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ABSTRACT

Approximate k—nearest neighbor queries are frequently occurred for finding the k nearest
neighbors to a given query point in spatial database systems, The number of searched nodes in
an index must be minimized in order to increase the performance of approximate k nearest
neighbor queries,

In this paper, we suggest the technique of approximate k nearest neighbor queries on R—tree
family by improving the existing algorithm and evaluate the performance of the proposed
method in dynamic spatial database environments,

The simulation results show that a proposed method always has a low number of disk access
irrespective of object distribution, size of nearest neighbor queries and approximation rates as

compared with an existing method.

1, HE
F2o AR MHIAES th T tolg ojgist F7b dlofgulo]A AlARleAE Fo
Hlo] A AIAFE Z|gke g skal Qi) Z oA 7 213 k(=D AAE 2=
k- 2 A7t A WAIETH3,4,5,6,7,8].
1) MER : Muisln AFE WRESMED Zus =2AAL 2003, 3,17

2) 3 . SMhED HHEED Hae A= 1 2003, 4. 29



444  BETFE EEEEEE WMOGEE 2003, 4, Vol 4., No, 4, April

I FHZF: ol glo] AR k- 24
ANE A7) Yalide it @ BxrogA|
FEE 3 W& A= Azto] a7Hc}

o 2 Foe] Aeuig-s HHsisiy] sl
A AN HAEE k2O £8 AT 4
Qlofof st} olZ el X oA Aejel AHeA|
Aol HEE wrTgo] B MPEHZF 9
R &40l ofgt HaAE &=l HHHAAA
Alt=licHi], HEPNAEE Hor|Ro 2y
A = RHMFTEC] HIEA] 2AEs A
oA 2ol Ao, o) 23 Hele] HgAl
Zorizel 5o TAglo] Aleld HAME
EEE H3s] deslr] 3t daAE Szolr

B =FolMe 539 37 diojedjolx 2
oA R-Eg] f¥9| AATZE o83t ZA} k-
Hd o 29 AHEhEE AR 1 AsS
Hrrsth ARFE e EgaA o5t
A 23 2ol HNepe I3RS Aea B¢
ZHY(branch and bound)7|HE ©]83le] ARl
A Zdojxzo] mE Haug-g HasE 5 ok

)
o

a7

Al olgst WML ) 23
Aol NS Sl AT 712 2ol
7R e BARES siEs AE: daAY &
=9l e 9 AHAA—E BYsisinh
NA AAZ2rellA dol7lE Qe HFAA
Z}(minimum bounding rectangle: M)Ao]<]
7 7k AR EFgElAAE](eXtended
MINimum DISTance: XMINDIST)+ tha3} rt,

N
XMINDIST(Q, M) = 2 | Q,—M;|*

of7]of| A
Qi Qu> My My, Qui < My,
Q- Qu. Qui< My M My, Qu > My
0, otherwise 0, otherwise.
(Qu.e. @ Aol A& E,

Moy, A2AANZR ) Azt B)

JoJE XMINDISTE FH2ZBANZE Mol =
FEo] e BHATE FolA o7l Qo
7V 2 e AA Be REAEE AR
37 1 Aol

&g A e (the Optimized MINimum value
of all DiSTances: OMINDIST)&= NX[d #AAT
WdolH A71E QRREH HaAZANARE M
TS Qoje) NHUE U 5 9 A
£ 3 HaAeloln thaT 2T

Tt Qo Mol HAew

OMINDIST(Q, M) =

N P LR R P EY VAR
1<k<N
Qo= M1+ 2 lQremnl D),
1< kSN
(o= Mr12+ 2, 1Q=mr)?)
1<k<N
o710l
. (Qu+eu) (M i+ My)
o, = {QL,, if ‘ 2 > 3
Q uis otherwise
QL;, if (QLk+QL7k) < (Ml,k+MUk)
= ’ 2 - 2
Q7 { [ otherwise
. Qi+ Qu) (M i+ M)
o = { Qe if 2 = 2
Q yis otherwise
0 i (Q 1+ Q ) > (Mt M )
Q, = { Lk 2 2
Q vr» otherwise
. (QL,’+QU,') (ML1+MU1')
my; = {Mu, i 2 = 2
My, otherwise
o (Qu+Qu) (M o+ M)
P T I
My, otherwise.
a3 ey
OMINDIST(Q,M) =
(S Qa7 2 Q1)
1<k<N
(| gri— Mri1?2+ z'gk | Qri—mr,| %)
1<k<N
oJ7]of1 A
Ql.x’ QL! 2 MU!
qr; = QU{v QUz = Ml,x
otherwise



