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Abstract
【Objective】To construct a paper writing tool for semantic publishing, enabling
content structuring and objectification during the writing phase, such that a
paper itself becomes a system that is runnable, interactive, and experiential.

【Methods】Digital object and digital template technologies are employed to de-
compose paper content (metadata, sections, data, rich media, etc.) into different
types of digital objects, which are organized through templates. Interaction is
achieved via an event-triggering mechanism, and editing and presentation are
performed in HTML5 web page format, with storage as an XML structured
document package.

【Results】The DPaper structured paper writing tool has been launched, providing
a series of functions ranging from material collection (cloud notes), digital object
creation, automatic reference indexing, journal layout presentation, to Word
document format conversion. Paper content has achieved objectification and
partial semanticization.

【Limitations】Compared with conventional paper editors, the digital object edi-
tor’s functionality is still incomplete, unable to create objects such as formulas
and graphics, and lacks sufficient typesetting flexibility.

【Conclusion】Using the DPaper writing tool, authors can construct structured
papers that meet the application requirements of semantic publishing during
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the writing stage.
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Abstract

[Objective] This study develops a paper authoring tool for semantic publishing
that enables content structuring and objectification during the writing phase,
transforming each paper into a system that is executable, interactive, and expe-
riential. [Methods] We decomposed paper content (metadata, chapters, data,
rich media, etc.) into different types of digital objects using digital object and
digital template technologies. These objects were organized through templates
and interacted via event trigger mechanisms. The system employed HTML5
web pages for editing and presentation, storing documents as XML-structured
document packages. [Results] The DPaper structured paper authoring tool
is now online at http://idpaper.las.ac.cn, providing a suite of functions from
material collection (cloud notes) and digital object creation to automatic refer-
ence indexing, journal layout rendering, and Word document conversion. Paper
content has achieved objectification and partial semanticization. [Limitations]
Compared with conventional paper editors, the digital object editor’s function-
ality remains incomplete, lacking capabilities to create formulas and graphics,
and offering insufficient layout flexibility. [Conclusions] Using the DPaper
authoring tool, authors can construct structured papers that meet semantic
publishing application requirements during the writing stage.

Keywords: DPaper; Semantic Publishing; Structured Paper; Digital Object;
Authoring Tool

1. Introduction

Digital environments have introduced significant new trends in the morphology
and utilization of academic papers, including content structuring, objectification,
and semanticization. These digital-native paper formats enable computability
and enrichment (incorporating interactive data viewers, graphics/images, charts,
visualizations, and“living equations”), potentially transforming publishing into
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a software model that provides better representation for both authors and re-
searchers while enabling continuous innovation in fine-grained content applica-
tions. Semantic publishing, as an emerging application paradigm, has entered
a rapid development phase in recent years, facilitating easier data integration
between papers, enabling identification and indexing of knowledge objects and
relationships, and incorporating parsing logic and results as organic components
of content publishing. STM’s 2015 technology trends report posits that journal
articles occupy the central position in a “Hub and Spoke”publishing model,
connecting videos, graphics, tables, and various digital artifacts, with data as-
cending to become a primary research object. However, no truly usable paper
authoring tool currently exists to assist authors in generating structured papers
that satisfy semantic publishing requirements during the creation phase.

To address this gap, we developed DPaper (http://idpaper.las.ac.cn/), a struc-
tured paper authoring tool oriented toward semantic publishing. DPaper funda-
mentally transforms paper utilization patterns by achieving content structuring
and objectification during the writing stage, turning papers into software models
where each paper becomes a system that is executable, interactive, and experi-
ential. This approach enables readers to manipulate and reuse authors’research
data, processes, and results. This paper elaborates on the tool’s primary re-
search concepts and system design implementation methods.

2. Related Work

Recent explorations in structured paper research for semantic publishing have
primarily focused on content objectification and semanticization through three
main approaches: paper content modularization, digital object encapsulation
with semantic description, and semantic annotation. Representative models
include the modular paper model and the semantic publishing model. While
semantic annotation constitutes the primary means of literature content seman-
ticization with numerous studies and experiments, this paper does not focus on
that aspect.

The modular paper model, proposed by Kircz, conceptualizes papers as com-
posed of modules defined as information units with unique characteristics and
self-contained conceptual representations. Datasets, images, audio, video, and
other elements are treated as independent yet interactive objects or modules
aggregated into papers, connected into fixed units for communication purposes.
This modular structure enhances reading and publishing efficiency, as demon-
strated in Cell’s paper structure. Applying digital objects to organize disser-
tations represents a typical application of modular thinking, integrating digi-
tal object applications into existing electronic thesis and dissertation systems
while providing METS/XML conversion and import/export functions. The
OpenETD tool exemplifies this approach, serving as both a standalone disser-
tation submission system and a component for institutional repositories using
METS/XML export functionality. In the ProQuest/UMI system, rich media
such as audio, video, and datasets (spreadsheets) are submitted online as sup-
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plementary files with corresponding descriptive information.

