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Abstract

[Purpose/Significance] This study explores the construction of a knowledge
graph for extant Chinese historical books and records, aiming to provide
researchers with a one-stop platform for mining the hidden knowledge behind
massive ancient bibliographic data, expanding the connotation of ancient
book knowledge services. Simultaneously, large-scale knowledge graphs of
classical texts constitute an important foundation for machine intelligence.
[Method/Process] Through knowledge graph technology, this research organizes
knowledge of extant Chinese historical books and records across dynasties,
constructs a framework model for classical text knowledge graphs from
three components: requirement layer, model layer, and application layer,
performs classical text data extraction and multi-source data fusion through
human-machine collaboration, completes data collation, and analyzes and
defines entity types and attributes, as well as entity relationships and types
for the classical text knowledge graph. [Results/Conclusion] The constructed
classical text knowledge graph contains 649,549 ancient book entities, 221,783
responsible parties for classical texts, 1,498,383 ancient book versions, and
13,960 geographical nodes, forming a three-dimensional, multi-dimensional,
multi-purpose ancient book knowledge association network that provides a
relatively comprehensive description of the main extant Chinese historical
bibliographic information worldwide.
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Abstract: [Purpose/Significance] This study explores the construction of a
knowledge graph for extant Chinese classical books through the ages, provid-
ing researchers with a one-stop platform to mine the hidden knowledge behind
massive bibliographic data of ancient books, thereby expanding the connota-
tion of ancient book knowledge services. Meanwhile, a large-scale classical
books knowledge graph also serves as an important foundation for machine
intelligence. [Method/Process] Through knowledge graph technology, we orga-
nize the knowledge of classical books and construct a framework model from
three components: the demand layer, model layer, and application layer. Us-
ing human-machine collaboration, we perform classical books data extraction
and multi-source data fusion, complete data organization, and analyze and de-
fine entity types and attributes as well as entity relationships and their types
for the classical books knowledge graph. [Result/Conclusion] The constructed
knowledge graph contains 649,549 ancient book entities, 221,783 responsible
persons, 1,498,383 ancient book versions, and 13,960 place name nodes, forming
a three-dimensional, multi-dimensional, and multi-purpose ancient books knowl-
edge association network that provides a relatively comprehensive description
of the main extant Chinese classical books bibliographic information worldwide.
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Classical bibliographies represent a valuable treasure and serve as a key to un-
locking China’s ancient cultural heritage [1]. As an important component of
philology, classical bibliographies have begun experimenting with new informa-
tion technologies in their development and utilization amidst the wave of ancient
books digitization, where the medium of ancient documents has shifted from
physical forms to electronic, searchable digital formats. China’s bibliography
has a long history, and traditional bibliography and philology face unprece-
dented challenges and impacts. The digitization of ancient books has renewed
the concepts and connotations of traditional philology [2], giving rise to the
concept of digital philology in the modern digital environment [3] and creating
demands for establishing digital bibliographies. Building digital bibliographies
is necessary for protecting and promoting Chinese civilization, enabling users
to comprehensively and systematically understand the Bk£§ of Chinese civiliza-
tion’s development, while also meeting the needs of new documentation and re-
searchers. Classical books knowledge graphs constitute an important component
of ancient books digitization—a semantic knowledge organization and service
model designed for the new information environment. By describing, revealing,
and expressing the knowledge structure of classical books, they achieve the goals
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of ancient books knowledge management and knowledge discovery, satisfying
different users’ needs for knowledge expression and presentation, thereby more
intelligently feeding back to users the basic and extended information about
classical books they require. Classical books knowledge graphs have become
an important component of Chinese ancient books research platforms, provid-
ing foundational data for digital philology research. Establishing a knowledge
graph of extant Chinese classical books is fundamental to ancient books knowl-
edge services and can provide effective assistance for researchers in fields such
as Chinese ancient books, history, philosophy, and linguistics.

