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Multi-query Indexing Technique for Efficient Query
Processing on Stream Data in Sensor Networks

Lee I\/Iinsoo*, Kim Yearn Jeong”, Yoon Hyejungﬂ"r

ABSTRACT

A sensor network consists of a network of sensors that can perform computation and also communicate
with each other through wireless communication. Some important characteristics of sensor networks
are that the network should be self administered and the power efficiency should be greatly considered
due to the fact that it uses battery power. In sensor networks, when large amounts of various stream
data is produced and multiple queries need to be processed simultaneously, the power efficiency should
be maximized. This work proposes a technique to create an index on multiple monitoring queries so
that the multi-query processing performance could be increased and the memory and power could be
efficiently used. The proposed SMILE tree modifies and combines the ideas of spatial indexing techniques
such as k—d trees and R+—trees. The k-d tree can divide the dimensions at each level, while the R+-tree
improves the R-tree by dividing the space into a hierarchical manner and reduces the overlapping areas.
By applying the SMILE tree on multiple queries and using it on stream data in sensor networks, the
response time for finding an indexed query takes in some cases 50% of the time taken for a linear search
to find the query.
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LevelDimensionTree &2

CreateLevelDimensionTree()

input : value, query, current node, value_size, current_pos, attr_num

/% value: £48 FHzlo] X 2E WE query: B2 current_node : A xE, value size . YE] Alo]Z
curret_pos - A g9l Fol HE THEZ F attr num - A0 VERG A FA S/

vector left_values;, // 9% A4 k= I Wzt 94 AF

vector right values; // 2EE A == ZH g dA AR

Node temp // 94 =&

/% 7t Level o $4& A3t 7 Level $H & A «/

LevelOrder();

/* Level E2] AA =/

if tree size = 0 then // @A level dimension E&o] ¥o|
temp.value <— temp.getMedian(value); /EDTE = e AR
root <— temp,
tree_size < tree_size + 1,

end
else /2R AN 94 2
if compare_value(query, current_node.value) <= 0 then /37 x99} A9 v
if current_node.left = NULL then /84 ==9] 9% [evel dimension A =27} gle 4%
left_values.add(value); /A =9 9% Level dimension A=t 1 AF
end
if current_pos = value_size then //HE o BRE FR %k golo i
current_node.set_left(left_values); //leftvalues 3t & 7 ¢ 9% =22 419
end
else
left_values.add(value); /9% A4 == FH A=A
if current_pos = value_size then //AE et BE FH 3L Eldy
current_node <— current_node.left; /3 d4M qHEHZ
find_location{current_node, query, value, tree_size, attr_num);// ==& 4 H4& HXA 2L
end
end
end
if compare_value(query, current_node.value) >= 0 then /@A ==¢} A9 HI
if current_node.right = NULL then //9. 2% Level dimension AA=E7} g B¢
right_values.add(value); //2.8% Level dimension AxZ 3.W A&
end
if current_pos = value_size then /A ¥ ¢te] BE 34w 7k Q4R
current_node.set_right(right_values); //rightvalue 3t % FUFE 8% =22 AY
end
else
right_values.add(value); //2 &% Level dimension A4x== 58 A%
if current_pos = value_size then /98 ¢t & &1 F AR
current_node < current_node.right; /& #¥ WyH3
find_location(current_node, query, value, tree_size, attr num);// ==& Y& 9% 2
end
end
end
end

return LevelDimensionTree;

12| 12. Level dimension E2lof == &9 ¢12F
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InsertExtendedRangeTree ¢ 18]&

