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Abstract: This review paper presents a comprehensive analysis of the evolving landscape of
data exchange, with a particular focus on the transformative role of emerging technologies
such as blockchain, field-programmable gate arrays (FPGAs), and artificial intelligence
(AI). We explore how the integration of these technologies into data management systems
enhances operational efficiency, precision, and security through intelligent automation
and advanced machine learning techniques. The paper also critically examines the key
challenges facing data exchange today, including issues of interoperability, the demand for
real-time processing, and the stringent requirements of regulatory compliance. Further-
more, it underscores the urgent need for robust ethical frameworks to guide the responsible
use of AI and to protect data privacy. In addressing these challenges, the paper calls for
innovative research aimed at overcoming current limitations in scalability and security.
It advocates for interdisciplinary approaches that harmonize technological innovation
with legal and ethical considerations. Ultimately, this review highlights the pivotal role of
collaboration among researchers, industry stakeholders, and policymakers in fostering a
digitally inclusive future—one that strengthens data exchange practices while upholding
global standards of fairness, transparency, and accountability.

Keywords: data exchange; intelligent automation; artificial intelligent; blockchain;
data security

1. Introduction
A comprehensive understanding of modern data management is essential in today’s

complex and interconnected digital landscape. This encompasses the entire data lifecy-
cle, including generation, acquisition, storage, processing, and eventual utilization [1].
Grasping these components underscores the critical importance of efficient data exchange
in ensuring the accuracy, reliability, and accessibility of information across systems and
platforms [2]. Furthermore, such foundational knowledge facilitates an exploration of the
historical evolution and underlying principles that have shaped current data exchange ar-
chitectures [3]. By analyzing these dimensions, we will be better equipped to contextualize
contemporary advancements and critically assess ongoing developments in the field [4].

Despite the crucial role of data exchange, particularly in the early stages of data
management, there is a notable deficiency in comprehensive analysis within the academic
literature. This lack of expertise is especially pronounced in areas such as big data, real-time
processing, and cloud computing, where the complexities of data exchange are rapidly
evolving and most significant [5]. The scarcity of detailed scholarly discussions on the
intricacies of data exchange and its impact on data quality highlights a pressing need for
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thorough investigation, particularly in sectors like healthcare, finance and scientific re-
search, where accuracy, efficiency, and data security are paramount. Therefore, the primary
motivation for this review is to address this evident gap in the comprehensive academic
analysis [6]. Given the rapid evolution and increasing complexity of data exchange, there is
an urgent need to explore these areas in depth. By focusing on advanced technologies such
as blockchain, Field programable gate array (FPGA), and AI, we aim to provide a detailed
evaluation of current practices, identify key challenges and propose solutions to improve
the efficiency and security of data management systems [7].

Rather than limiting the scope to a single emerging technology, this study deliberately
adopts a comparative lens to explore how multiple innovations—including blockchain,
FPGA-based hardware, zero-knowledge cryptography, and AI—jointly address the evolv-
ing challenges of data exchange. To provide a focused and actionable review, this paper cen-
ters on three key enabling technologies in modern data exchange systems: blockchain, field-
programmable gate arrays (FPGAs), and artificial intelligence (AI). Each technology is ana-
lyzed in terms of its contribution to enhancing interoperability, scalability, and security in
data management systems. Blockchain ensures data integrity and traceability in decentral-
ized systems, FPGA-based hardware enables low-latency, high-performance data process-
ing, and AI supports automation and predictive analytics in dynamic data environments.

Then, this paper aims to address the existing gap in scholarly literature by presenting
a comprehensive analysis of the processes and technologies that underpin modern data ex-
change. Particular emphasis is placed on the critical stages of the data lifecycle—generation,
storage, and processing—as foundational components that shape the effectiveness of data
exchange systems. In doing so, we provide both the necessary theoretical grounding
and historical context that have influenced the evolution of contemporary data exchange
technologies, thereby facilitating a more nuanced understanding of their current state. We
evaluate a range of cutting-edge tools and protocols with the potential to revolutionize
data exchange, examining their practical effectiveness and identifying persistent chal-
lenges such as data security, transfer latency, interoperability, and the real-time handling of
large-scale datasets. Ultimately, the core objective is to investigate how these innovations
can overcome existing limitations and contribute to enhancing the efficiency, reliability,
and security of modern data administration practices. In summary, this review presents
a holistic exploration of the evolving landscape of data exchange by examining a broad
spectrum of interrelated themes. These include advanced data processing techniques—such
as FPGA-based architectures—secure and decentralized frameworks through blockchain
and IoT integration, and the application of artificial intelligence for intelligent automation.
It also addresses key systemic challenges, including interoperability, scalability, and regula-
tory compliance, while highlighting emerging innovations like edge computing, real-time
analytics, and privacy-preserving mechanisms such as zero-knowledge proofs. By linking
these technological domains with practical implementations in sectors such as healthcare,
finance, and industry.

The remainder of this paper is organized as follows: Section 2 presents the main theo-
retical background. Next, Section 4 presents the literature findings. Finally, Sections 5 and 6
show the discussion and the concluding remarks.

2. Background
2.1. Main Definitions

For the sake of clarity and consistency throughout this work, we define several key
terms that underpin our discussion:
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– Data Exchange: The process of transferring data across various systems, platforms,
or organizations. This involves not only the physical transmission of data but also the
transformation and integration of formats, protocols, and system architectures [8].

– Intelligent Automation: The application of advanced technologies—such as Artificial
intelligence (AI), Machine learning (ML), and Robotic process automation (RPA)—to
automate complex tasks traditionally performed by humans. The core aim is to
enhance operational efficiency and productivity [9].

– Blockchain: A decentralized digital ledger system that records transactions across
multiple nodes. It ensures transparency and data integrity, especially in contexts
where mutual trust between parties is limited [10].

– FPGA: A field-programmable gate array is an integrated circuit that can be configured
post-manufacturing. It is often employed in specialized hardware applications to
optimize data processing capabilities [11].

– Data Integrity: Refers to the accuracy, consistency, and reliability of data throughout
its lifecycle. It is vital to maintain unaltered and dependable data within databases or
other data structures [12].

– Data Privacy: Involves the appropriate management of data in accordance with
relevant data protection laws and ethical guidelines. This is particularly important
when handling personal or sensitive information [13].

– Interoperability: The ability of heterogeneous computer systems and software appli-
cations to seamlessly exchange and utilize information. It is a critical requirement for
efficient and effective data sharing [14].

