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Abstract

With the rapid development of technologies related to Ubiquitous Sensor Network (USN),
sensors are being utilized in various application areas. In general, the data sensed by each
sensor node on ubiquitous sensor networks are stored into the central server for efficient
search. Because update is delayed to reduce the cost of update in this environment,
uncertain data can be stored in the central server. In addition, Uncertain data make query
processing produce wrong results in the central server.

Thus, this paper examines how to process uncertain data in ubiquitous sensor networks
and suggests a new index for efficient processing of uncertain data. The index reduces the
cost of update by delaying update in uncertainty areas. Uncertainty areas are areas where
uncertain data are likely to exist. In addition, it solves the problem of low accuracy in search

n =2F 4 1 2006.10.24 m AARRHE 1 2006.12.18
*  MAMXX ZAIChetn HREIER L2 u$ (dokim@db.konkuk.ac.kr)
»  HICYSID cfstd HFEIZ S ALY (khhang@db.konkuk.ac .kr)
Icysty Ol HEEIZEDR 2ARPY (dshong@db . konkuk.ac.kr)

KKK _g_'ﬁ
*xk 1RLOEN HFEHIES 24 (kihan@db.konkuk.ac.kr)

I



118 MRITYBAIAHSIS|=X] | H8A 3= 2006.12

resulting from update delay by delaying update on'ly for specific update areas. Lastly, we
analyze the performance of the index and prove the superiority of its performance by

comparing its performance evaluation.
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At

TNODE MBR
TNODE * parentPt double LBX int id
int nCount doutile LBY UBB * objPt -
int levet double RTX
MBR mbr doutle RTY

‘MNODE LNODE [V:3]
TNODE + nodel} JUBB * obj(] Jint id

TNODE * nodePt
<13 4> UR-Tree =9 X8 X
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ALGORITHM : Insert{ ID id, DOUBLE x, DOUBLE y)
BEGIN
1 JF( SECONDARY INDEX have a i)
RETURN ERROR
END IF
UBB wbb < MakeUBB( i, x, v)
TNODE cnode < FindLeaf( node, ubb)
IF( cnode.nCount equal NODEORDER )
Split ( crode, ubb )
ELSE
7 insert wbb in cnode
END IF
END
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= A%, MakeUBB(idx,v) 8+8 3&5}d
ubbE MAstC}. t}E FindLeaf(node,ubb) &

T8 &5 HE uolEly 4d#EE EnY
= == AANSY cnodeol &S} n0f
AH2E, cnoded A4 XEJ ZIE EQ
ol AHA9 A+ NODEORDERSF ZTHH
Split(cnode,ubb} B+ FTEd AE =28
BE&3l1, 2X YA cnodedl ubbE F718MC}

J8 o1 O 72 44 A4AE HolETh
QJEE EFY TZ = AME 9
FindLeaf(node,ubb) 849} a8 =9 A4
ho HERRV HAE 2R REE B
85171 28t Split(node,ubb) 84+E Ho &}

ALGORITHM : FindLeaf( TNODE node, UBB ubb )

BEGIN
1 TNODE rnode < root node of UBR-tree
2 WHILE ( nodeisn't leaf node )
3 TNODE #rode « find child node which contain ubb, in node
4 IF ( trodeis NULL )
5 FOR EACH child node cA#d of node
6 MBR newmbr < ubb + child.mbr
7 IF( newmebris minimum )
8 tnode <« child
END IF
END FOR
END IF
g IF( tnode is leaf node )
10: RETURN {nade
END IF
11: node « fnode
END WHILE
END

<18 6> FindlLeaf &4

ALGORITHM : Split{ TNODE node, UBB ubb )

BEGIN
TNODE basenode
insert all child object of node and vbb to basenode
sort basenode
TNODE node!, node?
INTEGER /=0
WHILE( / <= basenode.nCount}
IF( / < NODEORDER/2 )
insert basenodeli] to nodel
ELSE
insert basenodefil to node?
END IF
10: e
END WHILE
11 delete node from node.parentPt
12: insert nodel,nodelto node.parentFt
END

XRHRA R RN

©
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8 60lA EX0] FindLeaf(node,ubb) 3}
+9 =¥ g o33 &t WA, UR-
TreeQ] FE L=IEE noded @& .}
nodeZ} B1Z =9 wi7lA] WHILE T+8&
dHESitt. WHILE 789 =8 mE2 tusS1
Zr} WA, noded XA == FSoA ubbE
EZ&88= =5 E tnoded] EEEICE O tnode
7} NULLoIZthH, & X4 &= ZHolA ubbE
EZoste =71 EXMGIA F=UHH, noded)
EE A4 & JAA childmbrdl ubbE H
8t newmbro]l F4Q I} =EF tnodeol| &
Zech, MXIESE, tnode’t BZ LE=olH
tnodeE UIEMEIAl, ¥ A EL2W tnodeS
nodedl EE5l1 WHILE £Z& 8%}

