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Abstract

[Purpose] To leverage the advantages of linked data—including machine readabil-
ity, semantic representation, relational description, and web resource attributes
—to compensate for deficiencies in information organization within academic
resource networks, thereby supporting the discovery of similar literature.

[Method] The Latent Semantic Analysis (LSA) method is employed to calculate
the overall similarity of documents published on academic resource networks.
Hierarchical clustering is utilized to determine similarity thresholds for filtering,
thereby generating a document relationship matrix. Based on this, dynamic
document technology is used to construct linked data for academic resource
networks to support semantic retrieval of related literature.

[Results] Linked data for academic resource networks with a similar litera-
ture query function has been preliminarily implemented, enabling convenient
retrieval of literature highly relevant to any given document and facilitating
efficient discovery of similar literature.

[Limitations] The discovery of similar literature in academic resource networks is
currently realized solely from a statistical perspective; further research is needed
to achieve deeper discovery by leveraging the knowledge structure, semantic
connotations, and organizational methods of document collections.

[Conclusion] The Latent Semantic Analysis method for calculating document
similarity can effectively identify similar documents. Recording associations
between similar literature in linked data supports semantic retrieval to obtain
precise similar literature and can substantially reduce the latency of real-time
similarity computation.
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Using Linked Data to Discover Similar Documents in Aca-
demic Resource Websites
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Abstract

[Objective] This study leverages the machine-readability, semantic representa-
tion, relational description, and web resource attributes of linked data to address
information organization deficiencies in academic resource websites and support
the discovery of similar documents. [Methods] We employ latent semantic
analysis to calculate the overall similarity of documents published on academic
resource websites, determine similarity thresholds through hierarchical cluster-
ing for filtering, generate a document relation matrix, and subsequently utilize
dynamic document technology to construct linked data for academic resource
networks to support semantic retrieval of related literature. [Results] We pre-
liminarily implemented linked data for academic resource websites with similar
document query functionality, enabling convenient access to highly relevant lit-
erature for any given document and facilitating efficient discovery of similar
papers. [Limitations] Our approach discovers similar documents in academic
resource networks solely from a statistical perspective; deeper similarity detec-
tion utilizing document collection knowledge systems, semantic connotations,
and organizational methods requires further investigation. [Conclusions] La-
tent semantic analysis effectively identifies similar documents through similarity
computation. Recording similar document relationships in linked data supports
semantic retrieval to obtain precise results while substantially reducing real-time
similarity calculation latency.

Keywords: Linked Data; Latent Semantic Analysis; Academic Resource Web-
sites; Similarity
Classification Number: G354

Academic resource websites are online spaces where scholars in specific fields
publish academic insights and achievements and exchange ideas, containing ex-
tremely rich disciplinary information resources. Examples include ScienceNet
(www.sciencenet.cn), COS (cos.name), Muchong (emuch.net), and the Chinese
W3C Alliance (w3china.org). These disciplinary information resources emerge
from academic communication, exhibiting strong timeliness, conciseness, and
non-systematic characteristics that require systematic organization to maxi-
mize their academic facilitation functions. Digital resource aggregation con-
structs interconnected, multi-dimensional, and multi-layered resource systems
by strengthening semantics and discovering relationships, forming knowledge
networks that integrate conceptual themes, disciplinary content, and research
objects. This paper adopts the knowledge reorganization concept of clustering
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from digital resource aggregation, conducting semantic mining of internal docu-
ment characteristics in academic resource websites when target digital resource
categories, architecture, and specialized vocabularies are unknown, and reveal-
ing similar documents through relational analysis and linked data construction
approaches.

Related Research Progress

Similar document discovery primarily relies on measuring inter-document sim-
ilarity, with research directions mainly including: (1) document similarity cal-
culation methods based on statistical approaches such as co-word analysis and
vector space models; and (2) semantic similarity calculation methods based on
knowledge system semantic understanding.

