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Efficient Searching Technique for Nearest Neighbor Object
in High-Dimensional Data

Jin-Ho Kim"- Young-Bae Park'"

ABSTRACT

The Pyramid-Technique is based on mapping n-dimensional space data into one~dimensional data and expresses it as a B+-tree. By solving
the problem of search time complexity the pyramid technique also prevents the effect of “phenomenon of dimensional curse” which is caused
by treatment of hypercube range query in n-dimensional data space. The SPY-TEC applies the space division strategy in pyramid method and
uses spherical range query suitable for similarity search so that improves the search performance. However, nearest neighbor query is more
efficient than range query because it is difficult to specify range in similarity search. Previously proposed index methods perform well only in
the specific distribution of data. In this paper, we propose an efficient searching technique for nearest neighbor object using. PdR-Tree suggested
to improve the search performance for high dimensional data such as multimedia data. Test results, which uses simulation data with various
distribution as well as real data, demonstrate that PdR-Tree surpasses both the Pyramid-Technique and SPY-TEC in views of search
performance.
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1 : queue = CREATE_PRIORITY_QUEUE();

2:fori=0 to 2d - 1 do
3: dist = MINDIST(q, dRi,); /* A< 31 %/
4:  ENQUEUE(queue, dRi, dist);



5:end for

6 : while not IsEmpty{queue) do
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7:  Element = DEQUEUE(queue);
8: if Element is a doughnuts range then

: for each Sub in a doughnuts range do
10 if Sub is a doughnuts range then
11: dist = MINDIST(q, dR1); /* ¢} 32 %/
12 ENQUEUE(queue, dRl, dist);
13: else /* bounding slice */
14: dist = MINDIST(q, BSI); /* A< 32 */
15: ENQUEUE(queue, BS], dist);
16: end if
17 end for
181 else if Element is a bounding slice then
19: for each object in a bounding slice do
20: dist = DIST_QUERY_TO_OB](g, object);
21 ENQUEUE(queue, object, dist);
22 end for
23: else /* Element is a object */
24 report element as the next nearest object
25 end if
26 : end while

(Z2lE 31) 8N #2Y o XNzl
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a2 F7 SPY-TECAA At &dxeld 2744 25 3

= AR AA Fehol2 o] Afe <A 32>9%
dg=y
(E 3.1 olx| HI0IE{(32 points)

Point | X Y Dist. | Point | X Y | Dist
do | 026 | 037 | 0559 | dis | 08 | 019 | 0120
d | 024 | 070 | 0787 | dir | 087 | 043 | 0351
d; | 012 | 057 | 078 | di | 096 | 043 | 0391
ds | 017 | 040 | 0653 | diw | 094 | 081 | 073
di | 015 | 08 | 0945 | dw | 094 | 083 | 074
ds | 002 | 023 | 0741 | dn | 099 | 012 | 0241
ds | 001 | 097 | 1142 | de | 099 | 091 | 0845
dr | 002 | 013 | 0731 | ds | 099 | 088 | 0912
ds | 034 | 032 | 0465 | da | 042 | 060 | 059
ds | 069 | 025 | 0162 | dws | 046 | 068 | 0648
dig | 060 | 019 | 0175 | ds | 040 | 067 | 0669
dy | 043 | 009 | 0320 | dir | 058 | 074 | 0662
dz | 014 | 011 | 0610 | ds | 012 | 09 | 1018
diz | 018 | 002 | 0576 | dw | 090 | 095 | 0863
du | 094 | 006 | 0194 | dwy | 08 | 097 | 0881
dis | 015 | 001 | 0610 | du | 002 | 099 | 1151 |
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BS, dRji dR; SP;
Label} MINDIST | Label | MINDIST | Label| MINDIST | Label | MINDIST
BSy 0.489

dRy | 0489
BS; 0518
dRy| 0489 |SPg| 0.460
BSz | 0593
dRo; | 0593
BS;3 0.734
BS; 0.158
dRp | 0.0%
BSs 0.056
dR;| 0000 [ SP;| 0000
BSs| 0231
dR; | 0231
BS7| 0132 :
BSs 0.154
dRyp | 0106
BSy 0.106
dR;| 0106 |SP:2| 0106
BSi,| 0139
dRz | 0139
BSy; 0.208
BSiz| 0672
dRyp | 0672
BSi;3| 0683
dR;| 0672 |SP3| 0472
BSu 0.860
dR3 0.860
BS;s| 089




274 ZEKelEe=2X D M11-DT H2=(2004.4)

@ SPY-TECE ©|§% 24 29 A9 4
|7 SPO~SP3E

24 29 Fol B3 e wAE o

=t

1.