In semantic publishing models, Hunter proposed the Scientific Publication Pack-
age (SPP), a new information format for encapsulating raw data, derived prod-
ucts, algorithms, software, text, relevant context, and metadata. SPP enables
scientists to acquire, index, store, share, exchange, reuse, compare, and inte-
grate scientific results. Based on numerous scientific concept models, SPP is
a composite digital object represented as an RDF package, with relationships
between internal atomic objects either explicitly defined through ontology rule
reasoning during metadata acquisition or defined by scientists during SPP de-
scription. The model emphasizes workflow technology as a component of scien-
tific processes for capturing processing step chains that generate scientific data
and derived products, enabling scientists to describe and execute their exper-
imental processes in a reproducible, verifiable, and distributed manner while
tracking error sources and processing defects.

Regarding structured paper editing tools for semantic publishing, no general-
purpose tools currently exist. However, the BioLit project and the SCOPE
(Scientific Compound Object Publishing and Editing System) project have con-
ducted valuable explorations from semantic markup and composite digital object
perspectives. In the BioLit project, Fink et al. developed an XML-based writing
tool using the National Library of Medicine’s Document Type Definition (NLM
DTD) to store standardized, machine-readable publications. This DTD includes
semantic markup and unique identifiers for articles and object content (such as
figures and tables), facilitating integration of open literature and biological data,
tested using the entire PLoS and Protein Data Bank (PDB) corpora.

The SCOPE tool represents an attempt to enable researchers to construct dig-
ital objects themselves, which is the ultimate solution for structured papers in
semantic publishing, as only authors fully understand their specific research
processes, computational methods, experimental materials, data, and results.
SCOPE is a digital content concatenation tool utilizing the OAI-ORE specifi-
cation, designed as a scientific compound object publishing and editing system
to enable scientists to easily create, publish, and edit scientific compound ob-
jects, encapsulating different datasets and resources from scientific experiments
or discovery processes for individual compound object publication and exchange.
However, SCOPE construction examples demonstrate that building composite
objects requires semantic web relationships, making it difficult even for ICT ex-
perts to complete, with usability and practicality challenges that limit current
adoption.

3.1 Conceptual Model for Semantic Publishing Authoring Tools

Current paper writing predominantly employs document editors (such as Word),
where content exists as static composite documents (e.g., Doc/PDF formats)
that are unstructured, non-semantic, and weakly interactive. This makes it
difficult for authors to completely and effectively present their research data
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and processes to readers, while research results remain challenging for peers to
effectively utilize, understand, observe, and verify.

A semantic publishing-oriented paper authoring tool represents a computable,
reusable/verifiable, and interactive paper system with operable, composable,
and publishable content featuring multiple presentation modes. Papers created
with such tools should possess four key capabilities: (1) executability, where
a paper can be published as an application system; (2) digital object repre-
sentation with structured and semantic content; (3) rich media objects that
fully demonstrate scientific research processes and achievements; and (4) in-
dependently executable digital objects that can be combined and customized
to meet semantic publishing requirements. DPaper incorporates the modular
paper model concept in its design.

4.1 Organization of Paper Digital Objects

Paper content is decomposed and described by granularity, with standardized
descriptions referencing METS, Dublin Core, and the Book and Collection Tag
Library version 3.0 developed by NCBI and NLM [Figure 2: see original paper].
By constructing standardized digital paper templates, dissertation content or-
ganization is separated from presentation, transforming academic papers from
static composite documents into configurable, operable, transferable, exchange-
able, and preservable digital object collections. Digital objects are interrelated,
with content organization described using open metadata standards (such as
METS and Dublin Core) and presentation displayed through web formats. For
digital object operations, corresponding processing specifications and interface
standards are established, converting some composite digital objects into inte-
grable microservices.

3.2 System Processing Framework

The DPaper system framework consists of five components [Figure 1: see orig-
inal paper]: (1) digital document representation, which uses description speci-
fications to formulate corresponding digital paper templates; (2) digital object
production, responsible for object data management, object interaction, encap-
sulation, and data conversion; (3) digital document editing, the venue for digital
paper creation, editing, and modification, organizing digital objects based on
paper structure units and assigning semantic tags to objects during editing to
achieve structuring and semanticization; (4) personalized composition of digital
objects in the editor according to templates, with inter-object data associations
presented as web pages for browsing and publishing; and (5) storage of digital
objects and their data as web packages, with structural description information
stored in XML data files for digital document exchange and third-party software
reuse.
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4.2 Communication and Interaction Between Digital Objects

The DPaper system integrates digital object set data loading, processing, editing,
presentation, and storage operations, enabling mutual data invocation between
digital objects where data operations in one object can immediately trigger
state and result updates in another object during editing or execution. This
interaction primarily occurs through event trigger mechanisms, where the sys-
tem notifies corresponding digital objects to update their responses when users
perform certain operations.

