸
¿ F ¹/¾�ý ? � -MG + þ%�A¹/¾�ý ? � -/G 0 þ
ÁL�q»`Ã�c�b�monop�ý ? � -/G + þ&��c�b�mrnop�ý ? � -/G 0 þ

 �¡.}}^¢M£`¤Ï�.���M�����å¥'�l�t��«��P�¡�ö�±���.�����l�M�g�l�9¨��W�����_�z�4�¡�g¥'���¢���B���¥[¦/§ ¨ �
¨^à�ãHã¢æ�à�ã´ÛPã¢ç!Þöøzî�à&â¢ð}ê�Ýßä¢ã¢çPÙyì'à�ê�à&Ù�ÛPã´à`ê£ÜVðBbt¹Y¾�ýWG^þ
Üqàiê�à�ôcÙ�à&ê;ç�ä : gih�jlk ¹/¾�ý ? � -/G^þJq F ¼l» ? ý ? � þ�òC©tÛlè2èåà
â´à`ê�à'ôBÙ�à�ã¢æ�à\õyâ¢ÛPÜ�Þßà&Ú Û!ëkä¢ìeæyà&êyî�ÞßÝ�Ù�ù�è�Ýßâ¢à�Þßà&ä¡äYÜyâ¢ÛPçPêyì�çPä´ã
êyç!ã¡ç·îyä´Ý�Ù�ù·ã¢æyàYÚ.à`ç�ä¡îyâ¢à/¹Y¾�ÜyçPä´à`ê
ÛVÙw¨)à&Ú·Ú·çª��ò
uwv x7y�z|{3z|}\y¬«D�Ï��ÊT���i�����'�k�´¥7���!�����P�|����'�_�_$ �l�B�\���'���
�¦¥�É��q�'�e�g�'�ªAY¸7�_�z��Q���¢�&���'�����P�l��� ���e���¡�!�y�§���V¤�«c�¢�V�'�®�'�³���
���.°v�9�����'�¢�`�������l���ö���'�z���l�y�®�8Gl�.�e�q�e�i�g���l�_bt¹Y¾�ýWG^�Mþ����
�.���c���.���+�l���l�z¤\������«y�T���e�_�'�®��G^�¦¸0¿a®(�P-32�2�2�¨ �
¯±° v }�¡.v,�²~�©0�z�\Q���¢�&���'�¡�����l�������e�����l�y�§���z¤H«c�¢�V�'����� ����.�_°v�c���_�g�!�Z³\����´�µÏ¬´���l�t«B�������&¨
 �¡.}}^¢M£�©��¢�!�y��¥'�l�e���l�M�g�l�ö¥��¢�!�¶¤Z«c�M�����!�"·v���B���l�åµt�e�¡�l�V¤V��¬
�·���q�dµÏ�¢�V�'����� ¥�¸�§ ¨��W�¡�Y�g���Y�¡�g¥'���¢���B��� ¥[¦M§ ¨ �

�



����� }^¡.z�{ ° � £����
	
��y����{P£Ïç�ä´à&ãñÛ�ë�êqç!ã¢çJ$ ç�ÙqêHç�ä¢à�ãÏÛ!ëQøzî�à&â¢Ýßà&äaA
� ��{����{"£ñç·Üyâ¢ÛPçPêyì�çPä´ãÏä¢ìeæyà&êyî�ÞßàaG
	)v { ° }��X£
��òÏØ¦Ù�Ýßã´Ý�ç!ÞßÞ®ðwG�Ý�ä�à&Ú·õ�ã�ðPò
��ò �VÛPâ¢ãÏã¢æ�àYøzî�à`â´Ýßà&äñÝ�Ù�ê�à&ì&â´à`ç�ä¢ÝßÙ�ù#ÛPâ¡ê�à`â F ¼T» ? ý ? ��þ�ò
�yò��qÛVâ7à`ç�ìeæUøzî�à`â´ð ? �tÝ�ÙUã¢æyà\ä¢ÛPâ¢ã´à`ê�ÛPâ¡ê�à&â �Qà��yõyçPÙyêHG
è�Ý®ã¡æ ? �QÜVð
îyä¢ÝßÙyù�ã¢æ�à��wu����������ly�� zVy ��� � � v�� �

Figure 2. Algorithm Description
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4.1. Basic Idea
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Figure 3. Queries and their QDS’s
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