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Abstract
[目的/意义] University libraries exhibit high levels of informatization, yet their ca-
pabilities in data mining and intelligentization remain to be enhanced. Complex
networks utilize graph databases as the carrier for storage and graph queries, en-
abling unified organization and mining of graph-structured data. Graph embed-
ding and graph algorithm technologies, compared to traditional machine learn-
ing methods, can fully mine the implicit relationships within graph-structured
data. This study employs complex network technology to integrate multi-source
data and investigates the role of graph-structured data mining methods, includ-
ing graph embedding technology and graph algorithms, in enhancing the intelli-
gentization level of libraries. [方法/过程] First, data feature analysis and cleaning
are performed based on accessible data. Second, a complex network conceptual
model is constructed according to data features, and network construction and
storage are implemented using Neo4j batch import technology. Finally, the
application of graph algorithms and graph embedding technologies in graph-
structured data mining is explored. [结果/结论] A library complex network is
constructed by integrating multi-source data using a graph structure, with a
graph database serving as the storage medium. Graph algorithms and graph
embedding technologies possess unique advantages in library intelligent applica-
tions such as user profiling analysis, precision recommendation, and intelligent
question-answering.
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Abstract
[Purpose/Significance] University libraries exhibit high levels of informatiza-
tion, yet their data mining and intelligence capabilities require further enhance-
ment. Complex networks utilize graph databases as carriers for storage and
graph querying, enabling unified organization and mining of graph-structured
data. Graph embedding and graph algorithm techniques can fully exploit im-
plicit connections within graph-structured data, offering advantages over tradi-
tional machine learning methods. This study employs complex network tech-
nology to integrate multi-source data and explores the role of graph-structured
data mining methods—such as graph embedding and graph algorithms—in ad-
vancing library intelligence.

[Method/Process] First, we analyze and clean available data based on its
characteristics. Second, we construct a complex network conceptual model tai-
lored to the data features and implement network construction and storage
using Neo4j batch import technology. Finally, we explore applications of graph
algorithms and graph embedding techniques in graph-structured data mining.

[Result/Conclusion] Multi-source data is integrated using graph structures to
construct a library complex network, with graph databases serving as the storage
medium. Graph algorithms and graph embedding technologies offer unique
advantages in intelligent library applications such as user profiling analysis,
precision recommendation, and intelligent question answering.

Classification Number: G254
Keywords: complex network, graph database, graph algorithms, graph embed-
ding, intelligent library
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Introduction
The 13th Five-Year Plan (2016) and the 2017 Government Work Report both
emphasized the need to vigorously develop artificial intelligence [1]. In recent
years, research on machine learning, deep learning, and knowledge graphs has
intensified, with enterprises rapidly following suit. The rapid development of
AI has been driven by improvements in data collection and computing power,
as well as advances in data mining methods such as deep learning and machine
learning. Against this backdrop of big data and AI, library services are transi-
tioning from informatization to intelligence [2]. The comprehensive application
of AI technologies to explore intelligent applications in library services can help
better meet reader needs and improve the efficiency of library resource utiliza-
tion and service effectiveness.
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Libraries have begun using industrial robots for book reception, classification,
and registration [4]. Self-service libraries have been deployed across China.
For instance, the Capital Library has developed a reference consultation robot,
while Shanghai Jiao Tong University Library’s “Xiao Jiao” can provide infor-
mation services and engage in autonomous conversations with readers [5]. In
Dongguan, RFID-enabled mini self-service libraries have been implemented to
provide citizens with 24-hour book borrowing and return services [5]. Although
the level of intelligent application in libraries still needs improvement, these ap-
plications have significantly promoted the efficiency of book resource utilization
and library service levels.

Currently, the level of big data analysis and intelligent application in libraries
struggles to meet user demands for precision recommendation and knowledge ser-
vices [3]. This study combines library big data, uses graph database technology
to construct complex networks, and explores the role of graph algorithms and
graph embedding technologies in intelligent applications such as user profiling,
recommendation systems, and intelligent question answering. The integration
of complex networks, graph databases, graph algorithms, and graph embedding
technologies into library data analysis and mining can help libraries better serve
readers and improve resource utilization efficiency.

