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Abstract The k-closest pairs query is one of the important operations of spatial database. The k-self-
closest pair query algorithm based on R™ -tree k-self-CPQ and brute-force method could achieve better
performance in low-dimensional space but their performances suffer greatly in high-dimensional space so
the reduction of the dimensionality is the key to the problem. Space-filling curve has been extensively used
as a mapping scheme from high-dimensional space into linear space and imposes a linear order of points in
the space. It is like a thread that goes through all the points in the space. Hilbert curve Gray curve and
7 curve are three important space-filling curves. The mapping of Z curve could apply to high-dimensional
space easily. Based on Z curve a method of the reduction of the dimensionality a notion of minimum grid

and an approximate k-closest pair algorithm under the L,-metric ¢ =1 oo are presented. It uses
multiple shifted copies ZL-set of the data point sorted according to their position along Z curve. Using the
length of minimum grid it optimizes the procedure of scanning ZL-set. The algorithm is efficient and
simple to implement. Experimental results obtained by using real and synthetic data sets in high-
dimensional space indicate that its performance is better than that of the k-self-CPQ and brute-force

methods and the quality of approximate k-closest pair is better than that of theoretical analysis.
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Table 1 Quality of AKCP P Based on CH
1 CH k-
k
m
1 2 3 4 5 10 20 30 40 50
4 29.0 26.7 22.5 22.1 22.6 19.6 19.7 18.3 16.8 16.1
5 4.82 3.41 3.00 3.00 3.12 3.01 1.95 1.73 1.93 2.01
6 0.772 1.26 0.963 0.888 0.687 0.780 0.580 0.553 0.583 0.476
7 0.183 0.116 0.415 0.366 0.355 0.419 0.520 0.493 0.553 0.462
Table 2 Quality of AKCP P Based on LH
2 LH k-
k
m
1 2 3 4 5 10 20 30 40 50
8 22.8 20.8 13.2 5.77 5.27 2.19 1.79 0.928 0.803 0.746
9 12.5 9.41 9.90 3.80 2.04 0.413 0.116 0.402 0.410 0.569
10 5.45 2.53 1.19 0.458 0.008 0.413 0.116 0.402 0.410 0.569
11 0.151 0.00 0.00 0.014 0.008 0.413 0.116 0.402 0.410 0.569
2. AKCP 4 n
Brute-Force k-self-CPQ k-self-CPQ  Brute-Force
3 4 5 M R” AKCP 5
3 AKCP d AKCP
5.4s ®
32 . € Q
k- . k-self-CPQ k.
Table 3 Relation of Running Time and d
3 d
d
ts
' 64 128 256 512 640 768
k-self-CPQ 12.51 24.45 49.1 97.62 103.6 156.2
Brute-Force 4.672 7.469 8.218 9.938 10.17 11.81
AKCP 5.438 5.375 5.391 5.5 5.422 5.578
€ 0.3915 0.2373 0.1535 0.1068 0.2520 0.0894

Note 7n=1000 £#=100 M =50 m =16 |ZL-set| =33
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Table 4 Relation of Running Time and n

4 n
ts
1000 2000 3000 4000 5000
k-sel-CPQ 100.4 401.4 929.5 1630 2534
Brute-Force 10.12 41.67 90.34 158.7 248.1
AKCP 5.453 10.53 15.68 21.41 25.87
3 0.1101 0.1208 0.1308 0.1288 0.1307
Note d=512 k=100 M=50 m =16 |ZL-set| =33
Table 5 Relation of Running Time and k
5 k
ts
50 100 200 500 1000
k-sell-CPQ 154.4 154.7 154.5 155.1 155.7
Brute-Force 11.81 11.7 11.79 11.75 11.84
AKCP 5.422 5.438 5.609 5.75 6.04
e 0.0956 0.0878 0.083 0.772 0.0748
Note d=768 n=1000 M =50 m =16 |ZL-set|=33
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06. The k-closest pairs query is one of the important operations of spatial database. The k-self-closest pairs query algorithm based on
R" -tree k-self-CPQ and brute-force method could achieve better performance in low-dimensional space but their performance
suffers greatly in high-dimensional space. So the reduction of the dimensionality is the key to the problem. Space-filling curve has
been extensively used as a mapping scheme from high-dimensional space into linear space and imposes a linear order of points in the
space. It is like a thread that goes through all the points in the space. Hilbert curve Gray curve and Z curve are three important
space-filling curves. The mapping of Z curve is the simplest among them. Using Z curve this paper presents a notion of minimum
grid and an approximate k-closest pairs query algorithm. Using the length of minimum grid it optimizes the procedure of linear

scan. Experiment results show that its performance is better than that of £-self-CPQ and brute-force in high-dimensional dimension.
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