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Abstract

The exponential growth of sc'entiﬁcb&vledge has intensified the need for
precise information retrieval ]e\gc)mg limitations in traditional databases,

semantic mismatches, and limited
\t% nologies offer opportunities to address
Semantic data representation, knowledge

including data hetero
interoperability. Semantic
these challenges thro
integration, and “wtelligefit information retrieval. This study aims to
identify, classify,and synthesize the main and subsidiary components of
Semantic Web™architecture and technologies applicable to scientific

dataQasesQ\

9{1. Introduction

Scientific databases face increasing challenges in organizing heterogeneous
data and providing accurate, context-sensitive information retrieval.
Semantic Web technologies can improve interoperability, data integration,
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accessibility, and retrieval performance by representing information in a

structured and machine-interpretable form. This study seeks to identify and \
synthesize the components of Semantic Web architecture and technologies \bb\
to provide an integrated basis for designing and implementing semantic n

scientific databases. bl) :

2. Literature Review \ b\
‘I
Previous research on scientific databases has addressed Persian-langu %

l
processing, information retrieval, user information-seeking beha¥io

interface design. Studies on Semantic Web technologies hav med
ontologies, RDF, semantic search engines, digital hbrar§ rnal
management systems, library software, and linked “dat

Existing approaches have employed knowledge gra

based data modeling, linked data, and pre;ra"m%

applications.

external knowledge integration, and
methods. Moreover, the literature_ |

bination of complementary
a coherent synthesis of the
components required for am integrdtcd Semantic Web-based scientific
database. -

|
3. Methodology “ -\

a-synt is followed the approach of Sandelowski and
é‘§stematic search of Scopus, Web of Science, and

This qualitative
Barroso (2006)‘
Google Scholar i

using the Q)tl Appraisal Skills Program (CASP) and Glynn's appraisal
£8l, studies were retained for synthesis. The selected studies were
dly reviewed, and relevant information concerning technologies,

Is, standards, algorithms, strategies, and architectural layers was
y&m cted. Initial coding, concept synthesis, and thematic classification were

conducted iteratively. Four experts reviewed the extracted codes in two
stages to enhance credibility. Of the 168 components assessed, agreement
was observed in 137 cases, yielding a reported Cohen's kappa coefficient of
0.70, indicating substantial inter-rater agreement.

4. Results



The synthesis identified 168 components related to applying Semantic Web
technologies in scientific databases. These components were organized into
six architectural layers and 11 main dimensions:

e Data and Semantic Layer: Knowledge Representation and Modeling;
Natural Language Processing and Information Extraction.

f\s‘-’\\
31) .

¢ Knowledge and Ontology Layer: Ontology Engineering; Knowlexia )
‘I

Graphs and Semantic Databases.
‘I
e Processing and Query Layer: Machine Learning Algorithmw\gglg

Data; Query Languages. b\

e Logic and Inference Layer: Logic; Inference Engiqes‘.
‘I

e Presentation and User Interface Layer: User ce; Information

Visualization. . \?
e Application Layer: Semantic Search and ed Technologies; Security
and Trust; Semantic Web Developme
u

These layers collectively represent t ogression from semantic data
representation and knowledge organizatign to processing, inference, and the

delivery of intelligent informatiomgesnyices.

u
|
5. Discussion and\(‘@ch;ion
‘I
The findings demonstrate ¢hat Semantic Web technologies for scientific
databases can bet st rough three complementary levels: semantic
data and knowle infrastructure; processing, querying, and reasoning

mechanisms; application-oriented services, interfaces, security, and

development frameworks.
u

i frasfructure level, RDF serialization formats, including Turtle, N-
ipl¢S, and JSON-LD, support structured data representation and

W hange. Integrating semantic data with natural language processing and

anguage models can improve information extraction, contextual
understanding, and knowledge generation. Fuzzy logic and rough set theory
can also help address uncertainty, ambiguity, and incomplete data.

At the processing and reasoning level, combining Semantic Web
technologies with machine learning and big data can enhance semantic
retrieval and knowledge discovery. Topic modeling and pretrained



b4

language models, such as BERT, support thematic analysis and contextual
language representation. SPARQL, rule-based languages, and reasoning
frameworks, including Apache Jena and Pellet, can facilitate ontology-
based inference. However, fuzzy ontologies still face challenges involving
standardization, scalability, and evaluation.

At the application level, effective semantic scientific databases require
accurate and interpretable retrieval, interactive interfaces, graphi
knowledge representations, and transparent reasoning mechanis

ontologies, language-processing methods, and reasoning eworks

Accordingly, this study recommends integrating RDF, OWL,gP QL,
within a coherent architecture rather than implementirg t

as isolated

technologies. Future research should prioritize sta
methods for uncertainty-aware ontologiesa elop distributed,
adaptive, and context-aware reasoning approachgs) Overall, the findings

provide a structured foundation for desigiing antic scientific databases
in which data representation, knowle c cessing, inference, and user-

oriented services operate as interconpe components.

Keywords: Semantic Web T_ logies, Components of Semantic Web
Architecture, Meta-Synthes‘@)m%ch,l Scientific Databases
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