Enqueue SPy~SPs. Queue : {[SP;, 0.000], [SP;, 0.106],
[SPy, 0.460], [SPs, 0.472]}

. Dequeue SPi, enqueue BSs BSs, BSs, BS7. Queue :

{{BSs, 0.056), [SP:, 0.106], [BS; 0.132], [BS, 0.158],
(BSs, 0.231], [SP,, 0.460], [SPs, 04721}

. Dequeue BSs, enqueue di, du. Queue : {[SP;, 0.106],

[BSz, 0.132), [BSy, 0.158], [diw, 0.175], [BSs, 0.231], [du,
0.320], [SP,, 0.460], [SPs, 04721}

. Dequeue SP», enqueue BSs, BSs, BSi, BSu. Queue :

{[BSy, 0.106), [BS;, 0.132], [BSw, 0139], [BSs, 0.154],
[BSs, 0.158], [dw, 01751, [BSu, 0.208], [BSs, 0.231], [du,
0.320], [SPs, 0.460], [SP3, 0.472]}

. Dequeue BSs, enqueue dis, dio. Queue : {[BS; 0.132],

[BSw, 0139], [BS;, 0134], [BSs 0.158], [dw, 0.175],
[BSu, 0.208], [BSs, 0.2311, [du, 0.320], [dis, 0.391], [SP,,
0.460, [SPs, 0.472), [dis, 0.735]}

. Dequeue BS7, enqueue dis, dis. Queue : {[BSi, 0.139],

[BSs, 0.154], [BS,, 0.158], [di, 0.175], [dis, 0.194], [BSu,
0.208], [BSs, 02311, [dn, 0320], [dis, 03911, [SP,
0.460], [SPs, 04721, [dis, 0.610], [do, 0.735]}

. Dequeue BSw, enqueue dy, da. Queue : {[BSs, 0.154],

[BS4, 0.158], [dlo, 0.175], [d14, 0.194], [BSu, 0.208], [BSB,
0.231], [da, 0.241], [du, 0.320], [dis, 0.391], [SPy, 0.460],
[SPs, 0.472], [dis, 0.610], [die, 0.735], [dz, 0.754]}

. Dequene BSs, enqueue dis, dir. Queue : {[dis, 0.120],

[BSs, 0.158], [di, 0.175], [dis, 0.194], [BSu, 0.208], [BSs,
0.231], [dn, 0.241], [du, 0.320], [di, 0.351], [dis, 0.391],
[SPo, 04601, [SPs, 0.472], [dis, 0.610]. [chs, 0.735], [da,
0.7541}

. Dequeue dis, report die as nearest neighbor. Queue :

{[BSy, 0.158], [diws, 0.175], [dis, 0.194], [BSu, 0.208],
[BSs, 0.231], [dey, 0.241], [dy, 0.320], [di7, 0.351], [dis,
0.391], [SPo, 0.460], [SPs, 0.472], [dis, 06101, [dis, 0.735],
[da, 0.754]}

10. Dequeue BSs, enqueue ds, do. Queue : {[ds, 0.162], [dio,

0.175), [chs, 0.194], [BSu, 0208, [BSs, 0.231], [da,
0.2411, [du, 03201, [dw, 03511, (dis, 0.391], [SPy,
0.460), [ds, 0.465], [SP3, 0.472), [dis, 0.610], [dis, 0.735],
[dw, 0.754]}

11. Dequeue ds, report ds as nearest neighbor. Queue :

{[di, 0.175], [dis, 0.194], [BSu, 0.208], [BSs, 0.231],
[da, 0.241), [du, 0.320], {dir, 0.351], [dis, 0.391], [SP,
0.460), [ds, 0.465]), [SPs, 0.472], [di5, 0.610], [dis, 0.735],
[do, 0.754]}

