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Outline

* nD-histogram for querying non-uniformly
distributed data

- Executing convex polytope queries

« Benchmarks and applications
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Background — PlainSFC

Data structure: Space filling curve (SFC) + Oracle index-organized tables (IOT)
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nD-histogram

Geneatlng rangefs besed on fxecl partltlon of data extent

PlainSFC querying
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Ranges contain 26 true positives and 20 false positives

Improved by using
an nD-histogram
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Building HistogramTreg, with node capadty =10
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Ranges contain 26 true positives and 12 false positives




nD-histogram

Whole workflow
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* Uniformity metric — cumulative hypercubic coverage (CHC)
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Number of ranges exported by PlainSFC
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nD-histogram — simulations

"l j | | CHC values of different data sets
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Different distributions for simulating dimensions
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Convex polytope querying — definition

Exterior of halfspace

Interior of halt-space
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Convex polytope querying — intersection algorithms

- SWEEP
- SPHERE HistogramTree node

Half-space

FIGURE 12 Querying results from different
algorithms: (a) querying geometry, (b) accurate result,
(c) Overlapping results of CPLEX (orange), SWEEP
(green) and SPHERE (blue), without a second filter

* |IBM CPLEX - rigorous linear programming method
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Benchmarks and applications — AHNZ2

- Data: AHN2 sample (XYZ coordinates), 10 billion points, south-western part
of the Netherlands; split into 5 data sets for scalability test

« cLoD: computed for each point and values range: (0, 12000)

Storage size of datasets on the disk (|n GB)

of points | files IOT R-tree
B 5108 16.49 18.24 18.52 7.212
2 EGE 32.98 19.95 36.39  36.95 14.17
ET 2x10° 6442 38.97 71.06  72.01 28.1
B 6x10° 1939 118.3 213.6  216.2 82.32

B 100 323.4 199.7 3569  360.7 138.0

Query windows with different selectivity

. . Whole
; output/total

Xl 1.73% 4.37% 99.46%  94.31% 0.05%
m 20.5%  79.11% 1.01% 23.48% 0.05%
EUEERY 20.25%  17.58% 98.8% 1.03% 0.05%
NN 20.29%  35.02% 98.29%  11.23% 0.67%
20.39%  55.3% 98% 40.03% 4.53%
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Benchmarks and applications — AHNZ2

w
8
@
(=}

w

o

250 50 30
w = o

= 4, = 25
g 200 g‘ 40 =

g i g ®
@
g 150 g 30 £

= = = 15
.g 100 % 20 £

= = 2 10

50 10 5

0 —— 0 0

| 2 3 4 S 1 2 3 4 5 1 2 3 4 5
Dataset Dataset Dataset
w— POStGIS = Pyramid e=PyramidEx ees=pPlainSFC —sm—HistSFC — POStGIS =Pyramid es=PyramidEx e PlainSFC —em—HistSFC — POstGIS Pyramid —se=PyramidEx e pPlainSFC —em—HistSFC

Small-1 query Small-2 query Small-3 query

60 350
50 300
= Z 250
g 40 b
) 8 200
Q (%}
g 30 E
= = 150
£ 20 T
fu}
2 2 100 -
10 50 _——’_—/‘
0 0
1 2 3 4 5 1 2 3 4 5
Dataset Dataset
e PostG IS Pyramid =====PyramidEx ee=pP|ainSFC e HistSFC P ostGIS Pyramid ====Pyramidfx eesp|ainSFC es—HistSFC

P Medium query Large query
TUDelft

10



Benchmarks and applications — AHNZ2

Perspective view selection using the polytope, response time<1s
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(b) Orthogonal
projection, colored by
(a) Perspective view, colored by elevation maximum cLol value
Distant perspective view Close-up perspective view
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Benchmarks and applications — flood

Niansi Levee, Jiangxi Province, China
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For flood risk analysis, a large
database storing modelling results is
needed, e.g., generate flood maps

Computation based on mesh, storage
using raster is cumbersome:

— Triangular cells have to be averaged,
accuracy damaged;

— The converted rasters also contain lots of
empty cells

Extract Centroids of mesh to form a
point cloud

— 8 dimensions, caselD, XYZT, flow velocity,
depth and direction, 332,775,680 points
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Benchmarks and applications — flood
Qid_|pescripton

Select the area that is flooded with depth greater than 3 m, in case 1

m Select the area that is flooded in 24 hours, in case 1

m Select the maximum inundation area, in case 1

m Select the area that is flooded around several houses (a rectangle area), in case 1

m Select the dangerous points along a country road (velocity > 0.5), in case 1

m Select dangerous locations evaluated by human instability (depth x velocity > 2), in case 1
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Benchmarks and applications — flood
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Case 1
First filter 1.273 1097
Second filter  14.99 15.08
Total 16.25 16.37

Case 5
First filter 1.336 1474
Second filter  15.29 15.01
Total 16.62 16.48

0 Depth .

Q6 polytope modelling

CPLEX

87.86
15.08
102.9

98.46
15.01
1135

Q6 time cost (s)
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Thanks for your attention

]
TUDelft