I8 7oA HEEO| Split(node,ubb) &9
38 WP 123 2ol WA, basenodeE
MAEGIA, noded ZE A4 AR ubbE
€3l = JEsith. oS, 2g8E Ef =9
nodeli} node2E MATH & basenoded THSE
B NODEORDER/2A7IX]Q] A}A4 =EE nodel
ol Y&, 1 olFY A =+ node2ol ¢
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A B nodelilt node22 Q&ESIC]
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UR-Treedl A= d4HE HOEZ A 4
2 HOUX gAs dRd= A"z FAol
oLl Fe=rnh a3u, dAE BlolE g 4
A g9 e Hold dol= UBBZH ATEH
I, UBB7} @€l4 x=9] MBRE Hoid &
2o A A7t MFdEnh. O8 82 UR-
TreeQ AY AUBFEE HAET I8 8AlA
B0l A4 @1g)EE Search(id) 8+E o
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211 A& Pk 9] MBRo] BE :=Z9] MBRo
ZEE=XE dAkel, Z8E s 2F ubbtt 4
Ak, oA g= 29 8 =58 AAl =
Aok WEE S AMAYS

3.24 AA SIBE

UR-Treedl 9] 4tAl= 58 ololtjo] &
HOlEtE AtA|ste 2ol ArESEn. O8 9
UR-Tree9 Ald Q1IEE HoZoh 1
oA REo] &F EuBEL Search(id) &
£ o|8sld dF otojtle =8 ZJAs
o O8I dE =8Y BR TTAA 8

A8 =8 BE k=

rou

]

o orr

. O] W}EE mbr

1€

AAE ZU, Wl HARYrE
%
9] T mbro] HAY

ALGORITHM : Update( ID id, DOUBLE x, DOUBLE y)
BEGIN
1: TNODE /eaf « Search( id')
2 IF( UPDATEAREA of feaf contain xand )
RETURN // update is not need
ELSE
UBB ubb < MakeUBB( id, x, v)
MBR newmeér < add wbb 1o leaf.mbr
IF( teaf.parentPt. mbr cortain feaf.mbrand newmbr)
feaf.mbr < newmbr
ELSE
Delete( jio')
g Insert( 7, x, )
END IF
END IF
END

@

N O da s

®

<3d 8> AN Lne|F

ALGORITHM : Delete( ID id)
BEGIN
TNODE /feaf « Search( id')
delete /eafin feaf.parent
I\F( /eaf.parent.mbr don't change }
RETURN
ELSE
5 leaf.parent.mbrupdate until node.parent.mbr don't change
END IF
END

Bwn 2

<J8 9> AN L1DF

3.25 A4 218l

UR-Treex= oOtO|T] 7IEF Hay =2 7]
v Zdag XYt 9 J|E gae
may/must ZI99EE AMSE &+ QUot. O8 10
2 UR-Treed] otolt] 7t A4 ANBIES
Hol &

ALGORITHM : Search( ID id)
BEGIN
1 SINODE sinode « search SECONDARY INDEX to find a SINODE with id
2 IF{ sinodeis NULL )

3 RETRUN NULL
ELSE
& UBB ubb « sinode.objpt
B RETURN wbb.nodept
END IF

END
<28 10> ofo|C] I HA A F

J8 10014 EE0] ololr] 718 AN &y
Bl AE BEX QELE o|&3ld dB idE
I EX A8 £29 =8 AAEY sinode
ol &8 gt} g, A4 € sinodeZt NULL
g AR, = A8 id7t EMEIA EE FF
NULLE tHesta, 248 sinodeZt NULLO]
ofd Z2 sinode.objptE ubbol EFd F,
ubbE EZEEE UR-Treed TE xIZ=9Q
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ALGORITHM : Search_Window( MBR window, TNODE noctke, Siring Keyword')

BEGIN
resulf — @
IF( window contain node.mbr)

add object of all leaf node in node to reswit
ELSE IF( window overlap node.mbr) // Search Subtrees

IF( child is leaf node )

IF(( keyword is "MAY") AND ( window contain chid.mbr))

1
2
3
4: FOR EACH child node chid of node
5
6
7

add object in chitd to resuit

END IF

© X

END IF
ELSE

IF(( keyword is "MUST") AND { window overlap child.mbr))
add object in chitd to resuit

10: Search.Window( window, child, keyword )

END IF
END FOR
END IF
11 RETURN resw/t
END
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e
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