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M 1. Motivation of RNN Search 
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2. Background and Related work 
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2.2 Wireless Data Broadcast 
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2.3 On Air Index  
 

R?UV|}
`a+·9_3 back-tracking
¨[o��
u­#NT0Q´­S{|}
6g

`aÎâÊJOP#QfS6g
`a+´�5�

�
CDËQ6gÑ+�3ñV­|}#ï1+5

� ¡f}��CD
ÌÍ�ëq�6g
ÌÍ

4S+y�3ñ��LÔ/��CD��Î
g

m#4S
+QR?
CDE+��CD�|Qs 
disk þ memory 
9Ï�|�+�TQdt
Ñc

f}#ï�S{
|}ß-R?��«\
¢£�

�+neÐ23QUV|}<=Ñc��
� ¡

f¡XÔ�u­³��
��#èsM 2 R-tree 
index 
6gÌÍ- root+R1+R2#�����È

q2+yÒÓ
ÌÍ(visit sequence)-� root+N{ 
R2+ì{ R1#ï6gÌÍ���
ÌÍßàÎs

M 3(a) õQÔÕbÖ
 access latency#ï1+

branch-and-bound 
 search approach � access 
latency TUß-b�ug#67��&'-+pq

�TsM 3(b) sequentially 
ª£qÐ|} 
MBRs#NT+0�ª¡â×¨ß�3
 MBRs 
traversal+Îßâ�ìc
 index search 
performance#ès+����È q1+f} R1 -
f�
stC³#n��fS6g`a�Ø¢£�

Ù×
��>Ú+V­�u�26g`aÛ{|}

�����
��#   

 
(a) MBR structure.       (b) R-tree index 
 
M 2. A running example of R-tree index 

 

 
 
M 3. Linear access on a wireless broadcast channel. 

 
3. Design Rules for On Air Index  
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4. A New Index for On Air RNN Search. 
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4.1 Rdnn-Tree 
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M 4. Data structure of Rdnn-Tree. 

 
4.2 Jump-Rdnn Tree (Jump Rdnn-tree) 
 

¢£��zc
 On Air Index s~ 3 �õã8

9­³ initial probe waiting@­³��CD�Tx 
efficient data placement ���à#
�NOpq

stQ0���à¨Øz Rdnn-Tree# 
� ­³ initial probe waitin&²R?
i¡-_3�

î��
ª¡+[\���Û
>g#NT0ð


�¡â��ð� broadcast cycle �Ö+ÔÕòó
 
access latency [Ö#pq
i¡-+T�� sub-tree 
���ÎCD���â�g�+/ sub-tree 
��

g !Ð°g/ sub-tree�®
CD+"�CD� 
��
2(+ß-Lð� index tree g +V��

gõ�
CD#TM 4 �è+6gø;Î- B+B1+
b1+a+b+c+d+b2+e+f+g+B2+b3+h+i+b4+
j+k+l#67#3õ�
 cyclic index structure+�
� index nodeæçDFS traversal 
ÌÍ ���3

ÒÓ
 index node 
��+,-õ�
 jump pointer
sM 5 õQ+ï��� index node	� jump 
pointer+index treell jump pointer 4$%«&Á

cycle+n index search �Zdt index node��+

ß3Z root ��HI+àÑ index search ö jump 
pointer'ÍHIßâ� back-tracking 
OP# 
� ­³��CD�²sÐ®õã+pq#3 cyclic 
index structurenð� broadcast cycle ß��îdt 



��+´��¶��CD+n��CD�b�#6

7+index tree 
[\+�� index nodeF� fan-out 
� sub- treesy� fan-out � pointers(�ú�

sub-trees 
��#fS6g`aï�S{|}
�

{+MU´���~�+å- next � jump+ß)� 
jump 
*G+å- next+n next ß3��(�+

dt search tree 
 non-leaf node´3+,�� 
jump pointer ,�+-¨
 sub- tree 
 pointer	�

�¹+ìí��CD�# 
� Efficient data placemen�²query point -æçð� 
search spaced�ÊJ+�.�¼J query 
>âÎ