2.2. Data Exchange Evolution

The history and evolution of data exchange have been characterized by notable tech-
nology advancements that have fundamentally transformed the way data is exchanged
and utilized across many platforms and industries. At first, the transfer of data was done
manually, using tangible mediums like paper documents and magnetic tapes. This process
was both time-consuming and susceptible to mistakes. With the emergence of computers
and the Internet, Electronic data exchange (EDI) became widespread, enabling a more effi-
cient and streamlined exchange of information [15]. The advent of databases and network
computers in the latter part of the 20th century greatly eased the flow of data in real-time
or near-real-time, hence improving the capacity to conduct commerce and research on
a worldwide scale [16]. Then, cloud computing emerged at the turn of the millennium,
offering scalable and adaptable options for storing and exchanging data. This technology
greatly reduced the obstacles for data-intensive processes. In recent times, there have been
significant developments in blockchain and machine learning that have tackled security
and automation concerns. These breakthroughs have introduced new ways of ensuring the
accuracy of data and improving the complexity of data exchange procedures. Each of these
technical advancements has played a role in creating a society that is more interconnected
and reliant on data, paving the way for the next wave of breakthroughs in managing and
organizing data [17].

Of note, effective data exchange enables businesses to leverage large datasets, thereby
enhancing decision-making, gaining customer insights, and driving innovation. In health-
care, efficient data sharing is vital for improving patient outcomes, integrating Electronic
health records (EHR) across diverse systems, and supporting telemedicine. In the financial
sector, secure and rapid data exchange is essential for real-time transaction processing, risk
management, and regulatory compliance [18]. Additionally, in scientific research, data
exchange promotes collaboration and accelerates discovery by allowing researchers to
share findings and access extensive databases globally. The growing Internet of Things
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(IoT) network heavily relies on seamless data transmission between devices to automate
and optimize processes in smart homes, industrial environments, and urban development.
Furthermore, data exchange is crucial in the field of artificial intelligence and machine
learning, where large and diverse datasets are necessary for developing accurate models.
Efficient and secure data transmission not only fosters innovation and competition but
also supports governance and sustainability initiatives by providing essential insights into
environmental, social, and governance issues [19].

In particular, crucial technologies that enable the transfer of data are essential in
today’s interconnected digital economy. Networking protocols such as Transmission
Control Protocol/Internet Protocol (TCP/IP) form the foundation for data communication
via the internet. They guarantee the secure and efficient transmission of data packets
between devices and locations. Database management systems (DBMS) are essential for the
storage, retrieval, and administration of data across networks. Structured Query Language
(SQL) and Not Only Structured Query Language (NoSQL) databases are used to handle
organized and unstructured data, respectively [20]. Application programming interface
(API)s, or Application Programming Interfaces, are essential in facilitating communication
and integration across different software systems. They accomplish this by establishing the
specific methods and data structures that programs can utilize to connect with one another.
Also, cloud computing systems, such as AWS, Google Cloud, and Microsoft Azure, provide
adaptable and versatile settings for storing and sharing data. These platforms support a
wide range of services, including data hosting and comprehensive enterprise solutions [21].

Besides, Blockchain technology plays a crucial role in maintaining the integrity and
security of data in decentralized networks. It offers a transparent and tamper-proof system
for conducting data transactions. In addition, data serialization formats such as JavaScript
Object Notation (JSON), Extensible Markup Language (XML), and Protobuf streamline
the transfer of data between various systems by establishing a standardized method for
encoding and decoding data. Edge computing is becoming increasingly important as it
processes data in close proximity to its source, resulting in reduced delays and bandwidth
usage in large-scale IoT operations, and improved capacities to share real-time data [22].

2.3. Main Issues

Despite notable advancements in data exchange technologies, modern data manage-
ment continues to face a range of complex challenges that hinder seamless and secure
data sharing. One of the foremost concerns is data security and privacy. The increasing
frequency and sophistication of cyber-attacks threaten both the integrity and confidentiality
of data. To mitigate these risks, organizations must continually update their cybersecurity
strategies to defend against breaches, ransomware, and other malicious threats—especially
in sectors handling sensitive data, such as finance and healthcare [23].

Interoperability remains another persistent hurdle. Discrepancies in data formats,
standards, and system architectures across organizations often obstruct smooth integration
and exchange. Achieving effective communication between disparate systems typically de-
mands substantial effort in data transformation, normalization, and semantic alignment [24].
Moreover, data quality is also a critical issue. Inaccurate, incomplete, or inconsistent data
can significantly undermine decision-making processes and lead to operational inefficien-
cies [25]. Ensuring high-quality data requires rigorous validation, cleaning, and governance
mechanisms—activities that can be resource-intensive but are indispensable for reliable
analytics and system performance.

Compounding these challenges is the need to maintain regulatory compliance [26].
Stringent frameworks such as the General Data Protection Regulation (GDPR) in the Eu-
ropean Union and the California Consumer Privacy Act (CCPA) in California impose
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comprehensive rules on data privacy, storage, and transmission. Navigating these regu-
latory landscapes demands meticulous attention to compliance practices to avoid severe
legal and financial consequences. Also, as data volumes grow exponentially, scalability
becomes another critical concern [27]. In particular, efficiently managing vast datasets
without degrading system performance requires the adoption of scalable architectures and
advanced processing technologies.

Finally, the rise of applications requiring real-time data sharing—such as real-time
analytics and IoT ecosystems—has intensified the demand for faster, more responsive tech-
nologies. These applications rely on instantaneous data access and processing capabilities
to deliver timely insights and actions, underscoring the urgent need for infrastructure that
supports low-latency, high-throughput data exchange [28].

2.4. Automation and Data Sharing

The integration of AI and automation into data exchange systems has profoundly
transformed the way data is managed, processed, and secured. By automating complex
operations such as Extract, Transform and Load (ETL), AI significantly reduces human
error and accelerates data workflows. Machine learning algorithms further enhance appli-
cation performance through dynamic optimization, continuously adjusting configurations
based on real-time performance metrics to improve resource utilization and operational
efficiency [29]. AI-driven automation also plays a pivotal role in maintaining data qual-
ity, enabling the real-time detection and correction of anomalies to uphold data integrity.
Predictive analytics powered by AI facilitate proactive decision-making, allowing organiza-
tions to anticipate trends and respond more effectively to changing market conditions [30].
Additionally, advanced AI models enhance security by embedding intelligent anomaly
detection into data transmission protocols, ensuring early identification and mitigation of
potential threats.

Beyond operational enhancements, AI is revolutionizing regulatory compliance by
automatically tracking legislative updates and adjusting data handling procedures accord-
ingly. This proactive compliance management reduces the risk of regulatory breaches
and associated penalties [31]. Collectively, the adoption of AI and automation not only
refines existing data exchange practices but also lays the groundwork for more intelligent,
responsive, and secure data ecosystems capable of addressing the complexities of modern
digital infrastructures.

Likewise, legal compliance, ethical considerations are gaining prominence, particularly
in ensuring that data management practices uphold principles of fairness, transparency,
and non-discrimination. Heightened awareness of bias in AI algorithms—especially in
automated decision-making—has spurred calls for ethical AI development, emphasizing
the need for accountable, explainable, and unbiased systems [32]. This is especially critical
in sensitive domains like healthcare and finance, where ethical lapses can have profound
societal consequences. Lastly, the dynamic nature of technological innovation demands that
organizations not only comply with existing regulations but also remain agile in adapting
to evolving legal standards and societal expectations. Staying informed and responsive to
this shifting landscape is vital for fostering public trust, achieving sustainable compliance,
and ensuring responsible data exchange practices [33].