Statistical-based document similarity measurement methods primarily calculate
the frequency of main vocabulary from a document appearing in other docu-
ments, offering low-cost, high-efficiency advantages. Notably, when document
collection capacity requirements are modest but measurement precision is high,
these methods can complete calculations without domain vocabulary assistance.
Magerman et al. used text mining technology combining latent semantic analy-
sis and vector space models to evaluate similarity between patents and scientific
publications, manually verifying document similarity relationships to ensure
they weren’ t affected by high-frequency terms, applying term frequency-inverse
document frequency weighting corrections to obtain accurate similarity results.
This analytical process yields the foundational data required for linked data
construction.

Linked Data Technology

Linked data represents a collection of best practices that adopts the RDF data
model, uses URIs (Uniform Resource Identifiers) to name data entities, and
publishes and deploys instance and class data, thereby enabling data revelation
and retrieval through HT'TP protocols while emphasizing data interconnection
and context information beneficial for human and machine understanding. As an
ontology description method, its representation scope includes concepts, concept
hierarchies, properties, property value types, relationships, relationship domain
concept sets, and relationship range concept sets, with rules or axioms addable
to represent more complex constraint relationships at the schema level. Linked
data substantially follows these principles: RDF documents are named with
Uniform Resource Locators (URIs); URIs must conform to Hypertext Transfer
Protocol (HTTP); information pointed to by URIs must be provided in standard
formats (RDF, SPARQL); and published information must contain URIs and
other linked data principles.

Linked data serves as a crucial tool for constructing web knowledge organiza-
tion systems. Its object identification and access mechanisms create favorable
conditions for cross-regional information resource aggregation and traceability
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while providing normative control for various object entities and numerous con-
ceptual terms involved. Through standardized naming and referencing, linked
data strictly limits data semantics and links to numerous related resource enti-
ties, where the “properties” of linked data are themselves resources. Linked data
possesses domain-independent, machine-understandable characteristics that re-
duce resistance generated during data flow and transformation processes through
human-machine or machine-machine interaction, better carrying semantic data
for user access and machine processing.

Framework and Functions for Similar Document Aggrega-
tion in Academic Resource Websites Based on Linked Data

Academic resource websites selectively publish literature according to their dis-
ciplines. Limited by disciplinary hierarchy, coverage scope, and update fre-
quency, these sites only perform simple classification or even uniform collection
without categorization. Users must browse individually to locate needed docu-
ments. Consequently, effectively achieving similar document aggregation and
accurately presenting retrieved similar document sets to users becomes critically
important.

Aggregation Framework

The aggregation framework structure is shown in Figure 1 [Figure 1: see original
paper]. This framework achieves transformation from loosely structured web in-
formation to linked data describing knowledge relationships, ultimately enabling
linked document retrieval and recommendation through three units: (1) Web
Information Extraction Unit extracts literature resources of different types,
periods, and formats within academic resource websites, removing irrelevant
content such as webpage code. (2) Information Parsing and Document
Association Calculation Unit further extracts metadata and disciplinary
knowledge from academic resource website documents, vectorizes them, calcu-
lates similarity between documents, establishes similarity graphs around each
document, and creates conditions for linked data generation. (3) Linked Data
Generation and Retrieval Unit uses academic documents obtained by the
web information extraction unit and document similarity lists from the academic
information parsing and document association calculation unit as foundations.
Through a dynamic document generation system, it generates complete disci-
plinary network information linked data as core retrieval resources, seamlessly
linking with user information retrieval behaviors to provide fast and accurate
linked literature retrieval services, thereby promoting knowledge discovery and
utilization in academic resource networks.

Aggregation Functions

Similar document aggregation in academic resource websites is implemented
through three functions: web document collection and preprocessing, document
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similarity calculation and filtering, and linked data generation and retrieval.

(1) Web Document Collection and Preprocessing

Most literature embedded in academic resource websites resides within webpage
files and requires collection and preprocessing to form a foundational corpus for
further analysis. The process is illustrated in Figure 2 [Figure 2: see original
paper]. Academic resource website document collection includes webpage read-
ing and structure parsing. Webpage reading essentially involves saving target
webpages from the network to local storage through crawlers, offline browsers,
or FTP tools. To display documents in browsers according to preset styles,
both content and format are described through a complete set of markup tags,
with each tag group forming a node. When extracting web document content,
the page framework must first be parsed to accurately select nodes containing
document content. Preprocessing involves cleaning collected webpage node con-
tent by removing redundant page code, format symbols, and other irrelevant
elements, then saving the organized content by document unit for analysis.