2. Current Status of Knowledge-based Development and
Utilization of Classical Book Catalogs

The compilation and indexing of classical book catalogs have been the primary
forms of early classical books development. Zhongguo Guji Zongmu (General
Catalog of Chinese Ancient Books) and Zhongguo Guji Shanben Shumu (Catalog
of Chinese Rare Ancient Books) are typical representatives. With the develop-
ment of computer technology, digital classical book catalogs and indexes have
become the main research direction, with many scholars conducting beneficial
explorations [4-7]. Additionally, there are numerous international studies on
Chinese classical books. In the development and utilization of digital classical
book catalogs, knowledge formalization is an important component. He Lin et
al. [8] and Luo Chenguang et al. [9] proposed ontology-based classical books
knowledge construction, beginning attempts at semantic and knowledge-based
approaches. In 2009, the “Chinese Classical Books Through the Ages Cata-
log Analysis System” developed by Peking University and the National Library
made meaningful attempts, creating an epoch-making classical literature catalog
knowledge service system [10]. Compared with traditional classical book cata-
log applications, this system achieved significant progress, though it still had
many limitations. The constructed classical knowledge units were somewhat
deficient. Although it featured multi-dimensional correlation analysis functions
for responsible persons, responsible behaviors, version characteristics, and bind-
ing features, the lack of supporting linked data for time, space, and various
elements—such as critical compiler information—prevented analysis from more
dimensions. The data granularity was also too coarse for more refined analysis,
limiting the application’s functionality. Therefore, it is necessary to expand
knowledge related to classical books, including person information, time, and
place names, linking, integrating, and aggregating different types and granular-
ities of classical literature content to establish an ancient books knowledge asso-
ciation network. This would achieve functions such as ancient books knowledge
storage, editing, indexing, knowledge mining, and knowledge discovery, meeting
the demand for deep knowledge mining and recreation of classical book content
value [11] to further discover the implicit knowledge within ancient books and
greatly enhance the value of traditional classical book content.

Many scholars have also attempted to develop the “distinguishing academic
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schools and examining origins” function of classical books. Song Denghan et
al. utilized the RDA framework to design an overall description of ancient book
version resources from three levels: norms, bibliography, and collection, aiming
to achieve knowledge clustering functions for textual criticism in the description
of ancient book version resources [12-13]. Deng Zhonghua et al. used ontology
library construction technology to design classes, attributes, and instances for
ancient book version knowledge data [14]. Xia Cuijuan et al. proposed the
concept of “evidence-based ancient books” [15]. The “distinguishing academic
schools and examining origins” function represents only a partial application
of classical book knowledge value; more valuable applications of classical book
knowledge await in-depth exploration.

Overall, current research and development applications for classical book knowl-
edge remain relatively limited. The emergence of digital humanities research
concepts has promoted the integration of humanities disciplines and technol-
ogy, triggering transformations in the construction and development thinking
of ancient books literature databases [16], and bringing new opportunities for
the application and development of classical book catalogs. In the process of hu-
manities research gradually emphasizing “scientific” transformation, knowledge
association, quantitative analysis, and mining represent the development direc-
tion for the deep development and utilization of ancient books literature [17],
providing new concepts and unique creative thinking for the deep development
and utilization of ancient books literature knowledge.

From the perspective of humanities research applications, analysis should be
conducted from temporal and spatial dimensions, including the era of book for-
mation, compilers’ native places, and collection locations. The construction of
large-scale classical books knowledge graphs helps researchers comprehensively
observe ancient book version and format information, understand the evolution
of ancient scholarship, examine version origins, and clarify transmission fx£§. Us-
ing algorithms on the classical books knowledge network enables computational
analysis of academic and social relationships among compilers, mining deeper
levels of cultural development and changes in ancient China. It also allows
analysis of correlations among multiple dimensions such as compilers, compila-
tion time, compilation methods, and version features, further revealing the rich
knowledge hidden behind ancient book data and breaking through traditional
single-data-source statistical analysis patterns. Through ontology knowledge or
rule-based reasoning techniques, implicit knowledge in data can be obtained;
through link analysis, hidden relationships between entities can be discovered;
and through inconsistency detection techniques, noise and discrepancies in an-
cient book cataloging data can be identified. The spatial information visualiza-
tion analysis function of classical book compilers provides new research methods
for spatial environment analysis in literary geography and, more importantly,
offers foundational data services for classical book researchers.

