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Abstract - This study explores the transformative role of
metadata in the management of library resources and services,
particularly within the context of big data. Metadata enhances
data discoverability, indexing, and automation, which, in turn,
improves searchability, analytics, and decision-making
processes. Libraries are facing an explosion of big data, diverse
formats, and evolving user expectations, necessitating a shift in
how metadata is managed. In response, this paper proposes a
theoretical framework for implementing a “metadata lake”
within libraries operating in a big data environment. The
concept of a metadata lake is a novel approach to metadata
management, and this study aligns it with the characteristics of
big data to demonstrate its potential in library systems.
Metadata management in libraries has evolved to fit into the big
data ecosystem, creating opportunities for knowledge discovery,
Al-driven automation, and predictive analytics. By adopting big
data technologies, libraries can enhance access, efficiency, data
transfer and research impact. The metadata lake concept offers
scalability, Al-driven enrichment, and interoperability,
allowing libraries to leverage big data and semantic technologies
to improve the storage, processing, and retrieval of metadata.
The integration of Al-driven recommendations will further
enhance content discovery and user engagement. This paper
highlights the importance of adopting advanced analytics,
linked open data, and semantic technologies in library metadata
management. It presents the metadata lake as the future of
library metadata, ensuring libraries remain adaptable and
capable of contributing to the big data landscape. Furthermore,
future research could explore the use of machine learning (ML)
and natural language processing (NLP) to automate metadata
creation, enrich bibliographic records, and improve
classification accuracy, ensuring that libraries continue to
evolve in line with technological advancements.

Keywords: Metadata Management, Big Data, Metadata Lake,
Library Systems, Artificial Intelligence (AI)

L. INTRODUCTION

Library metadata has traditionally been used for organizing
and managing library resources. Libraries are now facing
significant challenges in metadata creation and management
due to the explosion of big data, diverse formats, evolving
standards, and increasing user expectations. Therefore,
libraries need to evolve their metadata management strategies
to handle vast and diverse datasets efficiently. Libraries
depend on metadata for content management (Boukraa et al.,
2024). Along with traditional library metadata management
(MARC, Dublin Core, BIBFRAME), there is a distinct need
to meet the extensive demands of digital libraries, research
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repositories, and large-scale knowledge systems. While
traditional library metadata management and processing
might not always meet the extreme scale of big data in
domains like social media or IoT, modern digital library
systems and global cataloguing networks increasingly
embody big data characteristics. This paper introduces the
concept of leveraging a “metadata lake” in libraries. While
the exact origin of the metadata lake is not well-documented,
it has gained attention in libraries as a centralized repository
to manage the increasing volume and complexity of metadata
generated by modern and diverse data systems and sources.
Metadata lakes are evolving into artificial intelligence (Al)-
generated catalogues that manage metadata and integrate
with Al and machine learning workflows (Fendy Feng & Shri
Varsheni R, n.d.). The technical architecture framework
introduced in this paper provides a detailed breakdown of
layers, including technology choices and workflows, which
certainly improves metadata management for a big data
environment. This paper highlights that by leveraging big
data tools, Al, and semantic technologies, libraries can ensure
efficient metadata management for better searchability,
interoperability, and user experience.

II. LITERATURE REVIEW

Rousidis et al, (2014) emphasized the importance of
metadata for the long-term sustainability of research data
repositories and explained the data quality problems
associated with metadata. Similarly, Loffler et al, (2021)
highlighted that existing metadata currently poorly reflects
information needs and leads to poor retrieval of relevant data
from a large set of heterogeneous data. To overcome this
scenario, the usage of big data, deep learning, and natural
language processing (NLP) types of artificial intelligence
(AI) technologies is increasing. So far, libraries are positively
approaching the implementation of these technologies for
automatic text understanding and metadata creation (Wang et
al., 2023). Sawadogo et al., (2019) proposed architecture for
textual metadata management using text mining and
information retrieval techniques to extract, store, and reuse
metadata. Attanasio (2022) discussed the awareness of the
importance of quality and richness of descriptive metadata.
Oladokun & Gaitanou (2024) carried out research on shifting
linked open data to library metadata for reformatting and
reusing large and complex data. The study by Boukraa et al.,
(2024) provided valuable insights to the digital library