3. Research Methodology
The research methodology employed in this study is grounded on a systematic and

well-defined approach to ensure reliability, reproducibility, and analytical depth. Our
methodology adheres to the principles of the Systematic Literature Review (SLR) as defined
by [34]. This review was performed in accordance to the PRISMA (Preferred Reporting
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Items for Systematic Reviews and Meta-Analyses) guidelines. The complete study selection
process is illustrated in the PRISMA flow diagram (see Figure 1).
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Databases (n = 348)
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New studies included in review
(n = 102)

Reports of new included studies
(n = 0)

Figure 1. PRISMA 2020 flow diagram showing the study selection process.

To ensure methodological clarity, we adopted a structured Systematic Literature Re-
view (SLR) framework. Initially, a total of 348 records were retrieved from the selected
databases. After applying the inclusion and exclusion criteria, 102 papers were retained
for detailed analysis from 2020 to 2024, covering application domains such as healthcare,
finance, logistics, and cloud computing. The selection process prioritized peer-reviewed
journal articles and conference proceedings published in English. A summary of the
four-phase review protocol is presented in Table 1, and Table 2 shows the thematic distri-
bution of the reviewed papers, highlighting key areas such as blockchain, data privacy,
and healthcare applications.
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Table 1. Summary of the Systematic Review Process.

Phase Description

1. Planning the Review

Defined the review scope and objectives, formulated research
questions, and established inclusion/exclusion criteria.
Targeted studies published between 2020–2024 in English.
Followed the guidelines proposed by Keele [34].

2. Article Retrieval

Searched IEEE Xplore, ACM Digital Library, and SpringerLink
using terms such as “data exchange”, “blockchain in data
processing”, “AI in secure data sharing”, and “FPGA for data
handling”. Snowballing was applied to capture additional
relevant studies.

3. Screening and Eligibility
Removed duplicates and screened 313 articles by title, abstract,
and full text. Applied PRISMA 2020 framework (Figure 1).
Retained 102 eligible studies for full review.

4. Data Extraction and Analysis

Reviewed each article to extract methodological details,
challenges addressed, and domain relevance. 92 studies were
classified thematically (Table 2) and 74 by problem area
(Table 3). Quality assessment ensured analytical rigor.

Table 2. Distribution of Selected Papers by Topic.

Topic Number of References

Blockchain and Distributed Ledger 16
Data Privacy and Security 14
Healthcare and Medical Data 10
AI and Machine Learning Applications 9
Ethical and Legal Frameworks 9
IoT (Internet of Things) 7
Big Data and Analytics 7
Zero-Knowledge Proofs 6
Cybersecurity 5
FPGA-Based Acceleration 5
Digital Food Systems 4

Table 3 further classifies the selected studies according to the main challenges ad-
dressed, such as interoperability, scalability, security, and regulatory compliance. This
issue-based classification enables a clearer view of research concentration and existing
gaps. To enhance clarity and comparative depth, we include a dedicated table (Table 4)
summarizing the main technological paradigms discussed in this review, providing an
overview of their respective strengths, limitations, and regulatory profiles.

Tables 2 and 3 refer to subsets of the 102 studies included in the systematic review.
While the article contains 168 references, only 102 were selected for formal analysis; the
rest support methodological or contextual discussions (e.g., [1,3,34]).

Among the 102 reviewed studies, 92 were classified thematically (Table 2), and 74 were
mapped to specific problem areas (Table 3). The remaining studies lacked a clear alignment
with the predefined categories and were excluded from the tables to maintain consistency.
Note that categories are not mutually exclusive, and a single study may appear in multiple
groups. These distinctions are now clarified to avoid confusion.
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Table 3. Classification of Selected Papers by Addressed Problems.

Problem Addressed Number of Papers

Interoperability and Standardization 14
Scalability and Performance 11
Data Security and Privacy 23
Real-Time Processing 9
Regulatory Compliance 10
Ethical and Governance Aspects 7

Table 4. Comparison of Emerging Technologies for Data Exchange.

Technology Security Scalability Latency Regulatory Compliance

Blockchain High Medium High Strong (e.g., GDPR-ready)
FPGA-Based Systems Medium High Low Low
Zero-Knowledge Proofs Very High Low High Very Strong
IoT Architectures Low Very High Medium Weak
AI-Driven Solutions Variable High Medium Medium

Hence, the process is structured in four key stages:

– Planning the Review: A detailed protocol was established to define the scope and
objectives of the study. This included the formulation of research questions, selection
criteria for inclusion and exclusion, and the identification of databases and keywords
for the search. The protocol aimed to address critical aspects of data exchange systems,
including methodologies, tools, challenges, and emerging trends.

– Conducting the Review: A comprehensive search was conducted across multiple
academic databases, including IEEE Xplore, ACM Digital Library, and Springer-
Link, targeting publications from 2020 to 2024. Keywords such as “data exchange”,
“blockchain in data processing”, “FPGA for data handling”, and “AI in secure data
sharing” were used to retrieve relevant articles. Additionally, snowballing tech-
niques were applied to identify key studies cited in the primary sources, ensuring
broader coverage.

– Data Extraction and Synthesis: The selected studies were critically evaluated to
extract relevant data on methodologies, tools, frameworks, and challenges. Each
study was cataloged using reference management software, allowing for consistent
organization and traceability. The extracted data was systematically synthesized to
identify common trends, gaps, and innovative solutions in the field of data exchange.

– Quality Assessment and Validation: Each study was assessed against predefined
quality metrics, including methodological rigor, relevance to the research objectives,
and contribution to the field. To enhance validation, findings were cross-referenced
with related works and corroborated through domain expertise.

The reviewed articles were thematically classified into categories including: Blockchain
and Distributed Ledger (16), Data Privacy and Security (14), Healthcare and Medical Data
(10), Ethical and Legal Frameworks (9), among others. This classification supports the
identification of overrepresented and underexplored areas in the current research landscape.
This dual classification—by topic and by problem—helps identify both saturated areas and
those warranting further exploration.

The subsequent sections elaborate on the insights derived from this structured analysis
and discuss their implications for advancing the state-of-the-art in data exchange systems.
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4. Technological Approaches to Data Exchange
In this chapter, we explore how contemporary technologies such as Blockchain, FPGAs,

and AI are shaping the mechanisms of data exchange. These paradigms are discussed in
detail regarding their architecture, operational logic, and use cases in secure and scalable
data transmission environments.