7 HoleHlol s AL’ ZAF k-HoZH A APy 445

Q i (QL,'+Qu,) < (ML:+MU1)
Q, = { Lis 2 2

Qi otherwise

Qu i (Q et @ uw) > (Mt M)

= - 2 2

& { Q i otherwise -

" i (@u+Qu) < M+ M)
mr; = { b 2 2

M, otherwise

M if (Qu,"’QUk) > (MLk+MUk)
Mg = (Mo :

My, otherwise

OMINDISTE: Do71& QENE Ha7A
3 Mol e FANT] TE AR Ex
AAFIEC] HolE b WrEA] EAPN
2o} 7zloltt,

AHZAAAE o83 WlIolAE OMIN-
DISTS #8eo=A Pl XA Fsolof ot
£ nEg Ao AYY 4 e Aesae
B, ol AQlo|q WHEEIE A so 47} 2
ABE UEpl) mhEe] WolHelo] mE ulg
< Hrsgke B,

(O

3. A k-4 23 A9 APy

24 Y Arae Fojal sge] 97w
A gbe B4l Foid 2AH(approximate
rate) & B ORES FeFoRK WolHe A4
5& £U 4 9 WHelth 53] dloleh Xjele]
ool wet Aelele] WE s o] e
SEARA Uerdehe],

b Rl ket ol Helsls Fojd
AR TNeR sol A k-2 24
o) el A & 9 oJulis Aelofd Yo
AUOR B & UE k VAR R AR
%o} Azlol (L+e )& B8 Adolhe] AAS
o4 ke 7 ke ARE Aeie) Aue
Bkt Zloltt

(5ol 1] k-HH2H AR BAA 2AREe (e
> 0,02 thewh gtk

distance(Q, O)
distance(Q, O,)

of7]ellA
Q @ A7|E,
0 @ A HA| AutE wighE A,
0, Ad] AAo| gt kA HAIHAA
]

< (l+¢

Bl olg3jo] FoT o] TjEoRRE 7}
% 7k e 24 Ade Adsks 9
XMINDIST®} OMINDIST®] o]z} o} =AUt
e 7L WA £ sk olg 9% Aol
T MAAANLES BE BAHE FolM HY
¥ AN A HAethe MAXimum
DISTance value of all distances: MAXDIST)&
ARERIT}, MAXDISTE ARG 22X AL k-3
o 24 el A2l AolA Hol whe] 2
AE st UES e £5 sl »

Ut

(Fel 2] NxHd ANFOIA A7l Q9
HaFANTE M AR
MAXDISTS that 2o] gejatc,
MAXDIST(Q,M) =

1:?21\7 Clary= Mry 17+ igk | @r,—Mr, %),
1<k<N
Cla—Mr1®+ By 10 1)
1<k<N
o 71oll A
{QL,, if (QL;QU:) S (M,_,;MU,)
ar; = ‘
Qi otherwise
,{Qup if (QLk;Q“'k) < (ML/«;MM)
Qr, = '
Q i otherwise
_ [Ql‘x- if (Q"’;QU') > (Ml,l;Ml")
“ Qi otherwise
g (@t Qu) M+ My
Q, = {Ql.k- if 3 > -

Q ure otherwise



446  EHRHFE EEHESE HEE 2003, 4, Vol 4., No, 4, April

(QrtQu) > (Mt M)
2 2

M4, if

Mr, = {
N My, otherwise.

|

(28 11& AoJ7|& QEHEl XMINDISTZ} 7h
% 2 A27AAZE Mo tfat MAXDISTS
7NZ02 the YREYYIN =SB Ao
ofolct. k-t 2 24H|e] FMA] MAXDISTS)
Age shtel HaAANZRe s BE
AR E= RANIZIER HlEs} s A
o] PR wEo] $8 Hasja 4 Yk

/ «—— MAXDIST
. s XMINDIST
- «---~ OMINDIST

[2& 1] E 28] MAXDISTS] o
[Fig. 11 Example of MAXDIST
S Mol FMBH: B WEY Bast

Sl =58 WENIA ALs] fside
t

APL: HoplE QEFE kHNE Z-2O0MIN-
DIST(Q M) AZE Zte LAY Mol o
3] OMINDIST(Q,M')/(1+e )2t} & XMINDIST
QM) AZE 7= HaFANZEE Mo Fdet
£ E= vhE A lA Aot