In the tide of ancient books digitization that combines tradition with modernity
and presents both opportunities and challenges, we must preserve fine tradi-

chinarxiv.org/items/chinaxiv-202304.00682 Machine Translation


https://chinarxiv.org/items/chinaxiv-202304.00682

ChinaRxiv [$X]

tions while adapting to the development trends of the digital age. The ultimate
foothold of classical books knowledge services is user service, requiring a com-
plete platform to build a one-stop classical book catalog retrieval system for
scholars [23], helping researchers collect and organize large-scale classical book
catalogs. By continuously meeting various needs of different users, we can ac-
celerate the innovation and upgrading of ancient book literature in content,
technology, and research, construct knowledge bases for various types of clas-
sical book knowledge such as versions, formats, time, geography, persons, and
compilation methods, and provide knowledge graph services, along with vari-
ous large-scale classical book statistics, analysis, data mining, and knowledge
reasoning services. Large-scale classical books knowledge graphs are also the
foundation of machine intelligence.

3. Framework Construction for Classical Books Knowledge
Graph

3.1 Knowledge Requirements Analysis for Classical Books

Classical book catalogs are not only a gateway to scholarship but also impor-
tant materials for examining academic origins [18-19]. Applications centered
on classical book catalogs mainly focus on the textual criticism of ancient book
version origins [20]. Classical book catalogs are closely related to ancient Chi-
nese academic culture, integrating the culmination of ancient Chinese literati’s
classical books. They provide publication information against spatiotemporal
backgrounds, offering clues to the transmission of classical books and providing
another perspective for observing the geographical distribution, composition,
and changes of ancient literati, reflecting to some extent China’s economic and
cultural development and social changes. Through classical book catalogs, one
can deduce the transmission and survival status of classical books through the
ages and infer the evolution of ancient Chinese academic thought, as well as
reflect the ideological culture and academic interests of various dynasties [21].
Compiler information in classical book catalogs serves as an important clue
for studying the academic and social relationships among compilers. In recent
years, classical book catalogs and compilers have become important research ob-
jects in literary geography. Analyzing the geographical distribution of literati
through the ages to understand changes in China’s ancient literary world and
the evolution of ancient scholarship has become an important basis and method
for literary geography research [22].

3.2 Classical Books Knowledge Graph Framework

Knowledge graphs have become a research hotspot in the field of knowledge
organization in recent years, representing a new massive knowledge manage-
ment and service model based on semantic networks [24]. The main purpose of
constructing knowledge graphs is to acquire large amounts of machine-readable
knowledge, forming a networked knowledge structure that enhances associations
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between knowledge units, achieves users’ subject retrieval needs, and truly real-
izes semantic retrieval [25]. In recent years, knowledge graphs have also begun
to be applied in humanities research, particularly in museum artifact knowledge
and intangible cultural heritage organization, broadening the storage dimensions
and data presentation methods of traditional humanities data and achieving ef-
ficient and stable knowledge management. This study uses knowledge graph
methods to construct a knowledge graph of Chinese classical books through the
ages, associating, organizing, and reconstructing scattered classical book data to
reveal the relationships between classical book knowledge units, laying a foun-
dation for knowledge-oriented mining and computation, and helping scholars
discover implicit knowledge.

Classical book knowledge consists of ancient book compiler information, collec-
tion locations, and various classical book catalog metadata. Through effective
combination of fragmented classical book knowledge units, a systematic clas-
sical book knowledge base is ultimately formed. The construction of classical
books knowledge graphs is divided into three parts: the demand layer, model
layer, and application layer (see [Figure 1: see original paper]). From the de-
mand layer perspective, classical books knowledge graph construction should be
demand-oriented, understanding the needs of humanities research. In a unified
system platform, multiple attribute data of research objects are organized in the
form of knowledge graphs to form a new, more effective comprehensive dataset
of the research object or to obtain new implicit knowledge. Analysis and mining
are conducted using three common research dimensions in digital humanities:
time, place, and relationships: analyzing the evolutionary trajectory of classi-
cal books with time as the main thread to reflect the development of classical
literary academic concepts; analyzing and interpreting research objects from
geographical space, including various spatial elements and their structures (com-
binations) and functions; analyzing relationships and structures among works,
compilers, versions, etc., based on the attribute data of research objects. There-
fore, ancient book works, compilers, temporal information, and geographical
information are important components of classical book knowledge, providing
researchers with multiple analysis perspectives including bibliography, time, ge-
ography, persons, versions, and responsibility methods.