éêÔ�I
u­+F query È¼JY�
.��

2
��CD�g�+yð� index search 
u­

ÎYc#ï1pqæç�� sub- tree MBR õ/®

0÷ø sub-tree 
gmÌÍ+ï� MBR õ/
®0

Y¥+ÒP1.�â¼J query 
>gY1# 

 

 

 
M 5. Jump Rdnn-Tree 
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5. Performance Study 
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5.1.2 Compared Algorithms  
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5.1.3 Performance metrics 
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5.1.4 Parameters Setting 
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5.2 Performance Results 
 
5.2.1 The effect of packet size 
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M 8.  Packet size affects for uniform distribution 

 
M 9. Packet size affects for skew distribution 

 
5.2.2 The effect of data objects 
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M 10. Data objects affects for uniform distribution 

 

 
 
M 11.Data objects affects for skew distribution 

 
6. Conclusions and Future works 
 

RNN search -~�£ ����bÇ3�¦

Z
23#MN RNN search QR? disk based+
client-server 
£ `aæç�bc
de+Qf

S
6g`a]Ø��
de#1[nFo+pq

rnstQfS6g
`a�u
vw���4

	
CDTxyz�$%%����
OP#ZT\
d

epqvw�¢£ �����������U�
�y+æç0

u�y+¢£���Q6g`a���$%%�
×�

�[\ �*��_$��������#]§
«¬©¦pq
ª

¡O¯H/eÐ6�3/�� $%% 
 $���_¯���#

eÐ1�de´rn^_�� $%% 
�P+�¨p

qÎ`½®%�
�� $%%a�

 
7. Reference 
 
��� Daniel Barbara+Mobile Computing And Databases 

- A Survey+IEEE Transactions on Knowledge and 
Data Engineering+Vol. 11+No. 1+February 1999+
p.p. 108-117.�

[2] M. A. Vireda��L. S. Brakmo and W. R. 
Hamburge��Energy management on handheld 
devices, ACM Queu��Vol. ��No. 	�October 
200
�p.p. 44-52� 

[3] Rimantas Benetis�+Christian S. Jensen+Gytis 
Karciauskas and  Simonas Saltenis+ Nearest 
Neighbor and Reverse Nearest Neighbor Queries 
for Moving Objects+International Database 
Engineering and Applications Symposium+

Canada+July 17-19+2002+p.p. 44-53. 

[4] Surajit Chaudhuri and Luis Gravano+   
Evaluating top-k selection queries+Proceedings of 
the 25th IEEE International Conference on Very 
Large Data Bases+1999+p.p. 297-410. 



[5] Computer Science and Telecommunication  
Board. IT Roadmap to a Geospatial Future, the 
National Academies Press, 2003. 

[6] Gist+available on line+TUhttp://gist.cs.berkeley.edu/UT 

[7]  Antonin Guttman+R-Trees: A Dynamic Index 
Structure for Spatial Searching+Proceedings of the 
1984  ACM SIGMOD international conference 
on Management of data+1984+p.p.47-57. 

[8] T. Imielinski and S. Viswanathan and B. R. 
Badrinath+Data on Air:organization and access+
IEEE Transactions on Knowledge and Data 
Engineering+Vol. 9+No. 3+May 1997+p.p. 
353-372. 

[9] Glenn Iwerk�+Hanan Samet and Ken Smith+
Continuous K-Nearest Neighbor Queries for 
Continuously Moving Points with Update�+ 
International Conference on Very Large Data 
Bases+2003+p.p. 512-523.  

[10] George Kollio�+Dimitrios Gunopulos and 
Vassilis J. Tsotras+Nearest Neighbor Queries in a 
Mobile Environment Spatial-Temporal Database 
Managemen�+199D+p.p. 119-134. 

[11] Flip Korn and S. Muthukrishna�+Influence sets 
based on reverse nearest neighbor queries�+
Proceedings of the ACM SIGMOD International 
Conference on Management of Data+,May 
16-1�+2000�+p.p. 201-212. 

[12] Dik Lun Lee+Wang-chien Le�+Jianliang Xu and 
Baihua Zhen&+Data Management in location 
dependent services+IEEE Pervasive Computin&+
Vol. �+No. �+September 200�+p.p. 65-72.  

