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Mining Spatial High Utility Core Patterns under k-Nearest Neighbors
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Abstract  Spatial data mining aims to help people discover and extract valuable patterns and
knowledge from spatial data sets. Spatial co-location pattern mining has always been one of the
important research directions in the field of spatial data mining, intending to find subsets of
spatial features that often appear close together, while spatial high utility co-location pattern
mining takes into account the utility attributes of the features. When measuring the neighbor
relationship between spatial instances, both of the above two mining methods usually require a
user setting distance threshold of d, the efficiency and effect of the mining algorithms are greatly
affected by the distance threshold d. In particular, such algorithms do not work well on unevenly
distributed datasets. In addition, when analyzing the pattern utility in the traditional spatial high
utility co-location pattern mining, users are not interested in the utility value of some features in
a pattern, which should not be calculated into the pattern utility together. Such as when planning
of commercial project around 5A-level scenic spots in China to obtain high-yield returns, the
expected income of the project itself should not include the income of the scenic spots. That is the
spatial high utility pattern obtained by the traditional spatial high utility co-location pattern

mining method is not necessarily reliable. Based on the above problems, this paper introduces the
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k-nearest neighbor relationship into the spatial high utility co-location pattern mining. While
solving the problem of setting the distance threshold, making the neighbor relationship between
spatial instances is more objective and reasonable. Further, the concepts of core elements and
core patterns are defined in the paper. In order to measure the utility of the proposed core pattern,
the core participation instance set of features in a core pattern, the core utility participation ratio
of features in a core pattern and the core utility index of a core pattern are formally defined. The
problem that some feature utilities should not be included in spatial high utility co-location pattern
mining is solved efficiently. Then a general mining framework for spatial high utility core pattern
mining under the k-nearest neighbor relationship is proposed. and a basic mining algorithm is
designed. In the basic algorithm, a grid-based method is used to replace the traditional brute force
method for calculating the distance between spatial instances to obtain the £-nearest neighbor instance
set of the instance, and the method named sequence tree is used to replace the fully joined method
in the traditional spatial co-location pattern mining to quickly collect candidate patterns. In
addition, considering that the utility of the core pattern does not satisfy the downward closure
property, this paper presents four pruning strategies to greatly improve the mining efficiency of
the basic algorithm. The time complexity, space complexity, completeness and correctness of the
algorithm are analyzed. Finally, extensive experimental results on real and synthetic data sets
show that the spatial high utility core patterns mined by this paper method are useful, with the

pruning optimization algorithm being at least 50% better than the basic algorithm under the same
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parameter setting.
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Background

Due to the continuous development of global positioning
systems and the rapid popularization of mobile devices, data
based on location information has exploded. In order to find
useful knowledge from massive spatial data, spatial co-location
pattern mining emerges as the times require. As an important
branch of spatial data mining, spatial co-location pattern
mining is commonly used as a method for exploration,
characterization, and summarization of spatial data. Its main
purpose is to discover the set of spatial features with neighbor
relationships in geographical space. In this paper, we mainly
study the problem of mining high utility co-locations from the
spatial databases. Spatial high utility co-location pattern mining
is developed from classical spatial co-location pattern mining,
which introduces the utility of spatial data to the interested
measurement of spatial co-location patterns. The existing
spatial high utility co-location pattern mining methods can be
divided into two categories; spatial features with utility and
spatial instances with utility.

It is noteworthy that most of the existing mining
algorithms for spatial high utility co-locations are mainly
based on a single distance threshold to establish the neighbor
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based qualitative spatial co-location patterns mining algorithm
//Proceedings of the IEEE International Conference on
Spatial Data Mining and Geographical Knowledge Services.
Fuzhou, China, 2011: 54-59

[25] Agrawal R, Ram B. A modified K-nearest neighbor algorithm
to handle uncertain data//Proceedings of the 5th International
Conference on I'T Convergence and Security (ICITCS). Kuala
Lumpur, Malaysia, 2015; 1-4

[26] Kasemsumran P, Boonchieng E. EEG-based motor imagery
classification using novel string grammar fuzzy K-nearest
neighbor techniques with one prototype in each of classes//
Proceedings of the International Conference on Artificial
Intelligence in Information and Communication (ICAIIC).

Fukuoka, Japan, 2020 742-745

WANG Li-Zhen, Ph. D, professor, Ph. D. supervisor.
Her research interests include spatial data mining, interac-
tive data mining and big data analytics.

WANG Xiao-Xuan, Ph.D. candidate. Her current
research interests include spatial database and data mining.

XIAO Qing. M. S.. lecturer. Her research interests

include data mining and its applications.

algorithm more sensitive to distance threshold and poor
stability. Considering the rationality and effectiveness of
k-nearest neighbor (£-NN) in the construction of neighbor
relationships between spatial instances, in this paper, we
introduce £-NN into spatial high utility co-locations, and it
can be used to measure the neighbor relationships between
spatial instances more reasonably. At the same time, combined
with the actual situation, we propose the concepts of core
elements and core patterns under £-NN relationships.
Additionally, two spatial high utility core pattern mining
algorithms are designed and optimized. For uniform and non-
uniform distribution of spatial data sets, the mining methods
have good scalability.
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In recent years, the authors have been committed to the
research of spatial data mining, and have made some
achievements. In this work, we focus on spatial high utility
co-location mining, and propose the related concepts and the

efficient algorithms to mine spatial high utility co-locations.





