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Normalized R*-tree for Spatiotemporal Database
and Its Performance Tests

HIROYUKI HORINOKUCHI,t SUSUMU KUROKIt
and AKIFUMI MAKINOUCHI!

The spatiotemporal index takes very important role on accelerating the spatiotemporal
query processing. Spatiotemporal database have two distinct attributes simultaneously, so
spatiotemporal index must combine those two irrelevant values and build structures for later
query. We use R*-tree based structure for spatiotemporal index. The R*-tree was invented
mainly for spatial area, and does not fit into spatiotemporal space without losing some its
advantaged effeciency under certain situation. At first we point out the problem of R*-tree on
spatiotemporal space and other inadequate environments. Then, we propose new technique
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to operate on that problem and show its performance with simulations.
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Table 1 Upper and lower limits of node entries.
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Table 3 Performance of indices on fixed domain (1).

E VAN BREFROS 17 .

MBR % 14X [aaa aab aac abb abc acc |
AAA 1.07 1.06 1.15 1.07 1.17 1.181.11
AAB 1.24 1.21 1.08 1.19 1.06 1.06}1.14
AAC 0.97 0.93 0.85 0.91 0.8 0.86]0.88
ABB 0.92 1.01 0.99 0.92 0.9 0.89]0.93
ABC 1.15 1.04 1.05 0.98 1 1.0711.04
ACC 0.94 094 0.9 0.92 0.91 0.880.91
B3] 1.04 103 1 0.99 0.97 0.99 1

EF: 10240 x 10240 x 10240
A:170 B:227 C: 341
a: X2 b: x5 c: X8

F 4 EEBEEORETTOMELE (2)

Table 4 Performance of indices on fixed domain (2).

~

YA BREEROS 17

MBR ®% 14X |aaa aab aac abb abc acc |¥H
AAA 1.07 1.14 1.07 1.14 1.06 1.13| 1.1
AAB 0.95 0.96 0.9 0.93 0.87 0.85|0.91
AAC 1.06 1.02 1.02 1.04 1.03 1.03]1.03
ABB 0.98 1.13 1.19 1.06 1.12 1.22]1.11
ABC 0.74 0.77 0.82 0.81 0.83 0.77]0.79
ACC 1.05 1.04 1.03 0.98 0.96 0.93]0.99
2] 0.97 1.01 1 0.99 0.97 0.98]0.98

SEEB: 20480 x 20480 x 20480
A:341 B:455 C: 682
a: X2 b: x5 c: X8

7 BEBRLATV O
Fig. 7 Sample of domain and objects.
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FrBRELTWS, X3 LRA4DBEVEFT V=7 b
DREESTHA.
2ODROEEERB L, LHIFNLY BITHD

Mar. 1999
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F5 ERBOLORBIIEDDH HEHET TOMBEILSE (1)

Table 5 Performance of indices on squashed domain (1).

Hawks IZ BT 2 HBREROA V7 v 7 R 1233

RT7 EFRBOLORSIIELND HRET TOMRLE (3)

Table 7 Performance of indices on squashed domain (3).

EERD REFEBOS 417

#4X | aaa aab aac abb abc acc | FH

ERBO BREFRDOY A7
#+4X | aaa aab aac abb abc acc | FH

XXX 0.93 0.95 0.97 1.13 1.16 1.03 | 1.02
XXY 1.29 1.03 0.86 0.99 0.84 0.86 | 0.97
XXZ 094 0.74 0.63 0.79 0.67 0.72 [ 0.74
XYY 0.89 0.78 0.7 0.67 0.61 0.58 | 0.7
XYZ 0.79 0.61 0.53 0.55 0.47 0.43 | 0.56
XZZ 0.67 055 0.51 0.46 0.41 0.38 | 0.49

XXX 1.01 1.07 106 1.11 1.1 1.07 | 1.07
XXY 1.15 0.9 0.94 091 0.95 0.97 | 0.96
XXZ 1.19 0.94 0.77 0.98 0.8 0.83 | 0.91
XYY 1.2 1.03 0.99 0.87 0.82 0.77 | 0.94
XYZ 1.1 0.86 0.74 0.74 0.65 0.66 | 0.79
XZZ 0.81 0.68 0.59 0.56 0.48 0.42 | 0.59

FH 0.91 0.77 0.7 0.76 0.69 0.66 | 0.74

R 1.07 091 0.84 0.86 0.79 0.78 | 0.87

SEF: X: 1280 Y: 20480 Z: 327680
obj: X:32Y:512Z: 8192
a: X2 b: x5 c: %8

®6 THEBOANEZIIENSLFET TOMRELE (2)

Table 6 Performance of indices on squashed domain (2).

EFIR: X: 1280 Y: 10240 Z: 81920
obj: X:32Y:256 Z: 2048
a: X2 b: X5 c: x8

£ 8 EBBODVOELITENDHIEE T COMBLE (4)

Table 8 Performance of indices on squashed domain (4).

EHBD BRERBOS 17 EHIRD REFBOS 4T
#4X [aaa aab aac abb abc acc | FH #4X |aaa aab aac abb abc acc | F¥H
XXX 1.19 101 103 1 1.04 0.97 | 1.04 XXX 1.01 1.05 0.97 1.12 1.06 1 1.03

XXY 1.24 098 0.79 1.06 0.88 0.93 | 0.98
XXZ 1.12 0.83 0.79 0.88 0.83 0.86 | 0.88
XYY 1.67 1.33 1.14 1 0.86 0.8 1.13
XYZ 1.02 074 0.66 0.6 0.54 0.48 | 0.67
XZZ 0.77 0.53 0.47 0.39 0.35 0.33 | 0.47

XXY 092 0.85 081 094 0.8 0.91 | 0.88
XXZ 0.97 077 0.71 0.83 0.77 0.83 | 0.81
XYY 1.06 0.97 0.87 0.84 0.75 0.68 | 0.86
XYZ 1.02 0.8 0.68 0.73 0.63 0.62 ] 0.74
XZZ 0.92 0.61 054 0.48 0.42 0.36 | 0.55

FHy 1.16 0.9 0.81 0.82 0.75 0.72 | 0.86

F 098 084 0.76 0.82 0.75 0.73 | 0.81

EFI: X: 1280 Y: 20480 Z: 327680
obj: X:25Y:409 Z: 6553
a: X2 b: xb c: X8
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