[13] Nick Roussopoulos+Stephen Kelle¸+Fr'ed'eric 
Vincen�+Nearest neighbor queries+Proceedings of 
ACM SIGMOD International Conference on 
Management of  Dat�+June 199
+p.p. 71-79. 

[14] Sheldon Ros�+Introduction to Probability and 
Statistics for Engineers and Scientist�+2000.   

[15] Ioana Stanoi�+Divyakant Agrawal+Amr El 
Abbad�+Reverse Nearest Neighbor Queries for 
Dynamic Database�+ACM SIGMOD Workshop 
on Research Issues in Data Mining and 
Knowledge Discover¸+200Æ+p.p.44-53.   

[16] Amit Sing'+Hakan Ferhatosmanoglu and Ali 
Saman Tosu�+High Dimensional Reverse Nearest 
Neighbor Querie�+Proceedings of the 20th 
International Conference on Information and 
Knowledge Management, New Orleans, LA, 
USA,2003,p.p.91-98. 

[17] Zhexuan Song and Nick Roussopoulos, 
K-Nearest Neighbor Search for Moving Query 
Point, Proceedings of 7th International Symposium 
on Advances in Spatial and Temporal Databases, 
LNCS2121, Redondo Beach, CA, USA, July 

12-15,2001,p.p. 79-96. 

[18] Yufei Tao and Dimitris Papadias and Qiongmao 
Shen, “Continuous Nearest Neighbor Search", 
International Conference on Very Large Data 
Bases,Hong Kong China,August 20-23,p.p. 
279-290. 

[19] Yufei Tao and Dimitris Papadias and Xiang 
Lian ,"Reverse kNN Search in Arbitrary 
Dimensionality", Proceedings of 30th Very Large 
Data Bases, Toronto, Canada, August 
29-September 3, 2004, p.p.279-290.  

[20] Jianliang Xu and Wang-Chien Lee and Xueyan 
Tang ,"Exponential Index: A Parameterized 
Distributed Indexing Scheme for Data on Air., 
"Proceedings of the 2nd ACM/USENIX 
International Conference on Mobile Systems, 
Applications, and Services , Boston, MA, June 
2004,p.p. 153-164. 

[21] Jianliang Xu and Baihua Zheng and 
Wang-Chien Lee and and Dik Lun Lee","Energy 
efficient index for energy query 
location-dependent data in mobile environments", 
In Proceedings of the 19th IEEE International 
Conference on Data Engineering, Bangalore, India 
March 2003, p.p. 239-250. 

[22] Congjun Yang and King-Ip Lin, "An index 
structure for efficient reverse nearest neighbor 
queries", Proceedings of the 17th International 
Conference on Data Engineering,2001,p.p. 
485-492. 

[23] Baihua Zheng and Wang-Chien Lee and Dik 
Lun Lee, "Search K Nearest Neighbors on Air", 
Proceedings of the 4th International Conference on 
Mobile Data Management, Melbourne, Australia 
January 2003,p.p. 181-195. 

[24] Jun Zhang and Manli Zhu and Dimitris Papadias 
and Yufei Tao and Dik Lun Lee, "Location-based 
Spatial Queries",Proceedings of the 2003 ACM 
SIGMOD international conference on 
Management of data, San Diego, California, USA , 
June 9-12 2003,p.p. 443-454. 

[25] Ming-Syan Chen and Philip S. Yu and Kun 
Lung Wu�Optimizing index allocation for 
sequential data broadcasting in wireless mobile 
computing�IEEE Transactions on Knowledge and 
Data Engineering�Vol. 15�No. 1,January-February 
2003,�p.p. 161-173. 

[26] Jianting Zheng and Le Gruenwald�Prioritized 
Sequencing for Efficient Query on Broadcast 
Geographical Information in Mobile Computing, 
ACM GIS�2002,p.p.88-93. 

[27] Quinglong Hu and Wang-Chien Lee and Dik 
Lun Lee+"Index Techniques for Power 
Management in Multi-Attribute Data Broadcast"+
Mobile Networks and Applications+Vo. 6,No. 
2,2001,p.p.185-197. 