This is an open access article under the CC BY-NC-ND license

62 (http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://orcid.org/0000-0001-7070-8272
https://orcid.org/0000-0003-4174-6311
http://creativecommons.org/licenses/by-nc-nd/4.0/

Transforming Library Services with Metadata Lakes: Leveraging Big Data and Al for Enhanced Resource Management

community, offering them a technological outlook on
metadata management.

II1. OBJECTIVES

1. To introduce the leveraging of a metadata lake in
libraries.

2. To understand libraries’ metadata alignments with Big
Data characteristics.

3. To propose a theoretical architecture for implementing
a metadata lake in libraries in a Big Data environment.

A. Metadata Lake in Libraries
A metadata lake is an evolution of traditional metadata

management, designed to handle big data scalability, Al-
driven enrichment, and advanced analytics. While traditional

metadata is structured metadata stored in fixed schemas for
organizing and managing data, a metadata lake is a
centralized repository (Himpe C., 2024) that stores, manages,
and processes large volumes of metadata from various
sources in a scalable big data environment. A metadata lake
is a big data-powered, scalable repository that ingests,
processes, and analyzes metadata from multiple sources.
Adoption of a metadata lake in the library field is gaining
traction as library centers seek to manage and integrate
diverse metadata sources more effectively. It allows libraries
to store raw metadata, catalogue records, digital archives,
research data, and multimedia resources without predefined
schemas. Unlike traditional databases, a metadata lake can
handle structured, semi-structured, and unstructured
metadata from various sources, making it ideal for libraries
and information centers in the era of big data. Table I lists the
functional aspects of traditional metadata and metadata lakes.

TABLE I DETAILED COMPARISON OF FUNCTIONS OF TRADITIONAL META DATA AND META DATA LAKE

Functions Traditional Metadata Metadata lake
Predefined Schemas | Yes No
Datatype Structured Structured, Semi-structured/Unstructured
Scalability Limited Highly

Storage & analysis
schema constraints.

In relational databases like MSSQL, MYSQL
catalogues, or meta data repositories with strict

Big data storage like Hadoop, AWSS3,
Google Cloud, Google Big Query environment, No
SQL databases, and distributed file systems.

Purpose interoperability

Data discovery, indexing, classification, and

Scalable metadata storage, Al-driven enrichment, and
big data analytics for large and diverse metadata sets

Processing Approach metadata standards.

Manual or rule-based processing with pre-defined

Uses big data frame works (Apache Spark, Kafka,
Al, NLP) for real-time metadata processing and
enrichment and intelligent discovery.

Data Sources .
journals, and research databases.

Primarily structured metadata from books,

Ingests metadata from structured, semi- structured,
and unstructured sources (e.g., user-generated tags,
Al-generated metadata, linked data).

Metadata Enrichment o
metadata specialists.

Manual tagging and classification by librarians and

Uses AL, NLP, and Machine Learning to
automatically enrich and classify metadata.

Traditional keyword-based search within predefined

Uses semantic search, Al-driven recommendations,

in fixed relational databases.

Search &Discovery metadata fields. and knowledge graphs for intelligent discovery.
. . Basic analytics for metadata completeness and Uses big d ata anal}ftlcs, Al-driven insights, and.meta
Analytics & Insights 7 data quality analysis to track trends, user behaviour,
usage statistics.
and data gaps.
Library catalogues, digital repositories, Al-powered metadata management, large- scale
Use Cases institutional repositories, archival systems research | metadata analytics, metadata standardization across
databases. platforms, smart search & discovery platforms.
MARC record, metadata tags and Dublin Core Storing & analyzing millions of metadata records
Examples - . .
metadata for digital assets. using a big data ecosystem.
Summary Structured, rule-based, manually curated, and stored | Scalable, Al-powered, bigdata-driven, & optimized

for real-time processing, discovery, and insights.