(2) Document Similarity Calculation and Filtering

Similar document discovery in academic resource websites depends on calculat-
ing and filtering inter-document similarity. This study employs latent semantic
analysis to compute semantic relationships among literature resources, build-
ing a latent semantic analysis vector space based on the document corpus from
the web information extraction unit to calculate overall document similarity.
Through hierarchical clustering of the document set, we determine a thresh-
old for filtering document similarity to exclude low-similarity documents. After
forming a new similar document list, we write it into linked data to achieve
semantic aggregation of similar literature resources based on linked data. The
document similarity calculation and filtering process is shown in Figure 3 [Figure
3: see original paper].

This process comprises two phases:

Phase 1: Building a latent semantic analysis vector space from the
document corpus. The primary function involves tokenizing and removing
stop words from raw content extracted from academic resource websites, es-
tablishing a document-term matrix, and calculating weights for term frequency
and document relationships. This study uses Term Frequency-Inverse Document
Frequency (TF-IDF) to compute document similarity weights. TF-IDF consists
of two components: Term Frequency (TF) counts term occurrences in a docu-
ment. To prevent weight fluctuations caused by significant frequency differences
for certain key terms across documents, we apply logarithmic scaling to term
weights for individual documents, compressing values to the 0-1 range. Since the
document-term matrix is sparse, we add 1 before taking the logarithm of each
term frequency: TF(t,d) = log(1 4+ f_{t,d}), preventing excessively small final
TF-IDF values that would hinder comparison. Inverse Document Frequency
(IDF) is the ratio of total documents in the collection to the number containing
the current term: IDF(t,D) = log(N/[{d D, t d}|), representing term univer-
sality in the document collection. For document similarity judgment, terms
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appearing in more documents within the collection have lower discriminative
power and importance. TF-IDF is the product of TF and IDF: TFIDF(t,d,D)
= TF(t,d) x IDF(t,D). The document-term matrix is built upon these weights
adjusting the association degree between each document and vocabulary. By
sequentially arranging all n documents under analysis and composing a matrix
according to term frequencies from m terms contained in all literature, we form
an nxm document-term matrix M.

Phase 2: Extracting high-similarity documents depends on overall simi-
larity calculation and similar literature filtering. This study uses latent seman-
tic analysis to compute the semantic structure of processed academic resource
website documents. The document-term matrix M undergoes singular value
decomposition to obtain term matrix, singular value matrix, and document ma-
trix: M = UXV™T. The product of the singular value matrix and document
matrix XV~ T represents the dimension-reduced document space vectors. Docu-
ment similarity can be calculated using the cosine value between two dimension-
reduced document vectors in the vector space; larger values indicate higher
similarity between corresponding documents. After obtaining overall document
similarity, we adopt a similarity threshold selection method based on document
hierarchical clustering. Clustering analysis (or clustering) is the process of divid-
ing data objects into subsets, where each subset is a cluster containing similar
objects while objects from different clusters are dissimilar. Since it can partition
large data collections into groups based on data similarity, it’ s also called data
segmentation. Hierarchical clustering treats each sample individual in the ini-
tial population as a separate class, uses Euclidean distance to evaluate similarity
between classes, and merges the closest classes until clustering requirements are
satisfied. Through hierarchical clustering of the document set, we obtain the
maximum number of documents accommodated in a cluster, which serves as
the basis for intercepting similar literature for each document in descending
similarity order. Taking the median of the obtained similarity value set further
excludes low-similarity documents, yielding a reasonable similarity threshold.

After these two phases, we exclude all low-similarity documents from the original
similarity matrix, obtaining a document similarity matrix that records semantic
similarity degrees among network literature of different types, formats, and
cataloging rules.