1 Research Status
1.1 Library Intelligent Services

Since the 1970s, intelligent technologies have gradually been applied to library
management and services. In 1994, the municipal library of Örnsköldsvik, Swe-
den, pioneered the use of intelligent library systems. Despite high levels of
informatization, libraries face significant challenges in transitioning from in-
formatization to intelligence [6]. On one hand, library intelligent services re-
quire specialized talent and substantial financial support. Professionals skilled
in technical methods are needed to improve library service quality, and the re-
search exploration of transforming libraries from informatization to intelligence
cannot proceed without funding. On the other hand, libraries have deficiencies
in current data collection and service management. Data is the cornerstone of
intelligent applications, and libraries require extensive software and hardware
infrastructure to collect and manage big data. Data collection and usage must
comply with regulations, and user privacy must be protected without infring-
ing upon user rights. As centers for knowledge, learning, and communication,
libraries can achieve tremendous value by employing emerging data mining tech-
nologies and AI methods to enhance service levels and resource utilization effi-
ciency.

1.2 Complex Networks and Graph Databases

Networks are ubiquitous in nature and human society, including social net-
works, the Internet, power grids, and airline networks. Complex network the-
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ory explains these widespread network phenomena and their complexity, typ-
ically exhibiting small-world properties, hierarchical characteristics, and self-
organization [7]. Wu Zhiqin et al. conducted user profiling research for university
libraries based on social network analysis [8]. Feng Lei et al. proposed incorporat-
ing complex network theory into library personalized recommendation services
[9]. Zhao Peng et al. applied complex network features for document keyword
extraction in natural language processing [10]. Zhai Dongsheng et al. utilized
graph databases in patent knowledge base construction [11]. Li Hui et al. stud-
ied trust propagation analysis in complex network environments [12]. Complex
network theory and research methods have broad applications in library digi-
tal resource integration, citation networks, and scientific collaboration networks
[13]. Li Deyi et al. observed that complex network theory has received increasing
attention in research exploring human cognition and thinking mechanisms, with
attempts to construct cognitive models with complex network characteristics to
represent uncertain cognitive processes [14].

Complex networks rely on graph databases for storage and application, with
both data storage structures and query methods based on graph theory. Neo4j,
the most widely used enterprise-level graph database, implements a property
graph model that can describe most graph usage scenarios using nodes and rela-
tionships as fundamental data structures. Graph database-based data analysis
and mining have mature applications in many fields, such as anti-fraud model
research in banking and insurance, social relationship network construction for
relationship recommendations at LinkedIn, and logistics network structure opti-
mization using graph algorithms to reduce transportation costs [15]. As graph
database technology advances, it not only enables the storage of associated net-
works but also integrates numerous classical graph algorithms such as commu-
nity detection, centrality algorithms, and path planning. Graph algorithms fa-
cilitate in-depth analysis and research of network structures. Graph embedding
technology maps nodes in network structures to low-dimensional dense vectors,
further expanding the means of graph-structured data mining [16]. The compre-
hensive use of complex networks and graph databases to integrate multi-source
data enables targeted analysis and mining of associated data, thereby enhancing
library data mining levels and improving intelligent service capabilities.

2 Research Design
Complex networks aim to integrate library borrowing data into interconnected
data networks. Data mining based on associated data networks demonstrates
significant advantages over table storage structures, substantially improving in-
telligent application levels through network structure analysis. The process of
constructing library complex networks involves: (1) determining data bound-
aries and requirements; (2) analyzing features of various extracted data and es-
tablishing data cleaning rules based on the complex network conceptual model;
(3) cleaning data according to established rules while protecting reader privacy;
(4) applying Neo4j batch import technology for node and relationship construc-
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tion; (5) conducting log checks, indexing, and query optimization on the im-
ported graph database; and (6) exploring intelligent applications on the con-
structed and optimized complex network. This process is illustrated in Figure
1 [Figure 1: see original paper].