The application layer consists of specific application service modules such as
classical book knowledge query, knowledge analysis, and knowledge discovery,
as well as public application service modules. Each application service module
provides specific services: classical book knowledge query mainly serves gen-
eral users’ classical book knowledge retrieval; classical book knowledge analysis
serves domain researchers’ classical book analysis; and knowledge discovery uti-
lizes the reasoning and computational advantages of knowledge graphs to assist
scholars in discovering implicit knowledge within classical book knowledge.
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4. Human-Machine Collaborative Classical Book Data Ex-
traction and Multi-source Data Fusion

4.1 Classical Book Data Extraction and Cleaning

Classical books knowledge graphs primarily provide support for classical book
research. Therefore, the data sources and their accuracy and authenticity are
crucial to knowledge graph construction and form an important foundation.
The classical book data in this study were mainly extracted from domestic and
foreign ancient book bibliography network databases, national census data, pro-
fessional materials from the publishing field, general domain knowledge graphs,
online encyclopedias, and relevant web pages on the World Wide Web, primarily
through data crawling. Crawling classical book catalog data is relatively simple;
by using self-developed collection software and setting corresponding collection
rules for different data sources, the collection of classical book catalogs from cor-
responding data sources can be completed (see [Figure 2: see original paper]).

Since most ancient book websites have reorganized the original cataloging data
when publishing, with most being semi-structured data as shown in [Figure 3:
see original paper], the collected data require varying degrees of cleaning. It
is necessary to extract metadata such as title, dynasty, compiler, and compila-
tion method. A supervised approach is adopted in the classical book catalog
extraction process: first annotating a small amount of data, then performing
machine learning, and finally using the learned model to clean the same type
of data or data conforming to specific relationships. For example: “Du Gongbu
Caotang Shijian Twenty-two Volumes (Tang) Du Fu compiled (Song) Lu! edited
(Song) Cai Mengbi annotated (Qing) Fang Gonghu collated” can be cleaned into
structured classical book data as shown in [Figure 4: see original paper].

Relatively speaking, classical book compiler information is the focus and dif-
ficulty of data extraction. Classical book compilers were extracted from the
compiler entries in the already-extracted classical book data, with 221,783 com-
pilers identified after deduplication. In the constructed classical books knowl-
edge graph, the compiler entity includes attributes such as dynasty, birth date,
courtesy name, alternative name, posthumous name, occupation, native place,
person tags, representative works, achievements, and official position, obtained
mainly through three methods: structured data information extraction (such
as the China Biographical Database (CBDB), Dictionary of Chinese Historical
Figures, and other biographical dictionaries), semi-structured data information
extraction (online encyclopedias), and unstructured data information extrac-
tion (web pages). These three types of data contain rich compiler attribute
information; for example, CBDB contains considerable compiler information.
The entire information extraction process is shown in [Figure 5: see original

paper].
Only a small portion of data from CBDB and Dictionary of Chinese Histor-

ical Figures can match the compilers of ancient books, so most data need to
be supplemented through online encyclopedias and network information. Using
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compilers as keywords for retrieval, compiler information is extracted from ency-
clopedia search pages for supplementation. In encyclopedia websites, compilers
are individual entities, with each entity page providing comprehensive intro-
duction around one compiler. The webpage information structure is relatively
fixed, allowing compiler information extraction through regular expression con-
figuration of corresponding extraction templates. Encyclopedia content quality
is relatively high, making encyclopedia websites the preferred choice for many
knowledge graph constructions. For compilers that cannot be extracted and
matched through structured or semi-structured data sources, search engines are
used to find relevant web pages about classical book compilers. Since too many
web pages are returned, a binary classifier needs to be constructed to deter-
mine whether the returned pages are introductory pages about ancient book
compilers, and finally extract compiler information from those pages. Searching
through online encyclopedias and search engines may result in issues such as pol-
ysemous classical book compilers, inconsistent compiler information attributes,
unsplit multiple object attribute values, and non-uniform numerical attribute
value formats. Therefore, data cleaning, name disambiguation, and data align-
ment are required. Particularly, many modern persons share the same names
as ancient compilers; during processing, simple regular expressions can quickly
determine whether they are ancient book compilers by judging the value range
of birth and death years.

