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Introduction

Geo Query example: Search for nearby restaurants

at most 1 km to the current position

at most 300 m to a tram station
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Introduction - Query for nearby restaurants
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Intoduction - Query results
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Introduction - Subquery for Restaurants
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Introduction - Subquery for Tram Stations
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Introduction - spatial join

Table: First spatial join input

?nameRes ?wktRes
UNI Galerie POINT(7.844367

47.994072)

Ristorante Pizze-
ria Bürgerstube

POINT(7.843553
47.994797)

Restaurant in
Hamburg

POINT(53.500000
10.000000)

Table: Second spatial join input

?stationName ?wktTramStation
Stadttheater POINT(7.846133

47.995821)

Erbprinzenstraße POINT(7.845330
47.992305)

Tram Station in
Berlin

POINT(52.500000
13.500000)
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Introduction - spatial join

?nameRes ?wktRes
UNI Galerie POINT(7.844367

47.994072)
Ristorante Pizze-
ria Bürgerstube

POINT(7.843553
47.994797)

Restaurant in
Hamburg

POINT(53.500000
10.000000)

?stationName ?wktTramStation
Stadttheater POINT(7.846133

47.995821)
Erbprinzenstraße POINT(7.845330

47.992305)
Tram Station in
Berlin

POINT(52.500000
13.500000)

Table: Result of the spatial join operation

?nameRes ?wktRes ?stationName ?wktTramStation ?dist
UNI Galerie POINT(7.844367

47.994072)
Stadttheater POINT(7.846133

47.995821)
0.23

UNI Galerie POINT(7.844367
47.994072)

Erbprinzenstraße POINT(7.845330
47.992305)

0.21

Ristorante Pizze-
ria Bürgerstube

POINT(7.843553
47.994797)

Stadttheater POINT(7.846133
47.995821)

0.14

Ristorante Pizze-
ria Bürgerstube

POINT(7.843553
47.994797)

Erbprinzenstraße POINT(7.845330
47.992305)

0.29
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The Spatial Join Algorithm(s)
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The Baseline Algorithm

The Baseline Algorithm:
subResult1 = getSubResultLeft()
subResult2 = getSubResultRight()
result = createEmptyResultTable()
for row1 in subResult1:

for row2 in subResult2:
d = distance(row1.getGeometry(), row2.getGeometry())
if d < maxDistance:
result.add(row1, row2, d)
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The Bounding Box Algorithm - basic idea

Basic idea of the Bounding Box Algorithm

Avoid checking each pair of entries, by using a filter

Put the points of one sub-result in an efficient data structure

Query the data structure with the points of the other sub-result

Check the distance only for the filtered query results

Use a filtering, that guarantees that no results are missed
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The Bounding Box Algorithm - basic idea

Basic idea applied to the example from the introduction

Build the data structure for the tram station

For each restaurant, check only the tram stations, that are in the
same city as the restaurant

Avoid calculating all distances between the restaurant and the tram
stations in other cities
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R-trees

R-trees

Hierarchical tree-like structure

Stores nearby points in a node

The children of a node partition the points of the node

Can be queried using a rectangle, which returns all points, that are
inside the rectangle
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R-trees
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Query box

Given a maximum distance m and a start point

Construct a box large enough to contain all points within m metres of
the start point

Consider the spherical geometry of the Earth
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Query box

Figure: Equirectangular mapping of the earth, source:
https://en.wikipedia.org/wiki/File:Equirectangular projection SW.jpg
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Query box
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Query box

The query box on the sphere

Furthest apart longitude and latitude boundaries intersect line from
start point at 90 degrees

The line length is given by the maximum distance

Calculate furthest apart longitude and latitude

Use the boundaries to create a Cartesian box for the R-tree
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The Bounding Box Algorithm

The Bounding Box Algorithm:
subResult1 = getSubResultLeft()
subResult2 = getSubResultRight()
result = createEmptyResultTable()
smallerRes, largerRes = compareSize(subResult1, subResult2)
rtree = buildRtree(smallerRes)
for row in largerRes:

queryBox = calculateQueryBox(row.getGeometry())
candidates = rtree.query(queryBox)
for candidate in candidates:
d = distance(candidate, row.getGeometry())
if d < maxDistance:
result.add(row, candidate.getRow(), d)
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Evaluation
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Evaluation - Queries on the OpenStreetMap of Germany

Evaluation of the Spatial Join algorithms on the OpenStreetMap dataset
of Germany

Query for university building pairs, that are at most maxDistance
meters apart from each other

Comparison of the baseline and bounding box algorithms

Comparison of the times for the area midpoint approximation and the
true distance calculation

Comparison of total time and time for the spatial join operation only
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Evaluation - Queries on the OpenStreetMap of Germany
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Conclusion

Efficient spatial join algorithm

Integration into the search engine Qlever (infrastructure, tests)

Theoretical analysis, including a proof of correctness

Practical analysis, showing very good performance
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Any Questions?

Thank You!
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Evaluation - Query Box Efficiency

Evaluation of the efficiency of the query box

Synthetic data set with uniform density

Varied max distance, number of points in the R-tree and latitude

Analysis of the ratio nrPointsInQueryBox
nrPointsInRtree

Analysis of the ratio nrPointsInResult
nrPointsInQueryBox
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Evaluation - Query Box Efficiency

Figure: Ratios nrPointsInQueryBox
nrPointsInRtree and nrPointsInResult

nrPointsInQueryBox for a latitude of 10
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Evaluation - Query Box Efficiency

Figure: Ratios nrPointsInQueryBox
nrPointsInRtree and nrPointsInResult

nrPointsInQueryBox for a latitude of 50
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Evaluation - Query Box Efficiency

Figure: Ratios nrPointsInQueryBox
nrPointsInRtree and nrPointsInResult

nrPointsInQueryBox for a latitude of 90
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Evaluation - build R-tree analysis
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Figure: adapted from
https://en.wikipedia.org/wiki/File:Equirectangular projection SW.jpg
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