12. Dequeue dio, report dio as nearest neighbor.
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. Dequeue BS10,

Enqueue dRo~dR;. Queue : {{dR1, 0.000], [dR2 0.106],
[dRo, 0.489], [dRs, 0.672]}

. Dequee dRi, enqueue dRi, dRy. Queue : {[dR1, 0.056],

[dR, 0.106], [dRu, 0.231], [dRo, 0.489], [dRs, 0.672]}

. Dequeue dR10, enqueue BS4, BS5. Queue : {[BS5,

0.056], [dR2, 0.106], [BS4, 0.158], [dR11, 0.231], [dRO,
0.489], [dR3, 0.672]}

. Dequeue BS5, enqueue d10, dll. Queue : {[dR2, 0.106],

[BS4, 0.158], [d10, 0.175], [dR11, 0.231], [dl1, 0.320],
[dRO, 0.489), [dR3, 0.6721}

. Dequeue dR2, enqueue dR20, dR21. Queue : {{dR20,

0.106], {dR21, 0.139], [BS4, 0.158], [d10, 0.175], [dR1],
0.231], [di1, 0.320], [dRO, 0.489), [SP3, 0.672]}

. Dequeue dR20, enqueue BS8, BS9. Queue : {[BSY,

0.106], [dR21, 0.139], [BS8, 0.154], [BS4, 0.158], [d10,
0.175], [dR11, 0.231], [d11, 0.320], [dRO, 0.489], {dR3,
0.672]}

. Dequeue BS9, enqueue d18, d19. Queue : {[dR21, 0.139],

[BS8, 0154], [BS4, 0.158], [d10, 0.175], [dR11, 0.231],
[d11, 03201, [d18, 0.391], [dRO, 0.489], [dR3, 0672],
[d19, 0.735]}

. Dequeue dR21, enqueue BS10, BS11. Queue : {[BS10,

0.139], [BS8, 0.154], [BS4, 0.158], [d10, 0.175], [BS11,
0.208], [dR11, 0.231], [d11, 0.320), [d18, 0.391], [dRO,
0.489], {dR3, 0.672], [d19, 0.7351}

enqueue d20, d21. Queue : {[BSS,
0.154], [BS4, 0.158], [d10, 0.175], [BS11, 0.208], [dR1l,
02311, [d21, 0241], [di1, 03201, [d18, 0391], [dRO,
0.439], [dR3, 0672], [d19, 0.735], [d20, 0.754]}

10. Dequeue BSS8, enqueue d16, d17. Queue : {[d16, 0.120],

[BS4, 0.158], [d10, 0.175], [BS11, 0.208], [dR11, 0.231],
[d21, 0.2411, [d11, 0.320], [d17, 0351, [di8, 0.391],
[dRO, 0.489], [dR3, 0.672], [d19, 0.735], [d20, 0.7541}

11. Dequeue d16, report dl6 as nearest neighbor. Queu



e {[BS4, 0.158], [d10, 0.175], [BS11, 0.208], [dR11,
0231}, [d21, 0.241], [d11, 0320}, [d17, 0.351], [dl8,
0.391], [dRO, 0.489], [dR3, 0.672], [d19, 0.735], [d20,
0.7541}

12. Dequeue BS4, enqueue d8, d9. Queue : {[d9, 0.162),
[d10, 0.175], [BS11, 0.208], [dR11, 0.231], [d21, 0.241],
[d11, 0.320], [d17, 0.351], [d18, 0.391], [dRO, 0.489], [d8,
0.465], [dR3, 0.672], [d19, 0.735], [d20, 0.754]}

13. Dequeue d9, report d9 as nearest neighbor. Queue :
{{d10, 0.175], [BS11, 0.208], [dR11, 0.231], [d21, 0.241],
[d11, 0.320], [d17, 0.351], [d18, 0.391], [dRO, 0.489], [d8,
04651, [dR3, 06721, [d19, 0.735], [d20, 0.754}}

14. Dequeue d10, report d10 as nearest neighbor.
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@ HolA H IFE v ReE i 2.

