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Fig. 2 Comparing of Construction Time Using Different Data
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Tab. 2 Speedup of G-STR Algorithm

Land-Use  Base-Roads Detailed-Roads Pop-Hu
4 2. 10 7.29 13.71 26. 67
8 2.42 7.73 13.93 26. 46
16 3.05 8.75 15. 35 26.06
32 3. 40 9.03 16. 39 25. 34
64 3.81 9. 30 16.01 25. 87
128 3.72 10. 19 16. 80 26. 81
256 3.74 10. 54 17.23 27.31
GPU STR
R s GPU STR
R s CPU
, o GPU
b b
b
GPU o s
b
’
R
STR o
b
27 R
GPU R R
’ ’
GPU 0
, GPU ,
R , CPU
b
STR MBR

[1] Papadopoulos A, Manolopoulos Y. Parallel Bulk-
loading of Spatial Data[]J]. Parallel Computing ,
2003, 29C10): 1 419-1 444

[2] Guttman A. R-trees: A Aynamic Index Structure
for Spatial Searching[ C]. ACM SIGMOD, Boston,
MA, 1984

[3] Sellis T, Roussopoulos N, Faloutsos C. The R™-
tree; A Dynamic Index for Multi-dimensional Ob-
jects[ CJ]. The 13th VLDB, Brighton, England,
1987

[4] Bechmann N, Kriegel H P, Schneider R,et al. The
R*-tree: An Efficient and Robust Access Method
for Points and Rectangles[ C]. SIGM OD, Atlantic
City, New Jersey, 1990

[5] Roussopoulos N, Leifker D. Direct Spatial Search
on Pictorial Databases Using Packed R-trees[ C].
ACM SIGMOD, Austin, TX, 1985

[6] LiuJ, Liu T, Wu H, et al. From Graphic Process-
ing Unit to General Purpose Graphic Processing U-

nit[J]. Journal of Wuhan University ( Natural

Science Edition), 2013, 59(2): 198-206¢( s
s , . GPU
Lyl ( ), 2013, (2),

198-206)

[7] Simion B, Ray S, Brown A D. Speeding up Spatial
Database Query Execution Using GPUs[J]. Proce-
dia Computer Science, 2012,(9): 1 870-1 879

[8] Kim J, Hong S, Nam B. A Performance Study of
Traversing Spatial Indexing Structures in Parallel on
GPU[C]. IEEE 14th International Conference on
High Performance Computing and Communications.
Liverpool, United Kingdom, 2012

[9] Yang K, He B, Fang R, et al. In-memory Grid
Files on Graphics Processors[ C]. The 3rd Interna-
tional Workshop on Data management on New
Hardware, ACM, Beijing, China, 2007

[10] Lijuan L, Wong M D F, Leong L. Parallel Imple-
mentation of R-trees on the GPU[C]. The 17th A-
sia and South Pacific Design Automation Confer-
ence, San Francisco, USA, 2012

[11] You S, Zhang J. GPU-based Spatial Indexing and



39 9 : GPU R STR 1073

Query Processing Using R-Trees[ EB/OL]. http:// ( s . , . R

www-cs. ceny. cuny. edu/~jzhang/papers/rtree tr. [Jl. , 2005,28(3): 289-300)

pdf, 2012 [15] Garcia Y, Lopez M, Leutenegger S. A Greedy Al-
[12] Leutenegger S T, Lopez M A, Edgington J. STR: gorithm for Bulk Loading R-trees [C]. The 6th

A Simple and Efficient Algorithm for R-tree Packing ACM-GIS, Washington D C, 1998

[C]. The 13th International Conference on Data [16] Lee T, Lee S. Omt: Overlap Minimizing Top-down

Engineering, Birmingham, England, 1997 Bulk Loading Algorithm for R-tree[ J]. Adwvanced
[13] Kamel I, Faloutsos C. On Packing R-trees[ C]. Information Systems Engineering , 2003(7); 69-72

CIKM, Washington D C, USA, 1993 [17] Micikevicius P. Comparison-Based In-place Sorting
[14] Zhang Mingbo, Lu Feng, Shen Paiwei, et al. with CUDA[M]//Wen-Mei W H. GPU Computing

Evolvement and Progress of R-tree Family[ J]. Chi- Gems. Waltham, MA ; Morgan Kaufmann, 2011

nese Journal of Computers, 2005, 28 (3). 289-300

GPU-Based Parallel Bulk Loading R-trees Using STR Method
on Fine-Grained Model

SHAO Hua' JIANG Nan' HU Bin' LV Heng' ZHU Jin'
1 Key Laboratory of VGE, Ministry of Education, Nanjing Normal University, Nanjing 210023, China

Abstract: In the era of big data, efficient spatial indexes need to be established quickly for massive
spatial data. The R-tree spatial index built by the sort tile recursive (STR) technique has excellent
query performance but low efficiency when building. We propose an R-tree bulk loading algorithm u-
sing a STR technique based on general purpose computing on a GPU. A linear array structure is used
to store an R-tree and an overall sorting algorithm is used instead of segmented sorting. Experiments
show that our proposed algorithm achieves up to a 27 speedup. Our experiments also indicate that the
speedup increases as the data becomes larger. We use a query algorithm on the GPU to verify the R-
tree bulk loading algorithm; finding that it has good query performance. Our algorithm takes advan-
tage of the parallel processing capacity of the GPU and achieves high efficiency which shows that the
technology of GPU computing has broad applicability in the spatial indexing field.
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