4.2 Multi-source Classical Book Data Fusion

Semantic linking and integration of heterogeneous knowledge resources are core
components of knowledge graphs, requiring research on the association of hetero-
geneous data to transform it into knowledge networks with rich linking relation-
ships. Data fusion involves using certain patterns and methods to synthesize
multiple attribute data related to the same research object, forming a new,
more effective comprehensive dataset that represents the research object. It
integrates single or multi-source data of different categories, eliminates possible
redundancy and contradictions among multi-source information, complements
them, improves the reliability of research object information extraction, and en-
hances data use efficiency. Classical books knowledge graphs are also a project
with highly fused data, containing multiple heterogeneous ancient book catalogs,
person, and geographical data from different libraries’ ancient book cataloging
data, historical literature data, bibliographic materials, research results, and
network data. These multi-source data need to be organized into an integrated
whole and merged to support various research needs for knowledge expression
and presentation. An important step in this process is data fusion, as shown in
[Figure 6: see original paper].

Classical book data fusion mainly integrates structured, semi-structured, and
unstructured classical book data such as ancient book catalogs, person, and
place name data, as well as data from different sources. In classical books
knowledge graph construction, multi-source data fusion mainly includes three
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types: ancient book catalogs, classical book compilers, and place names. An-
cient book catalogs contain important information such as versions, collection
locations, and collection quantities. Due to different sources of ancient book
catalogs and non-uniform cataloging rules, information originally belonging to
the same classical book has some differences after collection, bringing difficulty
to classical book data fusion. This study mainly uses title + compiler to deter-
mine whether they belong to the same classical book; when title and compiler
are consistent, they are classified as the same classical book. Using this method,
over 2.5 million classical book data entries were merged into 649,000+ different
ancient books. Classical book compiler data mainly uses the combination of
name + dynasty for compiler association; data meeting this combination con-
dition are considered the same compiler, and relevant information about the
corresponding compiler is extracted. Additionally, some compilers in ancient
book catalogs use aliases or courtesy names; for example, the name Mohanzhai
Zhuren corresponds to Feng Menglong, requiring mapping through a real name
and courtesy name correspondence table. Place name data fusion mainly needs
to handle changes in place names across different dynasties. Differences in place
name changes across different data sources also lead to mismatches; for example,
the ancient place name Jincheng refers to present-day Lanzhou, Gansu, which
was called Jincheng in the Tang Dynasty, also known as Jincheng Prefecture,
etc. In addition to automatic processing by computers, necessary manual in-
tervention is also essential for data fusion (see [Figure 7: see original paper]).
After extracting and obtaining relevant data from ancient book catalogs, per-
son, and place name data, it is necessary to perform data transformation and
establish structured data based on #i and cleaning, achieving data integration
and aggregation, and establishing a basic dataset. Meanwhile, redundant data
from multiple data sources can be used to reasonably evaluate the accuracy of
the knowledge graph. Redundant information can, on the one hand, improve
the credibility of knowledge points, and on the other hand, provide reference for
subsequent manual editing and verification, helping to eliminate ambiguities in
ancient book works, versions, person names, and place names.

5. Implementation and Application of Classical Books
Knowledge Graph

Classical book knowledge has both material attributes as a physical carrier
recording knowledge content and spiritual attributes as materialized thinking
and solidified knowledge. Therefore, the construction of classical books knowl-
edge graphs must include both the external physical attributes and the internal
implicit knowledge of ancient books, achieving multi-dimensional association
of ancient book literature features to reach interoperability and shared use of
classical book knowledge.
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5.1 Entity Types and Attributes of Classical Books Knowledge Graph

The core of classical books knowledge graphs consists of bibliographic infor-
mation, versions, compiler information, and place name information related to
collection locations and compilers’ native places. Based on the usage scenarios
of classical books knowledge graphs, four entity types are determined: Work,
Person, Version, and Place. The Functional Requirements for Bibliographic
Records defines the concept of a work as abstract, representing unique intellec-
tual or artistic creation; for ancient books, this refers specifically to a classical
book compiled by a compiler, i.e., a specific bibliographic item. A version refers
to various different copies of a book formed through multiple transcriptions, en-
gravings, or other methods; one “work” can correspond to multiple “versions,”
and one “version” can have multiple copies with different collectors. Person
corresponds to the compiler of a work. Place refers to the version collection
location and the compiler’s native place. The entity types of classical books
knowledge graph are shown in .