(3) Linked Data Generation and Retrieval

The linked data generation and retrieval module writes the filtered similar docu-
ment list into linked data using dynamic document technology. This linked data
need not accommodate all literature from academic resource websites at once
but can incrementally add new document information in real time. For specific
types of literature resources, their unique semantics and semantic associations
can be dynamically added to linked data, enabling customized expansion of core
metadata ontologies to generate disciplinary linked data for particular subject
categories.
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Representation of Similar Resources in Academic Resource Websites

In linked data, representing relationships among academic resources through
similar literature lists is an intuitive and retrieval-friendly method. We de-
fine similar literature resources as a subclass using the equivalence relationship
(similarAs), generating corresponding similar literature lists for each document
resource based on the document similarity matrix. Taking the blog post “From
a Statistical Perspective on Deep Learning (2): Autoencoders and Free Energy”
as an example, its similar literature list is shown in Figure 4 [Figure 4: see
original paper].

Publishing academic resource network information resource semantic association
lists in linked data format can intuitively display full-discipline literature asso-
ciation graphs, enabling easy access to entire disciplinary academic literature
starting from linked data nodes. Users can access external related resources via
Uniform Resource Locators and freely switch between different datasets. Since
related literature is already sorted by relevance degree, simple queries can ef-
fectively reveal inter-resource relationships. Additionally, this approach enables
semantic interoperability such as semantic retrieval.

Case Study: Real Academic Resource Website Data

Using the proposed ontology and linked data-based academic resource network
similar literature aggregation framework, we constructed a demonstrative aca-
demic resource website similar literature aggregation system using R language
to validate our approach.

Data and Preprocessing

We selected 78 editor-recommended documents published on the academic re-
source website “COS”(China of Statistics). Throughout the process, we used the
XML package to extract literature links contained in the “Recommended Lit-
erature” column pages, pre-read the full-text pages of recommended documents
through these links, extracted nodes containing document content, organized
each document separately, and named each document using the final segment
of its URI based on COS website link characteristics. We used the Rword-
seg package (based on ICTCLAS segmentation software from the Institute of
Computing Technology, Chinese Academy of Sciences, which employs a Hidden
Markov Model) to uniformly read these documents for analysis, performing tok-
enization and stop word removal to reduce system resource consumption caused
by meaningless words.

Similar Document Clustering and Discovery

We invoked the lsa package to read each tokenized document as a separate
vector, forming a raw corpus. Due to differences between Chinese and Western
languages, we adjusted the minimum word length to 1 to retain both Chinese
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and Western terms while cleaning the corpus. We converted the cleaned corpus
into a text matrix, which became a document vector set composed of tokenized
terms. When calculating term frequency, we used TF-IDF as a method to
balance high-frequency term weights, established the document-term matrix,
performed singular value decomposition, and visualized the results as shown in
Figure 5 [Figure 5: see original paper].

Figure 5 presents the dimension-reduced document-term matrix after singular
value decomposition, clearly illustrating the relationships among document vec-
tors formed by recommended documents published on the COS academic re-
source website. The concentrated cluster on the left demonstrates the semantic
similarity of COS recommended literature, while eight outlier points scattered
on the right indicate these eight documents are not closely associated with others.
This phenomenon fully reflects that while academic resource websites primar-
ily promote literature with high disciplinary thematic consistency, some gray
literature with weak associations may also exist. Based on this, we calculated
cosine similarity for the dimension-reduced document-term matrix to obtain the
overall document similarity relationship matrix.

To accurately retrieve the most similar documents, we used a hierarchical
clustering-based similarity threshold method. We invoked R’ s proxy package
to implement hierarchical clustering in two steps: calculating Euclidean
distance between documents and performing hierarchical clustering using Ward’
s method (sum of squared deviations). Ward’ s method judges document
clustering based on analysis of variance principles—if classification is reasonable,
within-cluster sum of squares should be small while between-cluster sum of
squares should be large. After calculation and visualization, we obtained the
hierarchical clustering of COS recommended documents as shown in Figure 6
[Figure 6: see original paper].

