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研究成果の概要（和文）：本研究では、機械学習に基づくデータマネジメントについてのクエリ処理を対象とし
て、効率的なクエリ処理手法の開発に関する研究を行った。特に、埋め込みベクトルに対するクエリを効率的に
処理するため、二つの解決策を開発した。1つ目は、2値の高次元ベクトルに対して、ハミング距離制約のある類
似クエリを効率的に回答する。2つ目は、実数値の高次元ベクトルに対して、階層的なグラフ構造を用いて、近
似最近傍探索を行う。また、機械学習の述語を含むクエリの処理を研究し、カーディナリティ推定により高速な
クエリプランを生成する手法を開発した。システムのプロトタイピングと評価を行い、ソフトウェアのソースコ
ードを公開した。

研究成果の概要（英文）：We addressed several fundamental problems of query processing for 
learning-based data management. We developed two solutions to efficient processing of queries on 
embedding vectors: the first works for binary high-dimensional vectors and efficiently returns 
answers for similarity search and join queries with Hamming distance constraints; the second handles
 approximate nearest neighbor search for real-valued high-dimensional vectors by utilizing 
hierarchical graph structures. We studied the processing of queries with learning-based predicates 
and developed methods that generate fast query plans through cardinality estimation. We performed 
system prototyping and evaluation, and released the source codes of our software at GitHub. The 
outcome of this project provides practical methods for learning-based data management and 
contributes to the development of next-generation data management systems.

研究分野：情報科学

キーワード： クエリ処理　ML for DB　高次元データ　類似検索

  ２版

令和

研究成果の学術的意義や社会的意義
本研究の成果は、機械学習に基づくデータマネジメントの実践的な手法を提供し、次世代データマネジメントシ
ステムの開発に貢献する。最先端のデータベース技術を進展させ、機械学習、自然言語処理、コンピュータビジ
ョンなどの関連研究分野やマーケティング、医療などの応用での技術開発に強い推進力を与える。また、日本の
コンピュータサイエンスにおける威信を高め、海外の研究グループとのコラボレーションを促進することにも貢
献する。

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 

Recent decades have witnessed a rapid proliferation of data. In the meanwhile various 

machine learning (ML) models have been developed for a wide range of challenging tasks. A 

recent trend in the database (DB) research area is to utilize ML techniques for DB 

problems, such as entity matching, near-duplicate detection, and query optimization. 

Despite some early attempts from the DB research community, two key questions 

regarding ML for DB are yet to be addressed. First, the execution speeds are not efficient 

for large datasets, hence limiting the applicability of ML methods on large datasets. Second, 

existing ML for DB methods were mainly developed for specific applications (e.g., 

healthcare and product specification) and thus it is difficult to transfer them to other 

application scenarios, even if the underlying models are exactly the same. Consequently, it 

is necessary to develop novel data management methods to cope with the efficiency issue 

from a generic perspective to benefit a wide range of DB problems and their applications. 

２．研究の目的 

This project aims at addressing fundamental problems and designing novel methods to 

improve the efficiency of data management systems that integrate ML methods. Three 

tasks are performed in this project: (1) developing efficient query processing for embedding 

vectors, (2) developing generic blocking techniques to process queries with ML-based 

predicates, and (3) prototyping a system that integrates the proposed methods and 

evaluating it on large-scale datasets. This project is characterized as an exploration in the 

next-generation core DB technology which features ML techniques in a variety of tasks. 

３．研究の方法 

We develop efficient indexing and query processing techniques for embedding vectors, 

utilizing the pigeonhole principle for filtering and hierarchical graph structures for 

indexing. To develop generic blocking techniques, we focus on the processing of conjunctive 

queries of similarity predicates generated through active learning, and design solutions 

that generate fast query plans using accurate cardinality estimation. 

４．研究成果 

A)  (Task 1) We studied the problem of query 

processing for binary high-dimensional 

vectors. We developed a solution that 

efficiently returns answers for similarity 

search and join queries with Hamming 

distance constraints [1]. Answering such 

queries efficiently plays an important role in 

web search, image retrieval, and scientific 

databases. We generalized the pigeonhole 

principle and designed our query processing 

algorithm. As shown in Figure 1, the proposed method (GPH) delivers very promising 

query processing performance and it is 4 - 10 times faster than existing solutions.  

Figure 1. Evaluation of Task 1 (binary 

vectors). 



B) (Task 1) By utilizing hierarchical graph structures, 

we proposed an indexing approach to approximate 

nearest neighbor search for real-valued 

high-dimensional vectors [2]. Such query is used in 

various applications of ML, such as image & video 

retrieval and recommender systems. Figure 2 shows 

that under the same query processing time 

constraint, our method (HVS) improves recall 

rates by 3% - 10% when compared to existing ones. 

In addition, it spends less indexing time than existing methods. 

C) (Task 2) We targeted blocking rules of 

conjunctive similarity predicates generated 

through active learning. We modeled the 

processing of these rules as a query 

optimization problem and developed a deep 

learning-based method that generates fast 

query plans through cardinality estimation [3]. 

As shown in Figure 3, the proposed method 

(CardNet) is up to one order of magnitude faster 

than the traditional method (DB-US) that employs sampling techniques for cardinality 

estimation. We also developed a method that specializes in real-valued 

high-dimensional vectors and improves the accuracy of cardinality estimation [4]. 

D) (Task 3) We finished system prototyping and evaluated the methods developed in this 

project using large-scale datasets. We released the source codes of our software [5, 6, 7, 

8] at GitHub. We reported our discoveries in this project and gave tutorials [9, 10] at 

top-tier academic venues. 

[1] J. Qin, C. Xiao, Y. Wang, W. Wang, X. Lin, Y. Ishikawa, and G. Wang. Generalizing the 

Pigeonhole Principle for Similarity Search in Hamming Space. TKDE, 33(2): 489-505, 2021. 

[2] K. Lu, M. Kudo, C. Xiao, and Y. Ishikawa. HVS: Hierarchical Graph Structure Based on Voronoi 

Diagrams for Solving Approximate Nearest Neighbor Search. PVLDB, 15(2): 246-258, 2021. 

[3] Y. Wang, C. Xiao, J. Qin, X. Cao, Y. Sun, W. Wang, and M. Onizuka. Monotonic Cardinality 

Estimation of Similarity Selection: A Deep Learning Approach. SIGMOD, 1197-1212, 2020. 

[4] Y. Wang, C. Xiao, J. Qin, R. Mao, M. Onizuka, W. Wang, R. Zhang, and Y. Ishikawa. Consistent 

and Flexible Selectivity Estimation for High-Dimensional Data. SIGMOD, 2319-2327, 2021. 

[5] https://github.com/chuanxiao1983/GPH 

[6] https://github.com/chuanxiao1983/HVS 

[7] https://github.com/chuanxiao1983/CardNet 

[8] https://github.com/chuanxiao1983/SelNet 

[9] J. Qin, W. Wang, C. Xiao, and Y. Zhang. Similarity Query Processing for High-Dimensional Data. 

PVLDB, 13(12): 3437-3440, 2020. 

[10] J. Qin, W. Wang, C. Xiao, Y. Zhang, and Y. Wang. High-Dimensional Similarity Query Processing 

for Data Science. KDD, 4062-4063, 2021. 

Figure 2. Evaluation of Task 1 

(real-valued vectors). 

Figure 3. Evaluation of Task 2. 
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