Complex networks consist of numerous interconnected nodes and relationships.
The underlying conceptual model design determines the network structure,
which should comprehensively consider application scenarios and graph
database performance. This study constructs a complex network integrating
book information data, reader information data, and reader borrowing data.
The conceptual model design follows two principles: first, it must represent
the entire relationship network; second, it must optimize subgraph query
efficiency in the graph database. Neo4j’s underlying storage features include:
(1) nodes and relationships; (2) properties for both nodes and relationships; (3)
nodes with one or more labels, while relationships have only one type; and (4)
directed relationships from one node to another [17]. The network structure
can be abstracted as a network composed of entities such as readers, books, and
authors connected through borrowing and writing relationships. The complex
network conceptual model is shown in Figure 2 [Figure 2: see original paper].

The hierarchical structure of nodes and relationships in complex networks is
illustrated in Figure 3 [Figure 3: see original paper]. The entire complex net-
work comprises nodes (readers, books, authors) and relationships (borrowing,
writing). Each node has properties, primary keys, and labels. For example,
reader nodes store attributes such as student ID, name, gender, college, total
books borrowed, credit status, and reader type, with the student ID serving
as the unique primary key identifier. Nodes can have multiple labels, and each
relationship can also store properties and types. This transformation from table
structure to graph structure data enables full exploitation of graph data mining
advantages in association analysis.

3 Complex Network Construction Process
3.1 Data Sources

The data source for this study is the book borrowing system of Library A, origi-
nally stored in an Oracle relational database. The data tables were designed ac-
cording to existing system workflows, resulting in data separation, redundancy,
and diverse types. This study uses graph database technology to transform table-
structured data into associated network-structured data and conducts analysis
and mining based on graph algorithms and graph embedding techniques. The
data primarily consists of three components: reader information (name, major,
grade, etc.), book information (title, classification number, author, publication
year, etc.), and book borrowing data (time, browsing records, borrowing records,
etc.). The extracted data spans from 2008 to 2018, involving 34 data tables.
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3.2 Data Cleaning

The design of the borrowing network conceptual model fully considers the rep-
resentation capability of the network and query efficiency in practical use (see
Figure 2). Since Neo4j’s underlying storage structure consists of nodes and re-
lationships, the transformation from relational database table storage to graph
storage is necessary. Relational databases involve multi-table operations and
deep queries when describing complex associations, resulting in far lower effi-
ciency than graph queries.

3.3 Complex Network Construction and Storage

The complex network is constructed by transforming the cleaned relational
database data into graph structures according to the conceptual model. Mul-
tiple methods exist for importing data into graph databases, including Cypher
CREATE statements, Cypher LOAD CSV statements, Java API, neo4j-import,
and neo4j-apoc-load. Using the neo4j-import tool to import prepared CSV files
achieves speeds of 120,000 (nodes + relationships) per second with minimal re-
source consumption. The batch import command is shown in Figure 4 [Figure
4: see original paper].

The batch import process took 19 seconds and 949 milliseconds, successfully
importing 715,682 nodes, 1,146,925 relationships, and 2,861,027 properties. Af-
ter completion, a Lib0818.db graph database file is generated in the specified
path. Neo4j integrates a visualization frontend. By starting the Neo4j service,
modifying the configuration file to specify the database location, and entering
the URL (http://localhost:7474/browser/) in a browser, users can connect to
the designated database for querying and visualization operations. The entire
complex network consists of nodes and edges forming a tightly connected re-
lationship network. Based on the conceptual model described in Figure 2, we
extract table-structured data from the Oracle database, conduct feature analy-
sis, clean and organize CSV files, use neo4j-import for batch data import, and
implement query and visualization operations through the frontend page, as
shown in Figure 5 [Figure 5: see original paper].

