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We focus on the spherical range query:
» Window queries can be executed very efficiently.

» Kk-NN search can be implemented by means of spherical
range queries with expected k-NN search radii.




We use the Euclidean distance (L norm):
» Itis used extensively in research.
» Any finite metric space can be embedded into normed space L».

» Itis possible to convert £,-based queries to Lo-based queries.
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Example: window approxima-
tion with no transformation

» An n-D hypercube:




Example: window approxima-
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» An n-D hypercube:

o An m-D hyperrectangle,

m < n.




Dimensionality reduction
» Transformation & reduction (DFT, DWT, SVD, etc.)

» Transformation (PAA, Segmented Means, etc.)
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» Transformation (PAA, Segmented Means, etc.)
Effects
» Unbounded
» Infinite volume

» Degraded performance
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Consider point P, define:




Consider point P, define:

tp: Mean
op. Standard Deviation
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» Using
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» A bounded volume

Iso-u hyperplanes
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» Using
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» A bounded volume




Equation (6):

When o = 0:

2 Z?:l(pz' — Qz')2

(p = 1Q)* + (op — 0q)” =




Equation (6):

When o = 0:

2 Z?zl(pz' — C]z')2

(pp — 1)’ + (op — 0g)* = .

Eq. (6) retrieves the exact set of qualifying points P!
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When o = 0:

Z?:l(pi - C]z‘)2 .

(1P — 1Q)* + (7 — ) = &=L

Eq. (6) retrieves the exact set of qualifying points P!

» Left side: only two dimensions
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When o = 0:
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(p = 1Q)* + (op — 0q)” =

Eq. (6) retrieves the exact set of qualifying points P!
» Left side: only two dimensions

» Right side: n is arbitrary.
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(P = 11Q)* + (op — 0g)” <

When oy = 0:
n - q.)2
(,UP L ,UQ)z i (UP o 0_@)2 _ Zi:l(];l Q’L) .

Eq. (6) retrieves the exact set of qualifying points P!
» Left side: only two dimensions
» Right side: n is arbitrary.

» Any data distribution




s o0g = 0, the approximation volume is identical to the search sphere.

» oo — 0, the approximation approaches the exact set.
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» og = 0, the approximation volume is identical to the search sphere.
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» o — 0, the approximation approaches the exact set.

# Large portion of data have small o
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1. Retrieve points P if
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To retrieve points within radius ¢ of query point @),

» Approximation:




To retrieve points within radius ¢ of query point @),

» Approximation:
s Group the dimensions of () in the same manner.
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s Compute k pairs of u, o for Q.
s Perform window search of range e\/% centered at ().

s Filter returned points using lower-bounding formula.




To retrieve points within radius ¢ of query point @),

» Approximation:

s Group the dimensions of () in the same manner.
s Compute k pairs of u, o for Q.

s Perform window search of range 5\/% centered at ().

s Filter returned points using lower-bounding formula.

» Discard irrelevant points using the exact distance.
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» Approximation set approaches the exact set as ¢ — 0.

» MS outperforms SOTA techniques by a wide margin.




Average Selectivity of SOTA techniques relative to MS after Phase 1

Dataset Size n | d | Searchrange | SVD | OMNI | DFT | PAA/MEANS
Histograms 15,766 | 256 | 8 0.005-0.2 | 0.35 | 16.63 | 0.75 0.21
16x16 images | 15,766 | 256 | 8 0.05-2.0 | -0.26 | 33.58 | 2.94 1.13
8x8 images 12,000 64 | 2 0.05-2.0 | 0.18 1.40 | 1.63 0.51
Stock Prices 6,500 | 256 | 8 0.005-0.2 | -0.27 1.12 | 0.29 0.31
Spectral data 4,435 32 | 4 0.005-0.2 | -0.08 0.59 | 1.86 0.78

Example: On average, DFT returns 0.29 = 29% more points than MS
for stock data.




Average Selectivity of SOTA techniques relative to MS after Phase 2

Dataset Size n | d | Searchrange | SVD OMNI | DFT | PAA/MEANS
Histograms 15,766 | 256 | 8 0.005-0.2 | 0.49 56.10 | 1.05 0.25
16x16 images | 15,766 | 256 | 8 0.05-2.0 | -0.21 | 160.93 | 6.47 1.40
8x8 images 12,000 64 | 2 0.05-2.0 | 0.21 1.93 | 2.23 0.50
Stock Prices 6,500 | 256 | 8 0.005-0.2 | -0.02 3.33 | 0.14 -0.01
Spectral data 4,435 32 | 4 0.005-0.2 | -0.25 3.16 | 2.21 0.80
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