4.1. Technology and Infrastructure

We emphasize the innovations that drive data management systems by investigat-
ing sophisticated solutions such as FPGA-based data processing and the integration of
blockchain with IoT. The discussions also encompass the difficulties in upholding real-time
data settings and the pivotal importance of interoperability and standardized infrastruc-
tures in guaranteeing smooth data transmission. The purpose of this exploration is to
provide insight into the fundamental technologies that improve the ability to handle data
and increase operational efficiency.

FPGA-based Data Processing: Key research in the subject have highlighted the
substantial milestones achieved in the storage and handling of large-scale data through
recent improvements in FPGA-based data processing [35]. Nevertheless, whereas these
technologies offer the potential for enhanced efficiency and accuracy, they also present
significant problems that must not be disregarded. These obstacles encompass intricacies
in execution and the requirement for consistent standards that may effortlessly integrate
into current information technology ecosystems. For instance authors in [36] present a
revolutionary paradigm for creating FPGA-based accelerators. This framework is crucial
for intelligent storage systems that involve data filtering and transformation in key-value
stores. The paper by [37] explores the use of FPGA-based SmartNICs to improve the
performance of read-intensive workloads in ordered key-value stores. The importance
of ensuring real-time data freshness guarantees in key-value stores is emphasized by the
study conducted by [38], which highlights a growing focus on enhancing data integrity
in these systems. The paper by [39] introduces a novel approach to FPGA-offloading,
which demonstrates significant enhancements in performance compared to conventional
CPU-only configurations. In [40] the authors investigate caching strategies on FPGAs in
the blockchain field to improve the efficiency of key-value stores. The study demonstrates
significant advancements in both performance and efficiency. In addition, the paper [41]
presents a sophisticated data structure specifically developed for LSM-tree-based key-
value stores. The objective is to improve the efficiency of read operations and reduce
read amplification. A representative application of FPGA-based acceleration is found in
real-time packet classification systems, where FPGAs are used to process incoming data
packets with deterministic low latency. These systems enable rapid filtering and routing
decisions, essential in high-throughput networks. Similarly, in ETL (Extract, Transform,
Load) pipelines, FPGAs have been applied to offload and parallelize tasks such as format
conversion, compression, and deduplication, thereby significantly improving throughput
and reducing processing delays in large-scale data integration workflows.

These studies collectively highlight a growing inclination towards advanced hardware-
level data processing, which is a crucial element in the initial phases of the data lifecycle.

Blockchain and IoT Integration: The symbiotic relationship between blockchain
technology and the Interplanetary File System (IPFS) in data exchange is gaining recognition
in current research across all disciplines. The paper by [42] introduces a novel architecture
that integrates blockchain and IPFS in an electronic medical record system. This design
effectively tackles the intricate issues related to medical data sharing and enhances safe
and efficient data management in sensitive domains such as healthcare. The paper by [43]
presents a framework that utilizes blockchain technology to enable monetization of IoT
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data. The system demonstrates its effectiveness in facilitating decentralized sharing of
IoT data and implementing smart contracts. Authors in [44] propose a revolutionary
solution that combines Permissioned Blockchain and IPFS to provide a safe decentralized
storage system that overcomes the limitations of centralized solutions. The paper by [45]
investigates the utilization of Ethereum’s smart contracts in conjunction with IPFS for the
purpose of keeping personal health information. The study emphasizes the effectiveness of
this approach in managing personal data within the healthcare sector. In the field of IoT
logistics, the study conducted by [46] presents a model that combines blockchain with IoT
technology, specifically using IPFS, to securely store and monitor logistics data in real-time.
This model aims to overcome major issues faced by IoT logistics systems. In addition,
the article [47] presents a web application that combines blockchain technology and IPFS to
facilitate data exchange in smart crop production.

These studies highlight the growing significance of blockchain and IPFS in several
industries, demonstrating their promise in enabling secure, efficient, and decentralized
data transmission.

Advanced AI Frameworks: Recent approaches such as BlockASP [48] integrate model
checking techniques within blockchain-based systems to verify smart contracts and ensure
traceable, compliant data flows. This enables formal reasoning about policy enforcement
in decentralized data environments. BlockASP is a model checking framework designed
for blockchain systems, integrating aspect-oriented programming (AOP) to verify the
correctness of smart contract behaviors. It enables static analysis of contract logic and
runtime verification of execution flows, ensuring that data exchange rules comply with
formal security and integrity policies. This is especially useful in scenarios involving
programmable compliance, such as automated regulatory enforcement in decentralized
applications [49]. Another notable example is the use of AI-powered aspect-oriented
programming (AOP), where large language models (LLMs) and statistical learning are
employed to monitor and adapt runtime data behaviors. These systems can dynamically
enforce policies, detect anomalies, and adjust workflows in cloud-based data exchange
environments. By embedding AI into AOP modules, systems gain contextual awareness
and self-regulation capabilities [50]. Similarly, AI-powered AOP [51] enhances runtime
monitoring using large language models and statistical learning, supporting proactive
adaptation to shifting regulatory contexts and workload profiles.

These AI-enhanced frameworks demonstrate the emerging convergence between
formal verification methods and intelligent automation in secure data exchange. Their
integration enables auditable, adaptable, and regulation-aware infrastructures that are
particularly well-suited for real-time and cloud-based environments. The integration of
formal verification (via model checking) with blockchain mechanisms, as seen in BlockASP,
represents a significant step toward intelligent governance in data infrastructures. This
allows for proactive error detection, auditable logic validation, and improved trust in
decentralized data workflows. This approach aligns with the current shift toward intelligent
and self-adaptive data governance, allowing runtime policy enforcement without human
intervention. It enhances both observability and compliance in dynamic data pipelines,
especially under changing workloads or regulatory conditions.

Interoperability and Standardization: The latest research highlights the persistent
difficulties and advancements in the compatibility and standardization of data exchange.
The article by [52] examines the main obstacles and possibilities for enhancing compatibility
between various healthcare participants, with a specific emphasis on technological, orga-
nizational, and environmental aspects. The article by [53] focuses on the urgent problem
of interoperability in healthcare informatics, specifically examining how Structured Data
Capture (SDC) can help handle the complications, particularly in the context of oncology
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data. Ref. [54] examines the adoption of Fast Healthcare Interoperability Resources (FHIR)
by Health Level Seven (HL7) and the difficulties it presents in achieving semantic interop-
erability, as well as addressing concerns related to security and privacy. The article by [55]
evaluates the current status of APIs in the healthcare industry. It highlights the difficulties
in accessing and exchanging data using APIs, as well as the possibilities for enhancing
their capabilities to allow for data writing. The examination conducted by [56] sheds light
on the obstacles and deficiencies in attaining inter cloud interoperability, emphasizing the
necessity for strong standards and procedures to provide seamless compatibility. The article
by [57] emphasizes the need to address issues related to accessing and sharing data in this
field. The authors propose the LOTUS effort as a solution to promote the standardization
and open dissemination of referenced structure-organism pairs. Recent AI-driven interoper-
ability frameworks have adopted semantic metadata mapping and ontology-based schema
matching to address heterogeneity in data exchange. These techniques enable systems to
automatically align and interpret structurally distinct data models. For example, semantic
AI engines can identify conceptual overlaps across datasets using probabilistic reasoning
and entity embeddings, facilitating integration in dynamic and distributed environments.