3.4 Graph Database Optimization

To maximize graph database advantages, data must be more finely partitioned
and deeply labeled. Integrating multi-source data through graph structures
can uncover more information value, with larger datasets revealing more subtle
associations in complex networks. As the carrier for complex network storage
and application, graph databases require optimal query efficiency. Cypher is
Neo4j’s query language, offering both readability and optimal performance. Five
optimization measures are recommended [15]: (1) deep labeling to avoid global
data scanning; (2) introducing indexing and constraint mechanisms (Cypher
statements for complex network indexes and constraints are shown in Figure 6
[Figure 6: see original paper]); (3) avoiding Cartesian product operations and
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unexpected query results; (4) query performance analysis using the PROFILE
keyword to monitor detailed query processing information; and (5) graph model
optimization with clear model definitions for rapid query matching.

4 Complex Network Application Exploration
Complex network technology integrates multi-source heterogeneous data from
different sources and standards for unified management, enabling data mining
to achieve a “1+1>2” effect. Graph-structured data analysis and mining pri-
marily employ two approaches: graph algorithms (e.g., community detection,
PageRank) and graph embedding techniques that map network nodes to low-
dimensional dense vectors, enabling machine learning and deep learning methods
beyond traditional graph algorithms. In library big data, complex networks can
fuse reader personal information, browsing records, and borrowing records for
comprehensive analysis, enhancing system understanding of users, accurately
grasping reader attributes and preferences, and enabling applications in user
profiling, personalized recommendation, and knowledge-based question answer-
ing.

4.1 User Profiling

User profiling is a collection of user information images obtained from mas-
sive data [19]. User profiling research helps libraries accurately understand
reader needs and holds significant value in improving library service quality and
precision marketing [20]. Libraries possess extensive data resources on users,
books, and interactions, enabling the use of data mining technologies to orga-
nize, analyze, and mine data, and construct reader virtual profiles based on
integrated multi-source data [21]. Associated data encompassing more compre-
hensive reader information facilitates precise extraction of user tags and more
accurate reader characterization.

In library contexts, user profiling faces several challenges: data sparsity and sep-
aration, lack of interconnectivity with external data, and data mining methods
that analyze single data sources without fusing multi-source data to leverage
associations. Complex networks connect these “data islands,” integrating multi-
source data for unified organization and analysis to discover associations that
single data sources cannot reveal. Figure 7 [Figure 7: see original paper] illus-
trates the extraction approach for reader user profiling under library data fusion,
where multi-source data includes not only reader personal attributes and book
attributes but also borrowing records and browsing query records generated
from each interaction. Network structures are analyzed and mined using graph
algorithms—community detection algorithms enable user clustering, while cen-
trality algorithms (e.g., PageRank) enable analysis of reader node influence.
In addition to Neo4j’s integrated graph algorithms, open-source libraries such
as APOC can assist in algorithm implementation. Using graph algorithms for
network structure data mining under data association enables more accurate
identification of latent associations and characteristics among readers.
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4.2 Personalized Recommendation

Traditional book recommendation systems primarily rely on collaborative fil-
tering and content-based recommendation. Collaborative filtering recommends
items based on user rating similarity—users who like similar items share similar
preferences—yet most university libraries lack rating data, possessing only bor-
rowing records. Content-based recommendation struggles to achieve dynamic,
personalized recommendation lists due to the relatively stable attributes of read-
ers (major, college) and books (category, classification number) [22]. Personal-
ized recommendation has distinct characteristics in different domains; university
library book recommendation features include: books as recommendation ob-
jects with broad coverage and predominantly professional titles, and a stable
service population of faculty and students with high specialization and easy
clustering [23]. Current university library recommendation systems suffer from
low personalization and insufficient data collection and mining.