AP2 @ Ar|E QERH k¥HAR 2R
OMINDIST(Q,M) HA=E = HAFAANLH
Mo thdle] OMINDIST(Q,M)/(1+¢ ) Et} AlA
7|2] distance(@,0)7} & & 7 0% AU
A ciidollA ALjgict,

AP3 @ Ao7|E QEREE A7 ddd k¥
AZ 717k WA 09 AA| Az distance(@,0)
of sl  distance(Q,0)/(1+e )HT}t &
XMINDIST(Q,M) AZlg 2= LAY M
2 FA oA ALzttt

AP4 : 9o} HAAAAZE ML,M2,.. M7t
khole] S Tedlii<k) riE Q=R

HE 7 & MAXDISTE Zh= Mio] ojgh
MAXDIST(Q,Mi) 72Kt} Z XMINDIST(Q,M)
AE 2= ALFANGE M2 i FYgA
oflA} A <jEct,

[2" 2] Mo Mok ZAF ZMO| ofl(k=2, alc)
[Fig. 2] Absolute searching and approximate
searching

[1F 2]+ k=292 7% Fdi@Na AR
g yebd Aolch HdiFddel AL ArE
QEHE XMINDISTZ} kdigz e M29
OMINDISTE 7|&22 FAMYYT FA= FA4b
AT M1, M2, M3Z HAMSHA =t} uet
A AdigMel Zi= Mato] "o 1y ZAb
AMO] 9= XMINDIST7} 2k M2 247
AxE M1zt M2E WA AAste] AoriE Q
2HE #4712 dAE 7P 7ke kA Ja
BAAXNZE  M217EA ) AT ot M37RA|9
XMINDIST A& bE wvj@dl} 181 ¢/b <
(1+e )& U= oA AANZE M3E HMsH
2] gk Ao)AE M31Th4l M2t AHESich

4. 43 9 4% %71

o] Aollde= HAEE Tl AltE ZAF k-3
o 24 2 A dsS ta3 F2 R
o wet Hrpgich A¥elMe R*-E=|[2]
A 7HMA2] OMINDISTS} FjAMA2] MIN-
MAXDIST] o3t k-3t 23 29f A L
5 A8 ¥ oo mE AFAT| 23 I 4
TS H7Rith

o= o2 FUFTA FEEHA &
I FUsHA Bazsh= 30,000702) A4E AAE




37t dlojeilol A AlARloA ZAL k-2 Eole] A2 447

Agston, AASe 2ol A AMTE
1.0%, 0,001%%] A2 mstar}.

2100

—o— OMINDIST
2000 —v— MINMAXDIST
1900

1800 -

1700,

1600

1500

1400

1300

1200
1100

No. of Disk Access

(21 L5 010 0

Approximate Rate

[O8 3] 2AE mE A3 M2 3%
(Hela7] 1.0%)
[Fig. 3] The number of disk accessed vs.
an approximate rate(query size 1.0%)

(19 3] AHES2 =7|7} 0.001%0]2 2]
TR 717} 1.0%Y W ZAREO e
23 F2 Red vehd FHelnh, a-elME 2
AHgo] 71l wel OMINDISTY] 2j3t i
HEoo] A A9 dAT vaa H =5
Hojuj MINMAXDISTo] o3t Ho|l2gdelel 3
glo] vjg) ¥ taa H2 345 yehic

97000 —o— OMINDIST
36500 —v— MINMAXDIST

No. of Disk Access

00
000 002 0.05 010 0.20
Approximate Rate

(28 4], ZAEd OE a3 28
(Z2l37| 0.001%)

[Fig. 4] The number of disk access vs.

an approximate rate(query size 0.001%)

(28 41& ANEY F7)17F Lowoln 2
Adele] A7 0.001%Y ©f OMINDISTS}
MIN- MASDIST®] ZALge] WE Az Ha
35 vehd Fleojrt 2gollAl= OMINDISTO
ofgt ’él.—lzial WHol ZARgo]l F7igel wet
MIN- MAXDISTo| ¢j3t whiurt tjaz go
3157t AxpAH o2 dolx|= AFS Hlh

(17 317 [’ 4]oA9b o] OMINDIST|
ojst Aojxe] uhHo] MINMAXDISTY| 2J3t &
ol4z] Wkt g4 R gad HE SeE
Holxl 53] &Aoo Ar7} ol S A= 4

9 o7} vg ARG & 4 ek

44000 —o— OMINDIST
o —o— MINMAXDIST
0
@
Q
o
P-4
E 3
2
(=]
-
©
g
z
[28 5]