These discussions demonstrate the urgent and continuous requirement for better
compatibility and standardization across different sectors, especially in healthcare. In this
field, the incorporation of advanced technological solutions and strict standards is crucial
for improving the efficiency and security of data exchange systems. Additionally, semantic
mapping and automated schema alignment have emerged as essential tools in overcom-
ing structural heterogeneity across data platforms, improving integration efficiency and
reducing manual intervention.

Enhanced Data Management: Table 5 presents a wide range of data management tools
that are classified based on their specific applications in different industries. This classifica-
tion emphasizes the important roles these tools play in enhancing operational efficiency,
ensuring security, and meeting regulatory requirements. Apache Kafka is particularly
strong in the Real-Time Data Management area, where it stands out in handling extensive
data streams in the banking and telecoms industries. This allows for instant data analysis
and decision-making. Redis and similar tools improve the efficiency of processing data
quickly, which is important in industries like e-commerce and gaming where it is necessary
to optimize transaction processing and user engagement. Data integration platforms like
Apache NiFi and MuleSoft simplify intricate data workflows, which are crucial in govern-
ment and retail sectors to guarantee data coherence and availability. In the field of Data
Security, tools such as Cisco SecureX and IBM Guardium offer strong security measures to
safeguard sensitive information from potential threats in corporate and healthcare indus-
tries. In the Predictive Analysis and Machine Learning category, platforms such as Google
Cloud AI Platform and SAS Viya 3.5 utilize sophisticated machine learning algorithms to
convert data into actionable insights. These platforms provide notable benefits in retail and
financial services by improving predictive capabilities and operational intelligence.

This thorough study enhances comprehension of how each tool aligns with its opera-
tional ecosystem, assisting organizations in choosing the most suitable solutions to tackle
their unique data management difficulties.
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Table 5. Tools for Real-Time Data Management and Data Integration.

Category Tool (Reference) Key Features Applications in Industries

Real-Time Data Management Apache Kafka [58] Real-time streaming • High-throughput • Fault-tolerant Telecommunications, Finance
Redis [59] In-memory • Low latency • Message broker E-commerce, Gaming
Amazon Kinesis [60] Scalable • Real-time • Analytics-ready Log analysis, Media monitoring
Confluent Platform [61] Kafka-enhanced • Secure • Manageable Recommendation systems, IoT

Data Integration Talend [62] ETL • Cloud/on-premise • Transformations Healthcare, Finance
MuleSoft [63] API-based • Multi-environment • Connectivity Retail, Financial services
Apache NiFi [64] Visual flows • Routing • Real-time Government, Cybersecurity
Dell Boomi [65] Low-code • Visual workflows • iPaaS Education, Healthcare

Data Security Symantec Data Loss Prevention [66] Data protection • Monitoring • Prevention Corporate IT, Legal
IBM Guardium [67] Threat protection • Monitoring • Compliance Finance, Healthcare
Cisco SecureX [68] Unified visibility • Threat response Corporate, Critical infrastructure
Palo Alto Networks Prisma Access [69] Cloud-delivered • Remote access • Secure Healthcare, Government

Predictive Analysis and Machine Learning Google Cloud AI Platform [70] End-to-end ML • Scalable • Deployment Retail, Technology
Microsoft Azure Machine Learning [71] Cloud-based • Workflow management • Scalable Healthcare, Finance
SAS Viya [72] Advanced ML • Unified platform • Analytics Retail, Financial services
IBM Watson [73] AI+NLP • Analytics • Automation Healthcare, Education



Computers 2025, 14, 194 13 of 28

Real-Time Data Environments: The works presented in [74,75] offer valuable insights
into the management of data exchange in dynamic, real-time systems. They investigate the
functionalities of solutions such as MuleSoft Anypoint and Apache Kafka. Apache Kafka
is well-known for its strong capacity to scale and process data in real-time. It excels at
handling continuous data streams with the ability to recover from faults and minimal delay.
It is used in various applications such as IoT networks and federated learning data streams.
Besides, the article by [76] emphasizes Kafka’s expertise in efficiently processing large
amounts of data with minimal delay, and underscores the need of configuring Kafka with
Apache Zookeeper to improve its performance. Now, authors in [77] delve into the fault
tolerance and message recovery features of Kafka. They propose novel solutions, such as
the Checkpoint Interval Message Logging Algorithm, to improve the reliability of messages
in the event of server failures. Nevertheless, the study conducted by [78] investigates the
difficulties Kafka faces in achieving a balance between consistency, performance, and cost in
stream processing. This research sheds light on the intricate nature of trade-off judgments.
In addition, ref. [79] discusses the issue of data security in cloud-based deployments
and suggests novel approaches, such as Secure Door on Cloud, to reduce the risks of
privacy breaches.

These studies emphasize the important functions and unique constraints of tools such
as Kafka in terms of scalability, administration complexity, and data security in real-time
data exchange situations.

4.2. Security, Privacy, and Compliance

We address the crucial elements of security, privacy, and compliance in data exchange
systems, considering the growing digital dangers and strict regulatory demands. The sub-
ject encompasses a range of methods, including traceable and privacy-preserving exchange
mechanisms, as well as in-depth investigations on security and efficiency. We also analyzes
regulatory compliance and scalability, specifically evaluating how various solutions adhere
to international norms and enhance secure data sharing methods.

Traceable and Privacy-Preserving Exchange: An influential study conducted by [80]
presents an innovative traceable data sharing system that guarantees both privacy and
fairness, which is crucial in the initial phases of data management. This novel technique
not only enables the tracking of data transformation but also utilizes Zero-knowledge
proofs (ZKP), thereby representing a notable progress in the fields of data security and
privacy. In addition, the study conducted by [80] explores ZKDET, a new data exchange
paradigm that combines non-fungible tokens and ZKP to provide traceability and privacy.
This technique enables the transparent monitoring of data transformation on blockchain
platforms, while also guaranteeing equity and confidentiality in public storage systems
through the use of verifiable ZKP. In addition, the article by [81] investigates the effects
of ZKPs on improving privacy in digital identity systems, indicating their wide-ranging
potential for use. The paper titled ‘zk-BeSC: Confidential Blockchain Enabled Supply
Chain Based on Polynomial Zero-Knowledge Proofs’ by [82] presents a novel supply
chain model called zk-BeSC. This model utilizes zero-knowledge polynomial proofs to
maintain privacy during transactions and guarantee the integrity of data. Then, authors
in [83] explore the incorporation of blockchain technology, Soulbound tokens, and ZKP
into a protocol designed for maintaining anonymity during identity verification. They
demonstrate the effectiveness of these components in ensuring safe identity validation.
A notable advancement is described in [84], which introduces a system for secure and
private sharing of IoT data. This is achieved through the use of Self-Sovereign Identities,
Verifiable Credentials, and Zero-Knowledge Proofs, allowing for selective data disclosure
and precise access control.
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The latter highlights the increasing significance of secure and private data exchange
methods that can be traced, using advanced technologies such as blockchain and ZKP.
These methods enhance the security and privacy of data in many applications.