Complex network-based book recommendation strategies include: (1) recom-
mendation based on subgraph queries and custom rules, and (2) entity vector-
ization through graph embedding for recommendation based on entity similar-
ity. The rule-based approach offers advantages including real-time dynamic
recommendation, cold start mitigation, flexible rules, good result interpretabil-
ity, and enhanced user experience. Figure 8 [Figure 8: see original paper]
illustrates rule-based complex network recommendation strategies, including
similarity recommendation based on the same author, content-based recommen-
dation through book classification analysis, and clustering recommendation by
discovering reading lists of readers with similar preferences. However, manually
defined rules struggle to adapt to all scenarios and exhibit high computational
complexity in large-scale complex networks, making efficiency difficult to guar-
antee. Graph embedding technology addresses this by mapping network nodes
to low-dimensional dense vectors for recommendation. Many technology com-
panies currently employ graph embedding for large-scale recommendation [24],
with mature algorithms including DeepWalk [24], node2vec [25], SDNE [26],
and LINE [27]. Using graph embedding technology to vectorize nodes enables
various applications through node similarity calculation, with personalized rec-
ommendation being the most typical.

4.3 Intelligent Question Answering

Against the backdrop of advancing AI technologies, question answering systems
form the technical foundation for intelligent library reference consultation ser-
vices [28]. Traditional retrieval uses string matching and ranking algorithms
to display relevant information pages, whereas intelligent question answering
provides direct accurate answers based on question understanding. Knowledge
graphs serve as knowledge carriers and the foundation for question answering
systems. In addition to general knowledge bases like DBpedia, YAGO, and
Freebase, domain knowledge bases feature fine granularity, high quality, and
complex reasoning. Constructing domain knowledge bases from library big data
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and storing knowledge using graph database technology can support intelligent
consultation.

Current question answering system implementations include two primary ap-
proaches: (1) graph matching-based methods that represent semantic relation-
ships in natural language as graphs, transforming natural language questions
into subgraph matching problems [29]. Figure 9 [Figure 9: see original paper] il-
lustrates the knowledge question answering flow based on graph matching using
complex networks as the knowledge base carrier: first, process natural language
questions to extract entities; second, match corresponding question templates
based on entity types and transform the original question into subgraph query
statements; finally, query the knowledge base using the generated statements
and return results to users. Due to diverse natural language grammar and
complex expressions, accurate entity detection via subgraph matching requires
extensive labeled data and manually defined rules, hindering scalability. (2)
Vectorized representation-based question-answer pair matching methods. Vec-
torized node representation applies not only to recommendation but also to
knowledge question answering. QA datasets are prepared to train vectorized
representations of nodes and relationships, mapping answers and questions into
the same vector space. Question-answer matching then requires only similarity
calculation between vectorized representations, without considering question
syntax and semantics. This approach has achieved significant progress in gen-
eral knowledge graph intelligent question answering research [30-31]. Another
implementation method is vectorized representation of graph structures, includ-
ing node vectorization, path vectorization, and subgraph vectorization, using
vector similarity calculation for knowledge question answering. Vectorized rep-
resentations containing more information enable more accurate answers.
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English Abstract
[Purpose/significance] The informatization level of university libraries is
high, but the level of data mining and intelligence needs to be improved. The
complex network uses graph database as the carrier of storage and graph
query to organize and mine graph structure data. Compared with traditional
machine learning methods, graph embedding and graph algorithm techniques
can discover hidden connections in graph structure data. This study uses
complex network to integrate multi-source data and explores the role of graph
data mining methods such as graph embedding and graph algorithms in
improving library intelligence. [Method/process] First of all, this study
clarifies and analyzes the characteristics of the database based on the available
data. Secondly, combined with the characteristics of data, construct a complex
network conceptual model, and use Neo4j batch import technology to realize
network construction and storage. Finally, explore the application of graph
algorithm and graph embedding technology in graph structure data mining.
[Result/conclusion] The multi-source data is combined with the graph struc-
ture to construct the complex network of the library, and the graph database is
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used as the storage medium. Graph algorithm and graph embedding technology
have unique advantages in user image analysis, accurate recommendation,
intelligent QA, and other intelligent applications of the library.

Keywords: complex network; graph database; graph algorithms; graph em-
bedding; intelligent library

Note: Figure translations are in progress. See original paper for figures.
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