DPaper defines multiple response events for digital objects, including create, be-
gin modification, end modification, delete, copy, and erase. The event processing
flow follows: document operation (button/shortcut) → environment processing
→ trigger Before event for permission checking and related operations → trigger
Manager response event → trigger After event → complete event. The data ob-
ject basic event (create, modify, delete) response process is illustrated in [Figure
3: see original paper].

4.3 Semantic Description of Digital Objects

Digital template technology marks corresponding semantic tags for different
granularities of digital objects defined in digital papers, automatically generated
by the system. To reduce editing complexity, the system currently does not
perform more detailed semantic processing of digital object content. In DPaper,
we constructed two types of digital templates using the “Chinese Academy of
Sciences Master’s Thesis”template and the Modern Library and Information
Technology journal paper template. Templates use elements defined in Section
4.1 to mark digital objects of different granularities (such as cover, statement,
title, author, institution, chapters, figures, tables, references, etc.), with specific
definitions for font, size, style, position, composition, and format recorded as
XML files in the system for invocation during paper object editing.

[Figure 4: see original paper] and [Figure 5: see original paper] present semantic
description examples of dissertation cover objects and reference objects, respec-
tively.

4.4 Reuse Mechanisms for Dissertation Digital Objects

DPaper currently provides three reuse modes: data reuse, digital object reuse,
and whole paper reuse.

(1) Data Reuse: Data within digital objects achieves reuse through format
conversion. Data in digital objects such as Dtable, Dchart, and relationship
diagrams can be converted into JSON, CSV, RDF/XML, and other format
data files.

(2) Digital Object Reuse: Data, programs, and library files within digital
objects are encapsulated into independent web packages with access entry points
and object description metadata, capable of running independently in browsers

chinarxiv.org/items/chinaxiv-201711.02025 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.02025


outside the DPaper environment. After copying, objects can be embedded into
other digital papers for reuse.

(3) Whole Paper Reuse: Within the system, DPaper uses three XML files: a
paper structure file recording hierarchical relationships between paper objects,
a data file recording paper metadata and digital object content, paths, and
locations, and a display format file recording display information for various
digital objects in standardized display templates, such as font, size, position,
color, and style. These internal structure files are converted into discrete METS
electronic documents for digital preservation or document exchange, as shown
in [Figure 6: see original paper].

5.1 DPaper Software Composition and Main Functions

DPaper comprises three components: a paper editor, cloud notes, and a Word
plugin [Figure 7: see original paper]. The paper editor is desktop software serv-
ing as the primary platform for structured paper construction, responsible for
paper creation, digital object creation, object content editing, data management,
object management, web preview, and document conversion. Cloud notes facili-
tate material collection and collaborative team writing, enabling note extraction
across PC, mobile, and web platforms with data synchronization. The Word
plugin constructs DPaper structured documents within the Word environment,
enabling conversion between the two document formats.

5.2 DPaper Paper Construction Process

The DPaper structured paper construction process is illustrated in Figure 8:
see original paper, while Figure 8: see original paper shows a screenshot of a
Chinese Academy of Sciences master’s thesis generated using DPaper.

DPaper explores construction methods for structured paper authoring tools ori-
ented toward semantic publishing, designing and implementing a practical soft-
ware system for the entire paper writing lifecycle. Using a digital template
mechanism, papers are represented as three interrelated yet separate structured
files: data, structure, and presentation style, achieving content structuring and
partial semanticization during the writing phase. The introduction of rich me-
dia objects enhances paper operability and reusability, enabling the generation
of Word documents, machine-readable XML documents, or executable web doc-
ument systems according to specific applications. This approach realizes paper
structuring and partial semanticization at the creation source, which is signifi-
cant for advancing semantic publishing.

DPaper still has limitations: its main platform’s conventional editing functions
lag considerably behind Word, cannot create objects such as formulas and graph-
ics, and requires practical validation of whether authors accustomed to Word
and WPS will adapt to this new editing paradigm. Additionally, digital objects
cannot be smoothly invoked between the main platform and Word plugin, re-
quiring stability improvements. Future work will address these issues through
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corresponding system enhancements.
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Abstract: [Objective] We developed a paper authoring tool for semantic pub-
lishing, which makes the article’s content structured and object-oriented. Each
paper is a system with executable, interactive and experiential features. [Meth-
ods] First, we divided the content of each paper (metadata, chapters, data,
media etc.) into objects organized by digital template. Second, these elements
interacted with each other through the event trigger mechanism. Finally, the
paper was modified and presented with HTML5 pages, and then, saved as XML
documents. [Results] DPaper is available at iDPaper.las.ac.cn, which provides
a series of functions such as material collection (cloud notes), digital object
creation, automatic reference indexing, Word document format conversion in
accordance with periodical layouts etc. The paper’s content is object oriented
and partial semantization. [Limitations] Compared to conventional paper edi-
tors, the DPaper’s digital object editor could not create formulas or graphics,
and is not flexible to change layouts. [Conclusions] DPaper could help us com-
pose a structured paper that meets the requirements of semantic publishing.
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Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.
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