g Hola Het B

Holx HI Hl &= A A #Holx Fh

SPY-TEC#] A% vlale 43 48 4] tar] g
ol AAAA vl AP & wrF Uitk ok T4 )
we} ez F3 A ALE vusEd HY gl
s PAR-Ei7F Ay 29 AdelHe 58 & F
ARt Z2aPe C-dolE of&at] AAstgen gec
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Aoz vl drg 2B6eMBlH 12GBS 719 §#& 7H
HDDE AH&shgitt 299 A7le Ha 4394 A
Axgeln A3 #HolA A7]= 4KBE AAIAL ki
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4.1 29 o|o]&{(Simulation Data)

29 dolgE WA dHolH EXE 1wty
%5 #¥(GU:Global Uniform Distribution), A%
®Z(LU : Local Uniform Distribution), % 7}
(GG : Global Gauss Distribution), A% 7}$-2 2X(.G:
Local Gauss Distribution)& 7}A&= dHo|HE A st 4
gatsch 1634 30000719 dHeolHE #A4e X2 A4
vk FAlolA dlolEztAY el BEE¥E (29 4D~
(29 44)¢F 2o}

IShAe Ve
Mool 1R

4.1.1 A9 #% EE(GU : Global Uniform Distribution)
dolelr} A9 #%5 EXdte A9 (29 4DolM Be
utol o] FAqA diolH7AA g Ade B A ¢
e gevh FAHAA delg7Ae AgE 7wroz &

i
dejx FreME wEd FEAA dolHs} FEsnz
#HZH AANE e AN 452 oA dolg X F 7t
4 S5 e,

Distance from Center(Global Uniform Distribution)
2
:2 [ [ L T s N Y
I T N BN

13 A LALLM ) L
L T

(28 41) M9 #= ZZ(Global Uniform Distribution)
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4.1.2 AY #% ¥E(LU : Local Uniform Distribution)

HolEj7} NY #% E¥&= 4% (I 42004 BE
upe} Zo] FAlA dlolE7A e Ay FHEE UG
o} 72 ¥eg EA vt dojgs) Uyste 2X
g HTY 29 AAE Fe FAA A5 Y 75

2EuT s,

Distance from Center(Local Uniform Distribution)

(O 42) X *E 2Z(Local Uniform Distribution)

4.1.3 AY 7192 B3 (GG : Global Gauss Distribution)

diolEl7t AY 71§22 BESE BF, (28 43)904 2
= ups} 2ol FHA diolE7tA e} Av s EF Agd &
gk oy dolg APddAe HaH AAZ AAs]
A8l A dFE =28 E3sAEH B dH 2 o
oz sty 38 &3 AMEY F2) g 4 Uk

Distance from Center(Global Gauss Distribution)

4.1.4 N9 7}~ EE(LG : Local Gauss Distribution)

Distance from Center(Local Gauss Distribution)

(32 4.4) X9 72~ 2FZ(Local Gauss Distribution)

Holej7} A G 7H¢& BEFE BS, (29 44004 B
E ulgh Zo] AN dolgzA Y AgEs FEz 2
A3 AY 75 B¥eis doly A¥EY TE o
PHEEE o B =T dxzrt Besht A9 sea

X3k doly Jjuve sl Foh

42 22| H|OjE{E 0|83 AH

4.2.1 dlolE] 7ol w2 A5 ¥

162+ BlolE 2] S 20000~100000 B3N F)AAN A
P, <F 41>& diojdH s ¥t e #AN 4%
HXE FX2 Jetdi, (29 45 4% vl g A
A%E ad=zz zdsgd

gt

CE A1) HIOlEf 7S wstol] o2 MS Hm(X=16, k=10)