Privacy in Big Data Exchange: The paper by [85] specifically examines the issue of
privacy in the context of exchanging vast amounts of data, and discusses the problems and
future research areas that are essential for ensuring privacy in such exchanges. This study
emphasizes the growing acknowledgment and necessity of strong privacy safeguards in
data management. Expanding on this discussion, the paper by [86] introduces a privacy
method in decentralized cloud settings through the use of smart contracts, making a sub-
stantial contribution to the subject. Simultaneously, [87] introduce FAPS, a massive data
sharing strategy that ensures fairness and privacy by utilizing smart contracts and the
oblivious transfer protocol. The study conducted by [88] investigates a specific crypto-
graphic framework for analyzing large-scale data, emphasizing the crucial requirement
for sophisticated encryption techniques to ensure the effective protection of user data.
The paper by [89] investigates the idea of hybrid cloud-based privacy-preserving clustering.
The objective is to achieve a balance between compute and communication expenses while
ensuring data efficiency. In addition, the authors of [80] have reexamined ZKDET, a data
exchange method that combines non-fungible tokens and zero-knowledge proofs to ensure
traceability and privacy.

These studies emphasize the crucial significance of preserving privacy in the flow of
large amounts of data and the various technological advancements created to address these
intricate difficulties.

Regulatory Compliance and Scalability: Automation solutions have demonstrated
concrete capabilities in addressing regulatory requirements such as those defined in the
GDPR. For example, data lineage tracking systems can automatically log data access and
transformation events, satisfying auditability and accountability provisions [90]. Smart
contract mechanisms enable programmable consent enforcement, ensuring that personal
data is processed only for authorized purposes [91]. Additionally, AI-based policy engines
can dynamically adapt data handling rules in response to changes in regulatory conditions,
supporting continuous compliance in distributed environments [92]. In addition, aligning
automation technologies with formal governance frameworks is crucial to ensuring con-
sistent regulatory adherence. Frameworks such as the OECD AI Principles and the NIST
AI Risk Management Framework (RMF) provide actionable guidelines for implementing
fairness, transparency, accountability, and privacy in AI-driven systems [93,94]. Integrating
these principles into data exchange architectures supports explainability and auditability,
which are key to compliance with regulations like the GDPR.

Within the domain of data exchange technology, regulatory compliance and scalability
emerge as crucial factors, especially in businesses that deal with sensitive information. IBM
Integration Bus and Microsoft Azure Data Factory are examples of tools that demonstrate
compliance with severe standards such as GDPR and Health Insurance Portability and
Accountability Act (HIPAA). This highlights their crucial roles in facilitating secure and
compliant data transmission. The significance of these characteristics is outlined in Table 6,
which evaluates the capabilities of different tools in terms of compliance, scalability, and in-
tegration features. This analysis offers valuable insights to practitioners, aiding them in
selecting the most suitable tools for their operational requirements. The focus on adhering
to regulations is strengthened by new academic contributions. The article by [95] presents a
data sharing system that adheres to the GDPR and operates on a global scale, emphasizing
the worldwide significance of data privacy issues. Similarly, the article by [96] introduces a
framework that ensures confidence in the sharing of health big data while complying with
regulations. The system specifically addresses the distinct issues associated with managing
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healthcare data. The article by [97] examines the development of these systems, with a
particular focus on the importance of implementing robust data security and compliance
protocols. In addition, the article by [98] examines the importance of implementing privacy
by design approaches to protect sensitive data and comply with data protection require-
ments. Finally, the article by [99] examines the utilization of blockchain technology in the
healthcare industry, specifically analyzing its ability to improve data security and comply
with privacy standards such as GDPR and HIPAA.

These studies emphasize the increasing need for solutions that not only enable reliable
data sharing but also comply with strict regulatory criteria to guarantee data security and
privacy. The insights derived from the table allow organizations to efficiently negotiate
these challenges, enabling them to make educated decisions that link the deployment of
technology with regulatory compliance and operational scalability.

Table 6. Comparative Analysis of Database Integration: Scalability and Compliance Features.

Database Technology (Reference) Scalability Native Integration Protocol Support Regulatory Compliance

MuleSoft Anypoint [100] Vertical/Horiz Salesforce, SAP HTTP, REST, SOAP GDPR, HIPAA
TIBCO [101] Vertical Salesforce HTTP, REST, JMS GDPR

IBM Integration Bus [102] Vertical IBM Cloud HTTP, REST, SOAP,
MQTT GDPR, HIPAA

Microsoft Azure Data Factory [103] Horizontal Azure services HTTP, REST GDPR, Azure Policy
AWS Data Pipeline [104] Horizontal AWS services AWS SDK GDPR, HIPAA

Apache Kafka [58] Horizontal Hadoop, Spark Kafka Protocol -
Dell Boomi [105] Vertical Salesforce, SAP HTTP, REST GDPR, HIPAA
SAP Data Services [106] Vertical SAP HTTP, REST, SOAP GDPR, SAP Policy

Comparative Studies on Data Exchange Security and Efficiency: The article by [107]
examines authentication and secure access procedures in scientific data. It compares several
technologies such SciTokens, Verifiable Credentials, and Smart Contracts, emphasizing
their crucial role in enabling trustworthy data exchange. The paper by [108] provides a
thorough analysis of time series forecasting using Automated Machine Learning on various
datasets. The study highlights the significance of flexibility and accuracy in predictive
analytics tools. In the domain of geoinformatics, the study conducted by [109] presents
a thorough comparative examination of cloud services for processing geoinformation
data. The study demonstrates how cloud-based solutions can improve the accessibility
and processing capabilities of such data. In addition, the article by [110] investigates
methods of extracting data from Android smartphones that use Qualcomm technology.
The article offers valuable information on the processing and extraction of mobile data.
The study conducted by [111] investigates the aspects of data security and protection in
marketing. It presents a thorough analysis of programming methodologies using Golang
and PHP, highlighting the importance of implementing strong data protection methods.
This thorough investigation, conducted through theoretical analyses and in-depth case
studies, demonstrates the importance of selecting appropriate tools to address unique
operational issues. These insights help industry experts make informed decisions that are
crucial for streamlining data exchange operations, guaranteeing security, and improving
overall system performance.