Attributes are important metadata corresponding to entities in classical books
knowledge graphs. Each work contains attributes such as title, compiler, compi-
lation method, classification, and work formation era. The work formation era
refers to the compiler’s era, generally determined by the death year of the com-
piler [26]; for individual authors, the dynasty can be determined by referring to
their life activities, book completion era, and traditional cataloging. Versions
can be described through engraving time and version type (format), and also
include unique compilers and compilation methods. Person is an important ob-
ject of relationships in classical books knowledge graphs, containing attributes
such as courtesy name, alternative name, birth year, death year, representative
works, achievements, tags, occupation, native place, and index year (generally
selecting the death year as the index year; when the death year is unknown,
selecting the time point of their mentioned appointment or activity events in
literature as the index year). Place mainly contains attributes such as country,
province, city/county, name, and GIS information.

5.2 Entity Relationship Types of Classical Books Knowledge Graph

Entity relationship refers to the relationship between entities within a certain
time period. There are multiple relationships between entities in classical books
knowledge graphs, mainly including relationships between works and compilers,
works and versions, versions and collection locations, and compilers and native
places. There are compilation methods between works and compilers. By an-
alyzing the compilation methods of collected ancient book catalogs, we found
over 2,000 types. For the convenience of research and statistical analysis, it
is necessary to normalize compilation methods. According to the compilation
method requirements in Zhonghua Guji Zongmu Cataloging Rules: “Generally,
record according to what is stated at the beginning of the main text volume;
compilation methods with the same or similar nature as stated in the original
book can be appropriately merged without strictly following the original state-
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ment.” Additionally, the following processing is applied: Compilation methods
such as writing, authoring, narrating, studying, imitating, and discussing are
all classified as “compiled”; Those who compile and organize previous authors’
works are classified as “edited”; Those who collect and arrange previous au-
thors’ works are classified as “compiled”; Those who copy and compile relevant
materials to form specialized books are classified as “compiled and revised”; oth-
erwise, the original compilation method is used to establish the relationship be-
tween works and compilers. The relationship between work entities and version
entities is “work-version,” while the relationship between versions and collection
locations is “collected in,” and the relationship between compilers and native
places is “born in.” Some works are sub-items of other works. Therefore, except
for the multiple relationships between works and compilers, other relationships
between entities are relatively fixed. The entity relationships and types of clas-
sical books knowledge graph are shown in . Entities are connected through
relationships to form the classical books knowledge concept graph (see [Figure
8: see original paper]).

5.3 Implementation of Classical Books Knowledge Graph

Knowledge graphs express “entity-attribute” and attribute values (statement)
using a triple model. Currently, knowledge graph storage mainly includes linked
data, graph databases, and relational databases [27]. After comprehensive com-
parison of the advantages and disadvantages of various knowledge graph storage
methods, this study chose the graph database Neo4j for classical books knowl-
edge graph storage. In Neo4j, knowledge units consist of vertices (Vertex), edges
(Edge), and properties (Property), stored in the form of triple (S, P, O) data.
Therefore, mapping needs to be established between classical books knowledge
concepts and Neo4j storage. In Neo4dj, node types correspond to classical books
concept classes, i.e., nodes are divided into four instance types: Work, Person,
Version, and Place. Each node corresponds to corresponding works, compilers,
versions, and place instances, with each instance’s attributes indicated by prop-
erty names and values. Edges correspond to relationships between instances,
with edge properties indicating the relationship types between entities (see ).
According to the mapping rules from the data model to database data, the
cleaned, fused, and normalized data are converted into corresponding datasets
and imported into Neo4j to implement the classical books knowledge graph (see
[Figure 9: see original paper]).

The final classical books knowledge graph consists of over 2.5 million Chinese
classical books through the ages collected from 743 libraries and research in-
stitutions worldwide, including 649,549 ancient book entities (Work instances),
221,783 responsible persons (Person instances), 1,498,383 ancient book versions
(Version instances), and 13,960 place name nodes (Place instances). These four
types of nodes and their relationships form a massive classical books knowl-
edge graph. The nodes, attributes, and edges form a three-dimensional, multi-
dimensional, and multi-purpose ancient books knowledge association network,
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providing a relatively comprehensive description of the main extant Chinese
classical books bibliographic information worldwide. This offers researchers a
one-stop platform for mining the hidden knowledge behind massive ancient book
bibliographic data, greatly enhancing ancient books knowledge service functions.

