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A Spatial Structure Matching Algorithm for Large Spatial-Textual Datasets
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Abstract Many techniques have been proposed to query and search on the massive spatial-textual
data for supporting various location-based services. Traditional spatial keyword query (SKQ) and
the recent spatial pattern matching (SPM), however, cannot accurately capture users’ query
intention on the interested objects and their spatial relations, resulting in a huge number of irrelevant
results. As a result, existing techniques still cannot well satisfy users’ query requirements.
Therefore, this paper proposes a novel query problem-Spatial Structure Matching (SSM), which
allows the user to provide a set of keyword objects and meanwhile define the constraints on both
distance and direction for any two concerned objects. To answer an SSM query, this paper firstly
presents a multi-way join based baseline approach, which decomposes the SSM query into the
keyword matching for each individual object, edge matching for a pair of objects, and aggregation
matching for a set of objects. To improve the efficiency, we further propose a sweep-line based
edge matching algorithm by exploiting the geographic locations of objects to filter out the pairs of
objects that cannot meet distance constraints. In addition, we build an object-connection graph
using the objects that meet all constraints, and transform the SSM query into a subgraph

isomorphism problem, which searches the subgraphs with similar structure as SSM query over
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the object-connection graph. This problem is well solved by adopting a fast subgraph matching

algorithm. Experiments based on four large real-world spatial-textual datasets demonstrate that

the proposed approach significantly outperforms the compared approaches by providing refined

and effective results, while reducing the query processing time by at least 3 times.
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Background

The increasing popularity of location-based services
(LBS) has enabled the accumulation of a huge volume of
spatial-textual data. These data are usually associated with
geographic locations and text descriptions, e. g., point of
interest (POI) categories or users’ reviews. The availability
of such large-scale spatial-textual data can facilitate our daily
life by inspiring a variety of intelligent applications, such as
POI recommendations, tourism planning, and human mobility
analysis.

To support these LLBS applications, various techniques
have been proposed to query and search on spatial-textual
databases. Previously, much attention was paid on the research
of spatial keyword query (SKQ), which returns a set of objects
such that they locate around the query location and meanwhile
cover all the query keywords with a certain cost. Recently,
spatial pattern matching (SPM) query has been proposed to
allow users to query a set of objects, which form a specific
spatial pattern, from the dataset. The spatial pattern defines
the distance constraints between any two keyword objects.

Although SKQ and SPM could find the objects a user
may concern, they are insufficient on accurately capturing the
user’ s intention and usually return a huge number of
irrelevant results, resulting in the poor query efficiency.

Therefore, in this paper we study a novel query problem—
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Spatial Structure Matching (SSM) query, which allows a
user to provide a set of keyword objects and meanwhile define
the constraints on both distance and direction for any two
concerned keyword objects. To answer the SSM query, this
paper firstly presents a multi-way join based baseline method.
Due to its high computation overhead, we further devise a
series of optimizations to improve the baseline. Specifically,
we propose a sweep-line algorithm to efficiently filter out
objects that cannot meet the distance constraints. We then
exploit these retained objects to construct a object-connection
graph, and transform the SSM query into a subgraph isomor-
phism problem by treating the object-connection graph as the
target graph and the spatial structure of the SSM query as the
pattern graph. We adopt a fast subgraph matching solver,
i.e.» VF3, to derive the final query results. Extensive
experiments based on four large real-world spatial-textual
datasets demonstrate that our proposed approach can signifi-
cantly outperform the compared approaches, by reducing the
average query processing time by at least 3.
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