IV. METADATA LAKE ALIGNMENTS WITH
BIGDATA CHARACTERISTICS IN LIBRARIES

Metadata often involves interrelations between resources,
e.g., citations, references, and related works. Handling
multilingual metadata, cross-referencing across databases,
and ensuring interoperability add layers of complexity,
especially with big data. Library Metadata exhibits the
fundamental characteristics of big data, often referred to as
the 5 Vs’. Additionally, library metadata can be considered
a form of big data under certain conditions, depending on the
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‘S Vs’-volume, variety, velocity, veracity, and value-
explained as follows:

1. Volume: Libraries manage vast amounts of metadata for
books, journals, articles, digital collections, and more.
Modern library systems generate and store massive
datasets of metadata records, including bibliographic
records, digital repositories, subject classifications, and
usage logs.

2. Variety: Metadata comes in various formats and
describes diverse resources like text, images, videos,
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and e-resources. Libraries include structured data
(catalogue entries), semi-structured data (Linked Open
Data), and unstructured data (annotations, reviews, and
full-text indexing).

Velocity: Digital libraries update their metadata
frequently, especially with the increasing shift to online
and real-time indexing of new materials. Automated
systems continuously ingest data from publishers,
aggregators, and other sources. This includes

continuous updates in library catalogues, real-time
indexing of digital content, and automated metadata
generation using Al

Veracity: Data quality concerns, such as duplicate
records, inconsistent cataloguing, and variations in
metadata standards.

Value: Enhances resource discoverability, supports
academic research, enables predictive analytics, and
improves library services.

TABLE Il EXAMPLES OF LIBRARY META DATA ALIGNMENTS WITH BIG DATA CHARACTERISTICS

Chargi%ell?iiz?cs Library Metadata Example
'Volume Millions of bibliographic records in systems like OCLC World Cat.
\Variety IMARC records, Dublin Core, subject headings, keywords, user tags, and linked data,
\Velocity IReal-time updates in digital library systems for new acquisitions or changes.
Veracity INeed for high accuracy and reliability in metadata for scholarly use.
Value Metadata enriches discoverability, enhances research, and supports analytics.

V. TECHNICAL ARCHITECTURE FOR IMPLEMENTING METADATA LAKE IN LIBRARIES IN BIG DATA

ENVIRONMENT

A. Prerequisites

Implementing a Metadata Lake in libraries requires
careful strategic planning, infrastructure, and technology
selection. The key prerequisites are mostly related to
technical, infrastructural, and organizational aspects. It
includes certain parameters such as storage, data
ingestion, metadata sources, processing, standardization,
indexing, analytics & visualization, access control and
security, and expertise.

B. Architecture Overview

A Metadata Lake in a big data environment is designed to
handle, process, and analyze large volumes of metadata
efficiently. The proposed theoretical architecture for
implementing a metadata lake in libraries in a big data
environment includes five layers. This architecture
ensures that metadata is ingested, stored, processed,
indexed, and analyzed wusing big scalable data
technologies. Figure.l is a detailed breakdown of each
layer, including technological choices and workflows.

L1. Metadata
Ingestion Layer

Diata Sources
- Library Catalogs (MARC. Dublin Core, BIBFRAME)
- Drigital Repositories (PDFs, Multimedia)
- Research Databases (JSON, XML, CSV)
- Web Scraping (Linked Open Data-Wikidata, DBpedia)
- User-Generated Metadata (Tags, Annotations)

Ingestion Tools for automated importing data and batch

L2 Metadata

Storage Laver

- Distributed Cloud (Hadoop HDF S, Google Cloud Storage)

— - No SQL Databases (MongoDB, Cassandra, Amazon
DynamoDB)

- Graph Databases (INeo 4§ for Knowledge Graphs)

L3. Metadata

- Big Data Processing (Apache Spark. Databricks, Apache Flink)
- AT & WLP for Metadata Enrichment (Tensor Flow, spaCy,

