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A study on optimization of spatial index R-tree
using dimension reduction mapping Simple-Map
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Abstract: We usually use spatial index such as R-tree and M-tree for quick approximate retrieval of high-
dimensional data. We use dimension reduction mapping Simple-Map to prevent the curse of dimensionality
from being deteriorated approximate retrieval. In this paper, we optimize the number of dimensions after
mapping by Simple-Map and the maximum number of elements(called node size) to be stored in each node
of the R-tree. From experiments, compared with the conventional method, similarity search became faster
by increasing the number of dimensions after mapping and node size for the image data, decreasing the
number of dimensions after mapping and increasing node size for sound data, regardless of the performance
of Simple-Map.

Keywords: approximate retrieval of high-dimensional data, spatial index, R-tree, dimension reduction
mapping, Simple-Map
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1 R-tree 2 X 2%
Fig. 1 Similarity search by R-tree
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Table 1 The SPEC of the PC used in Experiment

CPU | Intel(R) Xeon(R) CPU E5-2640
2.5 GHz x 4

64GBytes

AEY

4.1 =81 (/—FHa4 IDOHE)

RERTFHEL A UHERTBIZPWT /) — R X2 4 H
UCEBREZIT-7-. (1), (2), 3) izl TEnZTnmE
T— R DOEBIERER 2, K3, K4, HT— X OERKERE
D5, K6, R TIRT. B — N8, FEEESHERIE,
MRERFIZZNEhN 1 BRGS0 OFEEETH 5.

Y LT, MERMICEL CRERT —X, &7 —2X
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®3 /- FY1X0E (H (2)
Table 3 The influence of node size (image (2))

J— R X | M — N | BRI | MR (ms)
50 27852 865172 104.18
100 14548 866019 93.65
200 7631 866996 85.94
400 4023 868646 81.78
800 2131 871661 80.97
900 1915 872180 80.50
1000 1741 873150 80.63

£4 J—FY1XOEE (HE (3)
Table 4 The influence of node size (image (3))

J—=RYA X | B — B | BEBERHEEEE | MR (ms)
50 24851 762045 93.94
100 13050 762648 83.59
200 6885 763755 76.77
400 3653 765714 74.00
700 2203 767854 73.52
800 1951 768743 73.40
900 1756 769647 73.51
x5 /—F¥1X0HE (% (1)

Table 5 The influence of node size (sound (1))

K2 /—K¥1AX0@E (FEHE (1)
Table 2 The influence of node size (image (1)) J— R4 2| B — R | BERHEER | BRI (ms)
J—=RYAX | FAM — NEC | BB | ARSI (ms) 50 20497 684141 104.50
50 36616 1286997 143.75 100 10676 685026 94.79
100 18913 1287579 126.81 200 5579 685966 89.23
200 9827 1288436 116.92 400 2939 687515 86.87
400 5140 1290245 112.06 500 2391 687928 86.32
800 2707 1293100 111.24 600 2023 688596 86.70
900 2432 1294032 110.95
1000 2206 1294377 111.75
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x6 /N1 X0RE (F (2)
Table 6 The influence of node size (sound (2))

J=RYAX | Y — R | BREERH I | BRI (ms)
50 18918 589240 93.19
100 9919 590284 83.97
200 5233 591478 80.17
400 2779 592919 77.92
500 2267 593634 77.61
600 1925 594107 78.00

KT /- FH1XOEE (& (3)
Table 7 The influence of node size (sound (3))

J—FHA X | FH — N | BB | MeRKHE (ms)
50 18699 563099 91.71
100 9870 563661 83.49
200 5222 564901 79.12
400 2782 566372 76.65
500 2274 566798 76.57
600 1930 566890 76.34
700 1677 567654 76.36

4.2 ER2 (HEERTHE/—FH1X)

SR E ) — R A R ZH L, SRz WT
MR R ® RN S D DRERTFIRITH T % i b RIZEE
LT, (1) (2) 3) 220\ TENZNEGT — X DEERFER
RS, K9, £10, T —XOEREREE 11, X 12,
* 13, 1RT.

FRE LT, W7 —%, HT—2&viz (1) (2) (3)
DOWTND S-Map IZBWVWT Hixd EiE & 72 B ST,
J = RY A RIERFHELIFRRD L 0D Zehbhb.

®8 K/ —F¥1 X (HEk (1)
Table 8 The optimum node sizes (image (1))

SRR 8 16 20 24 32 64

J—FRH¥%A4X | 900 | 900 | 600 800 600 400

EdEfE®E (%) | 12 | 54 | 5.5 | —0.34 | —4.3 | =37

9 B/ — F¥X (HEg (2)
Table 9 The optimum node sizes (image (2))

FEREIR T 8 16 20 24 32 64

J—R¥%4X | 900 | 800 | 600 | 600 | 600 | 400

EEER (%) | 14 | 19 | 21 | 18 | 19 | 1.6
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® 10 i/ — F¥ 1 X (Hf (3))
Table 10 The optimum node sizes (image (3))

PR T 8 16 20 24 32 64

J—R¥AX | 800 | 400 | 500 | 600 | 500 | 400

mEALE (%) | 12 11 | 13 | 6.6 | 0.87 | —15

® 11 Rl — Py X GF (1)
Table 11 The optimum node sizes (sound (1))

FHREIR TR 4 6 8 12 20 32

J—FR¥%4 X | 800 | 500 | 600 | 500 | 600 500

EEfEE (%) | 41 | 84 | 99| 89 | 6.9 | —1.7

x12 Hl/ — YA X (& (2)
Table 12 The optimum node sizes (sound (2))

FHREAR T 4 6 8 12 20 32

J—RN¥#4X | 800 | 600 | 600 | 500 | 500 | 400

EdfbR (%) | 80 | 12 | 10 | 76 | 51 | —5.1

®13 HlE/ KA X (& 3)
Table 13 The optimum node sizes (sound (3))

SRR T 4 6 8 12 20 32

J—FR¥A4X | 900 | 400 | 600 | 600 | 500 | 400

Edfb®E (%) | 7.7 | 10 | 10 | 86 | 45 | —5.5

5 FEHESHBRDEE

WfkT — 2L TIE (1) TIESRTHE, / —K¥
1 X900 TH 12%, (2) TIE20RTHE, /— K1 X
600 T 21%, (3) TlX 20 kTTH, / — K¥+ X 500 T
¥13%, TF—2cBELTIE (1) TIE8RTHE, /—
R4 X600 TH 9.9%, (2) TlX6 Wi, /— KU1
A 600 TH 12%, (3) TiX 6 R, /7 — K31 X400
¥ SIRTTHEE, / — K¥ 41 X 600 TH 10% D 8L % FHH
L7-.

SHOPEL LT, /=R RZL-oTHLUES &R
BRTHOTHMERENESI Z S, /—RoFedhz
TRTZZeTIoRtmdbtaffTcE 5. £/, £<
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