Challenges and Solutions in Data Exchange Security: Recent research focuses on ad-
dressing security concerns in data communication and highlights significant advancements
and solutions. The proposal of [112] seeks to connect big data with fast data technologies
in order to improve cybersecurity analytics, specifically targeting intricate threats in the
digital realm. The paper by [113] examines cybersecurity attacks targeting IoT devices and
suggests secure authentication and communication methods. The article by [114] provides
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a comprehensive analysis of the vulnerabilities associated with the IoT. The author cate-
gorizes these threats according to the different layers of the IoT architecture and proposes
effective solutions. The article by [115] investigates the use of blockchain technology for au-
thentication in the Industrial Internet of Things (IIoT). The study specifically addresses the
privacy and security issues that arise in industrial settings. The study conducted by [116]
on Distributed Denial of Service (DDoS) assaults targeting IoT and machine learning solu-
tions is a notable advancement in the field of cybersecurity. The paper by [117] presents
a self-defense system for cloud firms that utilizes multilayer machine learning. On the
other hand, [118] focuses on the application of data science for protecting digital footprints.
The paper by [119] introduces TRADE, a blockchain-powered platform designed for the
purpose of sharing anonymous cyber threat information. The paper by [120] investigates
the utilization of a combination of AES and Twofish algorithms to improve the security
of data in cloud systems. Ultimately, ref. [121] examines strategies for guaranteeing the
privacy of data in peer-to-peer communication within blockchain technology. These studies
emphasize the intricate nature of ensuring secure data exchange, showcasing cutting-edge
technologies such as machine learning, blockchain, and hybrid cryptographic methods.

4.3. AI Impact, Applications, and Ethical Considerations

We examine the practical applications and ethical considerations of sharing data in
different industries, with a specific focus on healthcare systems and the use of artificial
intelligence. The text highlights the significance of ethical frameworks and sustainability in
data management, exploring how these concepts are incorporated into both established
and emerging technology. This part seeks to offer a thorough comprehension of the impact
of data exchange on society norms and individual privacy, as well as its role in improving
system efficiency and decision-making capabilities.

Data Exchange in Healthcare Systems: Recent literature on healthcare systems high-
lights the crucial need of standards and technical integrations for exchanging data. The im-
portance of standards such as XML, HL7, and Digital Imaging and Communication in
Medicine (DICOM) in hospital information systems for integrating different systems is
emphasized. However, their relevance in present architectures is not fully recognized,
as pointed out by [122]. The MEdge-Chain approach, as explained by [123], utilizes edge
computing and blockchain technologies to provide efficient and secure transmission of
medical data, thereby improving latency and reducing computational expenses. The paper
by [124] presents a robust framework that utilizes Directed Acyclic Graphs (DAG) to fa-
cilitate the exchange of electronic health information. The primary focus of this design is
to enhance patient data security and ensure its immutability. The article by [125] explores
the ways in which Health Information interchange (HIE) models can improve healthcare
quality and management efficiency by facilitating better integration and interchange of data.
The system presented in [126] integrates blockchain with the interplanetary file system
to facilitate data sharing in the healthcare sector. It incorporates advanced access control
measures. Finally, according to [127], a new set of procedures is proposed for exchanging
confidential health information. This protocol suite incorporates proxies and anonymizers
to ensure secure transmission, with a specific emphasis on meeting the requirements of
anonymization, secrecy, and authentication. These studies emphasize the significance of
implementing standards and using cutting-edge technologies such as blockchain and edge
computing to guarantee secure and efficient data exchange in healthcare systems.

Impact of Artificial Intelligence: AI and machine learning are transforming data
exchange processes, improving efficiency, and facilitating predictive analysis and instan-
taneous decision-making. The article by [128] explores the utilization of AI in the field of
currency exchange rate prediction. It highlights how AI’s ability to make informed deci-
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sions is enhanced by analyzing large and comprehensive data sets. The study conducted
by [129] showcases the application of machine learning in human resources management
to facilitate decision-making based on data analysis. The study conducted by [130] inves-
tigates the utilization of AI-driven big data analytics in B2B marketing and its impact on
rational decision-making and firm performance. The article by [131] explores the applica-
tion of artificial intelligence in the management of large financial datasets, with a focus on
improving the analysis of financial information and decision-making support. The study
conducted by [132] emphasizes the contribution of AI in enhancing the precision of finan-
cial management systems within the information sector. The article by [133] demonstrates
the rise of hybrid intelligent systems in the field of animal research. These systems integrate
artificial intelligence algorithms with traditional models to enable sophisticated data analy-
sis. The paper by [79] introduces an AI learning system designed for fair categorization
in non-stationary data streams. The article by [134] examines the influence of artificial
intelligence on business intelligence and data analytics, with a specific focus on decision
support systems for e-business. The paper by [135] introduces a method that combines
human input with artificial intelligence to improve decision-making using prescriptive
analytics. The citation of [136] highlights the increasing significance of AI in healthcare,
particularly in the areas of data processing and decision-making, for improved efficiency.
The article by [137] investigates the utilization of data science and AI in revolutionizing
company operations and strategic decision-making. These studies collectively show that
AI and machine learning have a substantial effect on improving the efficiency of data
transmission, allowing for predictive analytics, and aiding informed decision-making in
many industries.

Sustainability and Ethics: The convergence of sustainability and ethics in data ex-
change is being increasingly seen as crucial. The analysis conducted by [138] focuses on the
sustainability and social acceptability of data networks on exchange platforms. The article
by [139] emphasizes the ethical issues associated with managing big data and suggests
a paradigm for stakeholder ethics that is connected to sustainability. The article by [140]
examines the legal and ethical structures surrounding the interchange of health information
on a global scale. It specifically delves into the topics of informed consent and ethical
approval. The article by [141] proposes the implementation of dynamic consent and re-
sponsible governance in the field of medical research. The article by [142] examines the
ethical ramifications of exchanging information in the healthcare sector, specifically focus-
ing on issues such as confidentiality and informed consent. The paper by [143] presents a
data trust paradigm aimed at promoting sustainable economic growth in the food chain.
The paper by [144] presents a data governance framework for e-prescriptions that utilizes
blockchain technology, with a focus on privacy and consent management. The article
by [145] promotes the importance of reliable data governance in the field of dementia
research. The article by [146] highlights the environmental consequences of data-driven
technology and emphasizes the ethical aspects of sustainability. These studies emphasize
the importance of ethically and sustainably handling data exchange, namely by prioritizing
informed consent, responsible governance, and environmental factors.

