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Abstract

Nearest-neighbor searches are essential operations in various applications such as multimedia
systems and GIS systems. Although numbers of research works for nearest-neighbor search have been
proposed, they have a limitation on the performance since they process queries on the fly with indexes
on data. This paper proposes a new nearest-neighbor search algorithm based on a grid-based data
structure, which preprocesses and stores the result of nearest—neighbor queries using Voronoi diagrams
over static data. While traditional techniques try to index data itself, the proposed technique attempts
to index the result of the queries. Therefore, it performs nearest—neighbor queries more efficiently.
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2.1 Voronoi clojo{ 124
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o] doJed] thgk Voronoi thele]la#(4)E o83k},
Voronoi tholo]13ol] thgt el= thaat et

el 1. Voronoi A, Voronoi Thelo]1#
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o thgt 27k m <l Voronoi A, VoronoiCell,, (A) & T
3} o] Hejdrt.

VoronoiCell (A) =

m
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m
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F7} 191 Voronoi A2 7P 77 Aol 2 BE A9 J
oz, 2A47F 191 Voronoi theloja@e A7k 191
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(32| 2-1) Voronoi Cloloi124o] o
(Figure 2-1> An example of Voronoi diagram
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7TE< ARFITE VDGrid 71eld #25 A4 a7t ==
Voronoi Hlelol13e Falo] ol mlg] sl o] Ax
(grid) 2 AstaL, o] FRE o] §aie] H2H S Tk

71gelet. VDGrid 719l 5737 224 249 ti7d vloleet
HZH A e et 2ol AlgkEnh
« A2 vlolE | FHE AR Bddjeiof SRR 13t
dollde vF B2 Jie] At Zasitt webA
VDGrid 712 Axe] HolHE thdez gt &
=i s AR 7R E 2219 HlolElE i
o2 3o} AA 71 Akt AR, 2 =7l



14

Eﬁ! 74 E:H ]:Eélid—‘El ulﬂl)(wu (2008 1)

* *

©D 100K EHoll 215k
Voronoi CHO 104124
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(3l 3-1) Voronoi Cloloiaznt MBR-2AF 718, VDGrid 7184
(Figure 3-1 Voronoi Diagram, MBR-Approximation, and VDGrid)
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VDGride] 2t Azke shte] ==l 74}, VDGrid
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structure Node {
NumOfEntry n:
Entry data(MAX ENTRYJ:

dEg ABTZR

structure Entry {
Point p
ObjectID oid
Bit-Signature BITSIG

}

(38 3-2) -=o) oleRle| KgTx
(Figure 3-2 Data structures for a node and an entry)

g 3-2)9 2},

el e AAE Avs= Voronoi Aol gk K
£ A5 At shte] kE= she] t2T H|o]A] o) A
elojokgitt, 1elnR dEe] el ik nlE] A
et 3hte] dEeE 3] Voronoi Al tiek JRE A
UAl €}, dEzZ]E Voronoi A2 Al E(H) 9] X173 Eet
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Bit-Signature® 7€t} 22149] ¢ drkdoz A o
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o|A¢] 7|7} AKBEHA shtel =t 29279 AEZS 7}
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Voronoi 9] & dle|ele} A4 IDTre.Z g 4
A= =AY, F o ZEARl dudF: *é% 9J8ted
Bit-Signaturegle ¥714¢1 HRE dEZ]] F716liT)
AA| she] Az Well 2] 7€) Voronoi Ae] AWiitt st
Bz, 7} Voronol A& M2 HA= Jdo] gleez iy
9] Voronoi A& ZAxke] dR-Eake AU €}, o g
A2 91319 Voronoi Ao] Aol ojufdt BEL A= %]
£ AAslo] & Aol Bit-Signatureclth. <& 0], 234
<] dloJefel tialiA Bit-Signature® 28l E AHE-3ttal 3}
Z} 181‘34 Bit-Signature® 16H]EC|ER dhie] ZAzE