S
[Fig. 5] The number of disk access vs,
the number of nearest neighbor object

(29 s5l= AAEY Z7|17F 1.0% oln o
273 Ao 377} 0.001%, TAREe] 0,02 U
Hd ZH AAY 4 kol WE dazm HE 3l
£ vepd Aojtt, Il kgto] kg w
2t t23 FHT 35t AR UM Boly,
OMINDISTS} MINMAXDISTS] Ad%5-2] z}o]7t o
AAE EQlh o= ARloA FMdiAte] ==
=90 AgA] OMINDISTo|| oJgt o] MIN-
MAXDISTOl| o3t HPiEct ohg HadiAdellA]
AelEs ==Eo] o B7| wield,

HEE Addale] osiy AAEe BE X
off glolx Ao} Fr|7t 2 AAES] A7t
2 © OMINDISTE o83t e Hwio]
MINMAXDISTE ©}g3t Zolxja] Wyrrt oA
A A R, AR WA B w2 4
5= YEhich

5, A&

83

o A

ZF HolEulo] s AlARA] k—ZT)
e Zojo] e g2 taa ¥



448  BWEIHTE EXEHESE HOGE

3 AoHAZS et E3E glofele xjdo]
F71ekel wel HAmigo] 34 S7K 4= ok

B =RoMe F dojguo]a AlxEA
ZAF k-Hd 2 S FgFo= A
3 deES ARk AE daelEe
Ao Hoj= k7o) ARE HAst W2
287} gl =5 HE3] AAS] A3 HhA
2] MAXDISTE o|§3ttt wehd ZAF k-~
o A9 HA| faza F et DA A
& Faslst 4= 9,

Adof s A k-3 24 Heoof A 4
52 AR HUIEREAA ol w oA
A 3ot AAAEE vla Hrpskch A
d dolelR s FUEEE ojf: A ANE
olg3lirt. AAT | &JshH OMINDISTE ©
|3 AL k-3 2 de)9) A AAlY &
Zge], AAe =] TAGlO] A ¥ tx
3 J& +E Bt B3 4oje] Azt A
AHEL] A7|7F & uf MINMAXDISTE olg3
oA WHiEY HS 2 A4S YERth

—_—

* e

[ A%E 91, “HagiAelE o83t 2244
oo} Hepie] e 71 SEEEA
=54, 68 1%, pp. 3241, 1999.1,

[2] N.Beckmann, H Kriegel, R Schneider and
B.Seeger, "The R*—tree: an Efficient and
Robust Access Method for Points and
Rectangles,” Proc, ACM SIGMOD Int, Conf,
on Management of Data, pp. 322— 331, 1990

[3] C. Faloutsos. et a,, “Efficient and

Effective Querying by Image Content,”
Journal of Intelligent Information Sys—
tems, Vol, 3, No, 4, pp.231-262, 1994,

(4] D.A. White,
with SS—tree,” In Proc, Intl, Conf on
Data Engineering, pp.516—523, 1991,

[6] M. Flinker, et al , "Query by Image and
Video Content: The QBIC Sytem " IEEE

R.Jain_ ,"Similarity Indexing

2003, 4, Vol 4., No. 4, April

Computer, Vol 28 No 9, pp.23—32, 1995,

[6] N.Roussopoulos, et al,, "Nearest Neighbor
Queries,” In Proc, Intl, Conf, on Management
of Data, ACM SIGMOD, pp,71-79, 1995,

[7]1 S.A.Nene, S.K Nayar, ‘'Closest Point
Search in High Dimensions,” In Proc,
Intl, Conf, on Computer Vision and
Pattern Recognition, 1996,

[8] S.Arya. et al,, "An Optimal Algorithm for
Approximate Nearest Neighbor Search-—
ing," In  Proc, ACM—~SIAM Sym, on Dis—
crete Algorithms, pp.573—582, 1994,

4He

1988 HEfstu HAHEA
3aH(o| BHA})

1990y Addista HMAEA
83H(o) A A}
19989 Addstn A4iEA

=TT

19979 39 ~ @A Addistn
AFEH YA, AT

HHEF : FUARTE,
S7tEj ol o] 2,
dejulro] A2,

S DEERIX)
4 37

19844 AeistE ALEA
230 5 A}
1986% AeistE ALEA
23 (o] 5H414})
1996 Aty ALEA &
o] St Ap
19019 €4 SAHE FFe
s} Ras
PR} FURBTE,
F7eolepol,  ARE 1Y
LIPS