Figure 6 displays the clustering of all recommended documents. When the height
is set to 0.04, hierarchical clustering yields clusters containing 4 to 29 documents.
To completely preserve high-similarity literature associations, we used the max-
imum cluster size as the initial value for extracting similar documents, then
intercepted high-similarity data from each of the 29 documents. Summarizing
these qualified similarity values and calculating their median yielded a similarity
threshold of 0.6321.

Using this threshold, we further filtered the document similarity matrix data,
retaining all similarity values above the threshold. If a document’ s similarity
with all other documents fell below the threshold, we selected only the single
most similar document as its similar literature. Based on these inter-document
associations, we generated a complete document set’ s related literature list for
each document in descending relevance order.

After generating the related literature lists, we used the dynamic document con-
version tool rmarkdown to embed document metadata and related document
lists into RDF /XML encoding segments to form complete linked data source
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dynamic documents. Through simple format conversion, we obtained linked
data recording similar documents. Using social network analysis and visualiza-
tion tool iGraph, we visualized the document similarity relationships recorded
in the linked data as shown in Figure 7 [Figure 7: see original paper].

In Figure 7, node size correlates with a document’ s similarity to other docu-
ments—more similar documents produce larger nodes. Small nodes with single
connections scattered at the network edges represent the few documents with
low similarity to others (below threshold). Our similarity processing method
maximally preserves these documents’ relationships with others, enabling their
discovery during similar literature retrieval. By publishing linked data online
and applying the “Follow Your Nose” principle—where determining a URI point-
ing to some RDF allows loading the corresponding document—we can quickly
obtain related literature retrieval results for any document in COS.

Linked data implementation offers high flexibility for similar literature recom-
mendation: as the product of document analysis processes, user retrieval targets
linked data directly, requiring only a simple query or inference to obtain results
without comparing queries against each document sequentially, thereby improv-
ing retrieval efficiency. Retrieval results are provided directly by linked data
in URI format, accessible through simple clicks that conform to general user
habits—simple and convenient. Due to the independence of the analysis process,
service interruption is unnecessary when documents change. The system can
complete background analysis to generate new linked data that replaces old data
without disturbing users.

Conclusion

This study employs latent semantic analysis to compute semantics contained
in web documents, using the resulting similarity matrix as the foundation for
generating linked data to demonstrate this method’ s effectiveness in similar
literature discovery. Our linked data construction is relatively simple, primarily
characterizing inter-document similarity and utilizing similarity relationships to
discover new similar literature. We have not yet classified and mined associa-
tion rules for disciplinary knowledge involved in documents. Similar literature
discovery based on objective knowledge systems and structures should better
reflect disciplinary knowledge development trajectories and related literature
association degrees. In subsequent research, we will introduce machine learning
and other methods to perform deep aggregation of academic resource website
literature content and knowledge.
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Using Linked Data to Retrieve Similar Documents from the Academic
Resource Websites

Zhao Yiping, Bi Qiang
(School of Management, Jilin University, Changchun 130022, China)

Abstract: [Objective] This paper studied the linked data from the Web, which
is machine-readable, semantically meaningful and relationally descriptive. We
examined these data’ s effectiveness to improve the information organization of
the academic resource websites (ARWSs), with the purpose of retrieving more
similar documents. [Methods] We first calculated the similarity of documents
published in the ARWs with the help of the Latent Semantic Analysis (LSA)
method. Then, chose documents with high similarities by the Hierarchical Clus-
ter method, and created a document relation matrix. Finally, we used the
dynamic document technology to generate a linked data index to search the
ARWs. [Results] We built a preliminary ARWs linked data index, which helped
us find similar documents more effectively from the ARWs. [Limitations] We
investigated the similar documents retrieval technology from the perspective of
statistical analysis. Therefore, further research is needed to locate similar docu-
ments from various subject areas with the support of deep learning technology.
[Conclusions] We computed documents’ similarity using LSA method to discover
related documents of specific articles. The linked data could help us find more
similar documents, while reducing the waiting time for similarity calculation.
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Note: Figure translations are in progress. See original paper for figures.
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