(4 x4) 02 B 4 vk (13 3-3)F o] she]

0|12/3
4|56 7
- —  BITSIG: 1111 1110 10000000
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(32! 3-3) Bit-Signature2| of
(Figure 3-3 An example of a bit-signature)
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Procedure BulldvVDGrid(PointsData) |

VoronoiDiagram <— ComputeVoronoiDiagram(PointsData);
For each VoronoiCell in VoronoiDiagram {
MBR < GetMBR(VoronoiCell);
For each Grid in MBR
If (Overlap(VoronoiCell,Grid)) {
Write VoronoiCell to GridNode(Grid);

/| Voronoi thojo] el A4k

eMER} Bag A%,
: I emE=S A2l

(32l 3-4) VDGrid M 2z
(Figure 3-4 Algorithm for creating a VDGrid)
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(O 3-5) 2eHE22 X2
(Figure 3-5 handling overflows)
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E7b & 73 olef Wiof Be) WAle] Aed F= Ut 5 g r)a3 H2 4 weA] 4,3 oldtelnz Hay 2
A2 AAe 1 S ERS o i B Bk d o1o) 2 A7ke] Hu) A wle] Bl -
= O

o] ¥} MBR-24} 7Y% 2
o Aok s an ol HolHE A4 AL
wlst 2} sle] Qel® Hole AukEel Voronol A%
MBR= 24}ee] Eeld] A4alol sz AA)e delo] &

Procedure NNsearchVDGrid (QueryPoint) {
CandidateSet < &,
GridID < GetGridID(QueryPoint);
Node < ReadNode (GetNodelD(GridID) ) :
while (TRUE) {
CandidateSet <— CandidateSet U ReadData(Node) ;

if (HaveOverflowLink(Node)) Node <— ReadNextNode (Node) :

else break:
}
retum FindNearestNeighbor (CandidateSet) ;

(32! 3-6) VDGrid =

x| 7-|A

(Figure 3-6 Algorithm for searching nearest-| nelghbor in VDGridy
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2.2 Voronoi tlelojz#

oF A%, 5% Aell 3H% = Voronoi A& 1
15t Aol Aoz w AN 4= it} o F
319 (a)¢ 2 AgelA] Ade] AdE™ (2™ 3-7)

Ol o|E{ 9 X|—?—J

ek, ke,
o~ °

T MBRE Rtree  ga4 dojo) Sepzie] o¢- $03 S84 VDGrid
S ARE BT 5 ek

dlofefe]l A ghsiA|gt,

(12)0] |

=0 (2
Voronoi tholojz@lo] AR o] TadlS
H)wslo] B A%9] Voronoi A2 o]%3l= 1, 2, 3, 4, 5
Aol gl Voronoi AW HAE AL & 5 U
9l Voronoi thelola@e ks Akt 4= 9t}
Mg et A A4 AR Ak 39 T A yoronoi A VDGridel Aeleh 1.2, 3. 4
o aela, A AR Hi eHERS w5 A s 3= Voronoi A% VDGridellA W7dshd dc}. 3
Al Hi A AE =T $ k. ages,
VDGridﬂ 7:‘0 U]E] —Q—H']’g‘i‘?‘g] ﬁﬁa 7H-}1\*§— n7H 0]8]— 24 7—“}1_04
7 HES Aol A48 Qusl] VDGrid H2E A8F 23 A4l Fu47h 12 Rl meb, ad) ARt

3717} 291 Voronoi Adl| tigk W3S FAslt =

A3 U BA Fo15A e goln 2




18 B 2 e SHocEE(2008. 1))

(@) AR &Il 01X
Voronoi CHO |01)2H

(o) AE &2 O1=2]

Voronoi CHO [01)2H

(©) DIE I 2| Eoto=z
HixhkSHoronoi CHO 10124

(a3 3-7) AX Aol = Voronoi Clolojazie] of
(Figure 3-7 An example of a voronoi diagram after inserting point A
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(Figure 4-1) Execution time for nearest-neighbor search
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