Data Page Access
Dist. | oo Ratio

Stz o ramid| PAR | Pyramid| PaR |Pyramid] PAR
20000 | 919% |529%]| 0152 | 0106 | 0210 | 0.137
40000 89% |489%| 0296 | 0194 | 0397 | 0254
60000 | 87 9% |45 9%| 0436 | 0283 | 0540 | 0373
80000| & % |42 %| 0867 | 0340 | 0735 | 0511
100000] 81 9% |37 9% 0701 | 0391 | 0875 | 0559
20000 | 97 % |669%| 0169 | 0133 | 0257 | 0.167
2000 97% |659%]| 0332 | 025 | 0506 | 03%
60000| 97 % |649%)| 0438 | 033 | 0698 | 0512
80000| 9 % |649%| 0656 | 0512 | 0944 | 0674
100000 9 % |649%]| 0829 | 0639 | 1222 | 0846
000 | 92 % |849%| 0160 | 0170 | 0214 | 0211
400001 91 % (82 %| 0305 0.329 0.424 0.410
60000 | 90 % |80 9%| 0472 | 0483 | 0673 | 0615
80000 | 8 % |79 %| 0608 | 0628 | 0901 | 070
100000| 88 % |77 %] 0730 | o777 | 1142 | 1046
20000| 9 % |679%| 0166 | 0135 | 0224 | 0171
20000 9% % |659%| 0331 | 0258 | 0432 | 0341
60000 | 9 % |649%]| 04% | 0393 | 0714 | 0508
80000| 9 % |649%]| 0664 | 0511 | 0950 | 0684
100000] 9 % |63 9%/ 0810 | 0644 | 1284 | 0859

CPU Time(sec.) | Total Time(sec.)

Global
Uniform

Uniform

Global
Gauss

Local
Gauss

Ho|A HZ H-&(Page Access Ratio)e (1% 45)(a)ol
A BE Bte} ol 1Y 7% EXAAME 453%~34%, A9
5 EXNAE R%~34%, 19 742 EXAE 9%~
12%, AS 7}5-2= BEAME 319%6~34% ZFASATH

CPU AHE AIZEE (28 45(b)ol A B wie} go] A9
o5 EXAAE 30%~44%, NG TF EXxiAE 21%~
23%, A 7h¢2 BXAAE 19%~20% TAAAT A
o 7M$2 EXAME 2%~8% F7tets 23S Byt

23 A3 A7HTotal time)S ((1% 45)(c)olA B= u}
o} Zo] A9 % BEXAAME 31%~3H6%, AF TF TX



oM 27%~35%, AF 7h¢2 BEAAME 1%~11%, A
o b2 BXENME 21%~33% st
A4d A, FPHeR PAR-Ed9] ABo| Feu= v
HET 5z, AY 792 B¥e Hfdw PJR-E
29 5ol dASHA FEHA &%, e olfE dl
olH7} £4 Al Ao the EXRuE o g ¥
o|7 Lol Heasty| mott,

100%

90%
80% F———

——PyrGU
70% 4 —t—PyriU
60% ] —— Pyr-GG

—8—PyrG
50% --\‘\‘_\‘\‘ ——PIRGU
40% 1 —d—PdRLU
30% - —¥— PARGO|
20% A —&—PdR4iG

10% 4
0%

Page Access Ratio

<2
%
%
7

%P

Data Size

(a) Page Access Ratio

—— PyrGU
—tr—PyriU
e Pyr-GG
—B—pyiG
——PiRGU
—&—PdRLU
—¥— PdR-GG]
—B— PdRG|

)
’

CPU Time (sec.

Q N
b‘Q« bQ« %Q. \QQ«
Data Size

(b) CPU Time(sec.)

——PyrGU
—a—PyrlU
—*—PyrGG
—8—PyrlG
—— PdR-GU
—a—PdRLY
—H— PIRGG
—#—PdRLG

Total Time (sec.)

Data Size

(c) Total Time(sec.)
(3% 45) HlolE] Tl Helo| w2 Ms v
4.2.2 A9 2719 Wl ug A
dlol8 9 AMEE 10000002 A48T, 2
A ZIEA AFstE =

