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　論文内容の要旨

Spatial applications are becoming increasingly important in our daily lives.
For instance, people can easily find their way to a railway station in a foreign city with mobile map
applications.
These applications process a large amount of queries to meet users’ needs every day.
Fast responses to queries are crucial for providing good user experiences.
Therefore, efficient query processing is always in demand for spatial applications.
Estimating a query’s result size, known as the cardinality estimation, plays a significant role in
query scheduling, optimization, and processing.
For example, query optimization generates optimized query plans based on the estimated cardinality of
subqueries.
Accurate and fast cardinality estimation substantially improves query efficiency.

Recently, with the advancement of machine learning technologies, many learned methods have been
proposed for cardinality estimation.
Generally, they have shown greatly improved performance compared with traditional methods like
histograms.
However, existing methods cannot keep accurate and fast estimations facing following challenges
brought by spatial data.
(i) Complex data distribution: Spatial data are generally multi-dimensional and tend to have a
complex data distribution.
Some existing methods adopt complex neural networks to approximate the data distribution, resulting
in large inference times.
(ii) Frequent data updates: Data updates are frequent in spatial applications.
It is challenging for learned methods to keep a good accuracy on a frequent-updated data
distribution.
Designing an efficient updating strategy remains an open question for current learning models.
(iii) Variable data size: Complex spatial data types like polygons have variable sizes.
A polygon consists of a variable number of vertices.
Therefore, a set of polygons has a large range of possible data sizes.
Existing learned solutions cannot handle input data of variable sizes efficiently.

In this thesis, we focus on fast and accurate learned cardinality estimation for spatial data, and
address the above challenges.
This thesis consists of five chapters.
We introduce the research background and issues for learned cardinality estimation in Chapter 1.

In Chapter 2, we investigate cardinality estimation in the one-dimensional case.
We note that the latest proximity query processing methods benefit from learned models (indexes) and
have shown better performances than non-learned indexing approaches.
Specifically, we address the one-dimensional cardinality estimation problem and consider light-weight
learning methods.
We first design a prototype of a learned method for one-dimensional cardinality estimation.
Second, we empirically evaluate the learned method together with existing methods.
Then, we analyze the strong and weak points of these methods and find that the proposed learned
method is promising and has the potential for the spatial data case.

In Chapter 3, we focus on dynamic spatial data and propose SAFE (Sampling-Assisted Fast learned
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cardinality Estimator).
Dynamic setting assumes frequent data updates, which brings challenges for the task of cardinality
estimation.
The estimation methods are expected to be update-friendly and keep fast estimation.
Facing these challenges, we specifically develop a sampling strategy that uses a quad-tree-based data
partitioning and extracts a small subset to enable fast training of cardinality estimation models.
In addition, we employ two-tier regression models to approximate the spatial data distribution while
achieving accurate and fast cardinality estimation.
Furthermore, we provide an incremental model update strategy to avoid re-training all models from
scratch when we receive updates.
We conduct experiments on real and synthetic datasets, and their results demonstrate that SAFE (i)
outperforms state-of-the-art cardinality estimation models for spatial data and (ii) efficiently
handles data updates while ensuring accurate and low-latency estimation.

In Chapter 4, we present PolyCard, a learned cardinality estimator for intersection queries on
spatial polygons.
Polygons are the most representative spatial objects and cardinality estimation for polygons has not
been well studied.
The commonly used bounding box approximation is intrinsically inaccurate.
Existing learning methods cannot be applied to polygons directly due to the variable sizes of
polygons.
We develop an adaptive sampling method to transform polygon data to a fixed size, which considers the
spatial distribution of the coordinates belonging to a polygon, and successfully apply learning
techniques to spatial polygons.
We propose a training data generator to provide training data distributed over the data space and
covering different cardinalities.
Our experiments on four real-world datasets of millions of polygons demonstrate the efficiency and
effectiveness of PolyCard.

In Chapter 5, we conclude this thesis and discuss our future work.
Our proposed methods can achieve fast and accurate cardinality estimation for spatial data and can
further accelerate query processing.
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