1 Processing & BERT)
Enrichment Laver - Knowledge Graph Integration (Neo 4j. RDF, OWL, Linked
’ Data)

- Schema Mapping & Standardization (Open Refine, Schema org)

L4 Metadata
— Indexing &
Search Layer

Layers of Theoretical framework for Metadata Lake

- Search & Indexing (Elasticsearch, Apache Solr, Lucene)
- Al-driven Semantic Search (OpenAl GPT, Fast Text)

- Graph-Based Discovery (Neo4j, GraphDB)

- APIs for Search Integration (GraphQL, RESTAPIs)

L5. Metadata
= Analytics &
Insights Layer

- Big Data Analvtics {Apache Superset, Tableau, Power BI)
- Metadata Quality & Gaps Analysis (Great Expectations)

- User Behavior Analytics {Google Big Query. Snowflake)

- Al-driven Recommendations (Collaborative Filtering, ML)

Fig.1 Framework Including Big Data Technology Choices and Workflows
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This architecture layout enables scalable metadata
management by leveraging distributed cloud storage like
Hadoop Distributed File System (HDFS), Al-powered
enrichment, and real-time analytics. The key benefits include
real-time structured and unstructured metadata ingestion

Metadata

Creation& Collection
(Cataloging, Indexin,
Tugging, oCR)

(dggregation,Standardization,
DataCleaning, Classifing, AlProcessing, MachineLearning,

NLP, TextMining)

MetadataStorage
(Databases,
Repositories, Cloud,
DigitalLibraries)

Metadata Integration & Linking

from diverse sources. The flexible and scalable storage can
handle massive volumes of data. NLP and Al-driven
metadata enrichment for indexing enables fast retrieval and
discovery and extracts insights using big data analytics.

MetadataProcessing& Analytics

Metadata Utilization in Big Data
(SmarchSearch, User
BehaviorAnalysis, Predictive
Analytics Personalized Services)

(CombiningwithExternal Sources, open Data, APIs,
SemanticWeb, LinkedData ontologies, ControlledVocabularies)

Fig.2 How Big Metadata is Stored, Processed, and Retrieved

Above Figure 2, shows the conceptual technical architecture
assists to overcome the existing system struggles with
metadata inconsistencies, slow search speeds, and lack of Al-
driven recommendations. Al-driven enrichment enhanced
metadata accuracy and improve the metadata quality
(Oladokun & Gaitanou, 2024) (Tani ef al., 2013). Big data
indexing enabled instant search and faster information
retrieval for library users. Link data integration provides the
seamless metadata interoperability across platforms.

VI. CONCLUSION

The term “metadata lake” is a relatively recent concept in the
field of data management, and its application within libraries
is still emerging. A metadata lake is the future of library
metadata management, enabling scalability, Al-driven
enrichment, interoperability, and intelligent search. Libraries
must adopt big data storage, Al metadata processing, and
semantic technologies to transform how metadata is stored,
processed, retrieved, and support decision-making for
acquisitions and resource allocation. Practicing Al-driven
library automation and big data analytics to extract insights
from metadata can improve reading trends, citation networks,
and knowledge graph development. Personalized Al-driven
recommendations boost content discovery and increase user
engagement. As libraries embrace advanced analytics, linked
open data, and interoperability, their metadata not only
resembles but also actively contributes to the big data
landscape. The term “metadata lake” is a relatively recent
concept in the field of data management, and its application
within libraries is still emerging.
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A metadata lake is the future of library metadata
management, enabling scalability, Al-driven enrichment,
interoperability, and intelligent search. Libraries must adopt
big data storage, Al metadata processing, and semantic
technologies to transform how metadata is stored, processed,
retrieved, and support decision-making for acquisitions and
resource allocation. Practicing Al-driven library automation
and big data analytics to extract insights from metadata can
improve reading trends, citation networks, and knowledge
graph development. Future research can be carried out for a
case study on machine learning (ML) and natural language
processing (NLP) applications to automate metadata creation
and processing, enrich bibliographic records, and improve
classification accuracy.
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