o
>
l
=
2

A GIOIE 9

SEMO A= MM BM 7Y 277

A Ay g £A42 Yelz, (29 46)S
e AF A4S adxg g¥sgch

4% wlaLd

(E 42 A2 Halol| 2 Ms Hln

(HlofE{ 7H4==100,000, k=10)
Pagbe Access
Dist, | Dim Ratio
Size

Pyramid| PdR |Pyramid| PdR |Pyramid| PdR
0% | 199% | 0075 | 0082 | 0075 | 0123
39% | 259% | 0203 | 0151 | 0203 | 0253
Global | 12 | 66 % | 35 % | 0457 | 0287 | 0388 | 0422
Uniform| 16 | 81 9% | 37 % | 0701 | 0391 | 0879 | 0559
20 | %% | 439% | 0971 | 0530 | 1220 | 0759
24 | 8% | 529% | 1148 | 0751 | 1408 | 1.044
4 | 62% | 53% | 0249 | 0230 | 0367 | 0299
8 % | 59 % | 0447 | 0361 | 0657 | 0497
Tocal | 12 | %5 % | 656% | 0665 | 0517 | 0945 | 0677
Uniform| 16 | 96 9% | 64 % | 0829 | 0639 | 1222 | 0846
0 | V% | 64% | 0988 | 0776 | 1447 | 1016
2 | B% | 6% | 1206 | 0916 | 1.729 | 1197
4 | 5% | 3% | 0019 | 0015 | 0109 | 0.090
47 % | 4% | 0247 | 0273 | 0507 | 0485
Global | 12 | 3% | 65% | 04%4 | 0520 | 0806 | 0.772
Gauss | 16 | 88 % | 77 % | 0730 | 0777 | 1142 | 1046
20 | %% |8%| 095 | 1042 | 147 | 1.3M
24 | 98% | 93% | 1158 | 1303 | 1789 | 1779
59 % | 50 9% | 0238 | 0218 | 0360 | 0285
8 | 849% |60% | 0454 | 0363 | 0659 | 0.499
Local | 12 | 959% | 64 % | 0661 | 0529 | 0941 | 06%
Gauss | 16 | 96 % | 63 % | 0810 | 0644 | 1284 | 0859
20 | 9B% | 64% | 0997 | 0780 | 1461 | 1.029
24 | 9B% | 66% | 1169 | 0922 | 1735 | 1232

CPU Time(sec.) | Total Time(sec.)

iy

#H o]z HZ u]&(Page Access Ratio)2 (¥ 4.6)(a)dl
Al B ulel Zo] A 7% EXo A= 4%~55%, X9
T EEANME 15%~34%, A 7he2 BEAE 5%~
32%, Y 7142 BEXME 16%~34% A4t

CPU AH$ A7Ee (29 46l BE =i 7o)
oI5 5"3“_01]*1% 429¢ A$ 9% Fhska, vnA|
T 26~3% FAEHAY AH o5 EXAA =
= }%loﬂ & 8%~24% HAstAa, AY M BE
oAM= 499 A$T 21% FAA&Hy, A AAde] o
£ 5%~13% %7}6}%14. A 7hex FEAXE 8%~

tal time)2 (718 46)(0)el A He uh
o 2ol Ay 5 BEAME 433 8429 A 25%~

65% sl Astati, W she2 TEANE b
A5 Fe vElla, velx A B 20% oY s
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(E 43) 4H HI0|EE 0|88t ¥ Hm(12%H, k=10)

100%
90%

o 80% ——PyrGU

E 70% —&—PyrlU

@ 60% ~R— Pyr-GG
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< 40% ———PdRGU

& 0, = PdRLU
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10%
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™ > K K3 S o
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(a) Page Access Ratio
2.000
1.800
1.600 ——PyrGU

3 1400 Pyl
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@ PyHLG

£ ooo0 e

© ’ —d—PdR-LU

[}
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- @ G N o B
Dimension
(b) CPU Time(sec.)
2.000
1.800
1.600 ——PyrGU

3 1.400 —t—Pyril

& 1.200 ——Pyeas

T 1.000 —8—PyriG

E 0.800 -~ PdR-GU
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3 o0 v
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0.000

) 2 K K3 ) "
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(c) Total Time(sec.)
Hstol| M2 ds

|83t A
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ol g8 AYel A=

i

A A2l AHskHE Bge dEhE

rier Alg HolE & A3, AF
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Data | Page Access Ratio CPU Time Total Time
Size |pyramid| PdR |Pyramid| PdR |Pyramid| PdR
20,000 | 93% 89% 0.124 0.138 0.164 0.138
40,000 | 93% 89% 0.249 0.275 0.349 0.275
60,000 | 93% 89% 0.378 0416 0.559 0510
80,000 | 93% 89% 0.503 0.558 0.726 0674
100,000 89% 87% 0.594 0.680 0.900 0.819
100%
o 90% { 4‘ a %
2 80% :
& 70% | —e—Pyramid
2 60% | —=—Px
g 50%
< 40%
o 30%
& 20%
10%
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(a) Page Access Ratio
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(b) CPU Time(sec.)
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