5.4 Applications of Classical Books Knowledge Graph

As a foundational knowledge service platform, classical books knowledge graphs
can first provide basic classical book knowledge services for the general pub-
lic, enabling them to understand traditional classical book knowledge through
simple graphs and enhancing cultural dissemination effects.

Second, classical books knowledge graphs broaden the application scope of clas-
sical books. Multi-dimensional classical books knowledge graphs provide ad-
vanced services such as deep knowledge mining and knowledge reorganization
for professional researchers. With classical books knowledge graphs, implicit
knowledge in classical book data can be analyzed. Particularly in ancient book
version comparison and origin examination, classical books knowledge graphs
have significant advantages, enabling quick understanding of multi-dimensional
correlations among version features and binding characteristics. They also allow
analysis of book formation era, collection location, and collection quantity (see
[Figure 9: see original paper]) to obtain quantitative historical distribution of
academic development and research focuses.

Third, classical books knowledge graphs provide rich foundational research data
services for related humanities research. Organized from different knowledge di-
mensions such as ancient book entities, classical book compilers, ancient book
versions, and place name nodes, classical books knowledge graphs describe clas-
sical books from multiple perspectives, providing powerful multi-dimensional
analysis functions for related research. With these data, more in-depth research
can be conducted. For example, compilers of the same ancient book usually
have certain relationships. At the levels of version, edition, impression, and
copy, compiler information in ancient book catalogs serves as an important clue
for studying academic and social relationships among compilers. Quantitative
analysis of this compiler cataloging information can yield numerous relationships
such as academic cooperation, academic inheritance, and social interactions. For
instance, through interactive operations on the cooperation network, other com-
pilers who have direct or indirect cooperation with compiler Wu Jianren can be
discovered (see [Figure 10: see original paper]).

The relationship between literature and geographical environment is interactive.
Analyzing the geographical distribution patterns of Chinese literati through the
ages is an important content of literary geography research, with compilers of
ancient books literature serving as the main subjects of analysis. In traditional
research, studying literature from a geographical space perspective and parsing
spatial information in texts is a complicated task. This classical books knowl-
edge graph contains multi-dimensional data of related literati, enabling ancient
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literary geography research using the native place attribute of compilers and as-
sisting scholars in analyzing the geographical distribution of literati through the
ages. Furthermore, using information such as the formation era of related an-
cient books literature in this knowledge graph, the evolution of ancient Chinese
scholarship can be further examined.

Classical books knowledge graphs represent an attempt at deep development
and utilization of ancient books literature, holding significant importance for
enhancing ancient books catalog knowledge services. Classical books knowledge
graphs can semantically annotate and link these information resources, estab-
lishing knowledge-centered resource semantic integration services.

Knowledge graphs represent a best practice in the field of knowledge engineering
[28]. Their graph-based structure is more conducive to the representation of clas-
sical book knowledge and the association of various knowledge units, facilitat-
ing the storage, retrieval, and knowledge services of classical books. This study
constructed a massive knowledge graph of Chinese classical books through the
ages [29] using four types of nodes—ancient book entities, classical book com-
pilers, ancient book versions, and place names—and their relationships. The
nodes, attributes, and edges form a three-dimensional, multi-dimensional, and
multi-purpose ancient books knowledge association network, greatly enhancing
ancient books knowledge service functions.

This classical books knowledge graph basically completes classical book data ac-
quisition, automatic annotation, and segmentation by computer, and on this ba-
sis, completes information extraction work and data semantic standardization.
However, due to insufficient manual data review, some problems inevitably ex-
ist in the computer processing of data, and data quality needs to be improved
subsequently. Some compiler attribute data also need to be supplemented and
perfected. Meanwhile, the research depth and height of classical books knowl-
edge graphs require further research and exploration; for example, intelligent
question answering and knowledge reasoning functions of classical books knowl-
edge graphs await further in-depth research and development.
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