InsertExtendedRangeTree()
input : attr, query, root, query_id
/sattr © 44 Hlo]E] &4, query : 2], root - Level Tree9] FE, query_id - d9 ¥z

current_node < root;
while search = FALSE
if query.contains(aitr) then // @97} Al =29 £A4L8 7IA Jg o
int type < compare(query, attr, current_node.value); // 42 4] 93 2
switch(type)
case LEFT_EXTENDEDTREE_RIGHT_QUERYLIST :
if leaf then //9Z Extended Ed] =E9 QEF A9 F2Ed Ao 44
left_Extended(attr, query_id); //9% Extended E8] xXZof FA9] W3 4¢]
current_node.add_right_QueryList(query_id); //SE% A9 gl2Ed A2 ¥z ¢
search < TRUE;
end
else
current_node < current_node.left;
current_node < current_node.right;
end
break;
case RIGHT_EXTENDEDTREE:
if leaf then //QEZ Extended Ed] o Z2] A¢]
right_Extended(attr, query_id); //2. 2% Extended EE] =Zd] A query_id 4+
end
else
current_node < current_node.right;
end
break;
case LEFT_QUERYLIST_RIGHT_EXTENDEDTREE :
if leaf then /9% A9 g AEY QEZ Extended EF ko Heo] A44Y
current_node.add_left_QueryList(query_id); /9% A9 g 2Ed] A2 query_id 4]
search <— TRUE;
right_Extended(attr, query_id); //8 8% Extended ET] =Xd} A9 query_id ¥¢
end
else
current_node < current_node.left;
current_node < current_node.right;

end
break;
case LEFT_EXTENDEDTREE :
if leaf then /9% Extended E] =X F9 49
left_Extended(attr, query_id); //9Z Extended EZ =E9] A9 query_id 44
end
else
current_node < current_node.left;
end
break;
case LEFT_QUERYLIST :
if leaf then /9% A9 2B Fo 4Y

current_node.add_left_QueryList(query_id); /9% 2] g|2E9)] A9 query_id &Y
search < TRUE,
end
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else
current_node < current_node.left;

end

break;

case BOTH_EXTENDEDTREE:

if /eaf then
left_Extended(attr, query_id);
right_Extended(attr, query_id);

end

else
current_node < curyent_node.left;

end

break;
case RIGHT_QUERYLIST:

if ledf then

search < TRUE,;

current_node < current_node.left;
current_node < current_node.right;
end
end
return SMILETree

/%% extended Elof &9l 4+

current_node < current_node.right;

/(8% A Y2Eo Ao A4
current_node.add_right_QueryList(query_id); /2 &% A9 F2Ed) A9 query_id ¥4

end
else
current_node < current_node.right;
end
break;
end
end
else /A7) AT YE £40] A =T &4 9 F%

/9% Extended E&] o] A9 query_id 4%
//8. 2% Extended Ef] xZo} Z9 query_id A

a3 13. el g|AE % Extended range E2| L= ¢

Level dimension E#¢] FERNE
(top-down) 2. & Level dimension E2}9] == k3
Ao viusty wetrikrt Aol 449 WY gk
o] Level dimension Ed] =29] &4 gtRoh Zeo
H Level dimension E&] =29 ¢1Z4| Extended
range E&7} AAEY, 2AH} ZoH SEZE
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range EZ7} 918 7§l Extended range E )
=T b gle A7 A AYsEs ZY9 v
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s

s
ne
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o

BAIIg-AG HE -0 N /BN I B ™

{0 B (0@ ER2 518
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| /\ Bwwane
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SMILETreeSearch ¢1.8]&

SMILETreeSearch()
input : data, attr, current_node
// data  AM 2~EFY dolH, attr : A Level E32 %4, current_node : SMILE E#9 £E
/A A
search < FALSE;
while search = FALSE

if compare_value(data, attr, current_node.value) < 0 then /9% A2 == g

e

if current_node.left_QueryList.size() > ( then /9% Aol BAE £
System.out.printin(”result query: + current_node.left_QueryList);
if current node.left_Extended '= NULL then /8% extended Ez] &4
Extended_search(data, current_node.left _Extended),
end
end
if current_node.left = NULL then
search <— TRUE;
end
else
current_node < currend_node.left;
end
end
else if compare_value(data, attr, currend_node.value) > 0 then //23% == 23
if current_node.right_QueryList.size() > 0 then /) LEE A9 YrE 9
System.out.printin("result query: + current_node.right_QueryList);
end

if current_node.right_Extended '= NULL then

Extended_search(data, current_node.right Extended); //2 &% extended E¥ ¥4
end

if current_node.right = NULL then

search < TRUE;

end
end
else

current_node < current_node.right;
end
end
end

3% 16. SMILE E&| eta A 12|15
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