4.4. Emerging Challenges and Technological Responses

Adaptive Systems for Real-Time Data Exchange: Contemporary literature empha-
sizes the primary obstacles and technology advancements that are transforming the field
of data communication. The issue of real-time API performance limitations, which are
frequently caused by fixed configuration settings, is tackled through dynamic resource
management, as explained by [147]. Additionally, adaptive scheduling in fog and IoT
environments, as described by [148], and event-triggered communication networks, as pro-
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posed by [149], also address this problem. These studies highlight the necessity for systems
that are more adaptable and quick to respond. In addition, ref. [150] has made significant
contributions to the development and execution of real-time resource access protocols.
Furthermore, ref. [151] has explored the use of reinforcement learning to improve the
flexibility of Representational State Transfer API (REST-API) testing, demonstrating further
advancements in this area. Ref. [152] also investigates the incorporation of machine learn-
ing in self-managing cloud storage to facilitate the shift towards more autonomous data
exchange frameworks. Furthermore, distributed messaging systems encounter inefficiency
and scalability challenges that are crucial for preserving the integrity of real-time commu-
nication. The challenges of scalability and system responsiveness are addressed by [153]
through the use of adaptive topology in distributed publish/subscribe messaging, by [154]
through reliability enhancements using distributed event streaming platforms, and by [155]
through the implementation of Byzantine-resilient protocols for event-triggered systems.
The paper by [156] discusses the architecture of real-time IoT data streaming testbeds, while
the paper by [157] explores scalable cross-chain messaging. Both of these contributions
contribute to the ongoing development of distributed data exchange.

Scalability and Reliability in Distributed Messaging: Furthermore, the incorporation
of AI-powered multimodal ETL systems in managing unstructured and temporal data ex-
poses notable inefficiencies, especially in sectors like as healthcare and energy management,
where the handling of data in real-time is vital. An instance of this is the combination of
IoT with machine learning to monitor the health of patients in real-time, as investigated
by [158]. This integration has demonstrated the ability to optimize the processing of data.
Furthermore, the study conducted by [159] has shown that the implementation of real-time
energy consumption data management and prediction systems has resulted in enhanced
operational efficiencies. The paper by [160] highlights the progress made in healthcare
for early disease diagnosis using machine learning. It showcases the improved predictive
analytics skills achieved through these developments. In addition, the application of deep
learning in evaluating spatiotemporal maritime data provides innovative methods for
managing intricate datasets, which can be especially beneficial in situations where data
streams are insufficient, as discussed in the journal article [161]. Furthermore, ref. [162]
emphasizes the significance of AI in extracting valuable information from intricate medical
images, namely sophisticated bioimaging markers identified from echocardiograms by
deep learning. These studies emphasize the increasing importance of AI and machine
learning in improving the ability to process data in distributed messaging frameworks,
making it more efficient and dependable.

AI-Driven Innovations for Data Processing: Finally, the task of guaranteeing efficient
and secure transmission of enormous files on a wide scale, notwithstanding the various
conditions of the network, continues to be of utmost importance. Recent advancements
in this field involve the utilization of network coding to augment the efficiency of file
transfers in low-bandwidth settings. This has been exemplified by the work of [163], which
demonstrates a noteworthy enhancement in both reliability and throughput. In addition,
the study conducted by [164] emphasizes how the design of intelligent transportation
systems in big data environments may effectively address challenges associated with trans-
ferring large files on a wide scale through the use of advanced data handling techniques.
The research conducted by [165] emphasizes the dependable and effective transmission
of huge files across unreliable, one-way connections while ensuring the preservation of
data integrity even in difficult network environments. In addition, the paper by [166]
explores the enhancement of distributed file systems through the utilization of Remote
Direct Memory Access (RDMA) technology. This technique has demonstrated notable im-
provements in both speed and efficiency for data transfers. Furthermore, ref. [167] presents
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a comprehensive examination of network coding-based Peer to Peer (P2P) file sharing.
This survey highlights effective strategies that improve the distribution and accessibility of
files in large-scale networks. These references highlight the significant advancements in
technology that are being made to tackle the challenges of transmitting huge files, with a
focus on improving efficiency and security.

5. Discussion
The landscape of data generation and acquisition continues to evolve rapidly due to

the proliferation of IoT devices, the expansion of social media, and the increasing adop-
tion of smart technologies. This transformation has led to a substantial increase in the
volume, velocity, and variety of data, creating both opportunities and challenges in data
management [36–39]. While state-of-the-art technologies such as edge computing and 5G
networks enable real-time data collection and processing, ensuring data authenticity and
reliability remains a complex issue [40–43]. Additionally, the lack of standardization in data
formats and quality assurance methods from the point of generation exacerbates inconsis-
tencies, which in turn impacts subsequent stages of data processing and exchange [52–57].
Addressing these gaps requires the development of universal guidelines and robust frame-
works to ensure consistent data quality across its lifecycle.

The transition from traditional storage systems to cloud-based solutions has signifi-
cantly improved scalability and accessibility. However, it has also raised concerns about
data sovereignty, privacy, and governance [107,108]. Ensuring the accuracy and reliability
of stored data is essential, as it directly influences trust in data exchange processes [95,96].
Advanced encryption techniques and redundant storage systems are critical to mitigating
risks associated with data breaches and corruption [97,98]. Furthermore, aligning storage
technologies with evolving regulatory standards requires the integration of comprehensive
security protocols and scalable technical solutions [74–76,99].

In turn, the convergence of real-time processing capabilities and AI technologies has
revolutionized data processing, enabling faster decision-making and more accurate in-
sights. Machine learning algorithms and predictive analytics have become central to
modern data workflows, particularly for managing complex datasets [36,37,128–130].
Nevertheless, integrating these technologies into existing data infrastructures presents
challenges, including the need for specialized expertise and the potential for bias in AI-
driven systems [79,131–133]. Efforts to address these issues should focus on developing
explainable AI models and standardized frameworks that facilitate interoperability while
maintaining ethical considerations [130–133]. These improvements would not only en-
hance data transfer efficiency but also ensure compliance with global data protection
standards [52–55,95,96].

Next, technological innovations such as network coding, intelligent transportation
systems, and RDMA-based distributed file systems have demonstrated significant improve-
ments in scalability and reliability for large-scale data transmission [163–166]. Despite these
advancements, challenges persist in integrating these solutions with existing infrastruc-
tures and balancing performance with stringent security requirements. Future research
should prioritize the development of adaptive and interoperable platforms capable of
addressing these complexities, ensuring robust and secure data exchange in an increasingly
interconnected digital ecosystem.

In a nutshell, these discussions emphasize the need for a holistic approach to data
exchange that combines technical innovation with regulatory, ethical, and operational
considerations. By addressing these multifaceted challenges, the field can continue to
advance towards a more efficient, secure, and sustainable data management paradigm.
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Despite the comprehensive scope and methodological rigor of this review, several
limitations must be acknowledged. First, no formal risk of bias assessment was performed,
which may limit the critical appraisal of the included studies. Second, the certainty of evi-
dence was not evaluated using formal frameworks (e.g., GRADE), restricting the strength of
interpretive conclusions. Third, the synthesis approach was purely narrative, without meta-
analytic aggregation, thus limiting statistical generalizability. Finally, while PRISMA
guidelines were followed, the study was neither registered in a systematic review registry
nor accompanied by a pre-published protocol. These limitations should be addressed in
future studies to enhance transparency, reproducibility, and methodological robustness.

Rather than focusing on a single technology, this study has deliberately adopted a com-
parative perspective to examine how diverse emerging paradigms—including blockchain,
FPGA-based systems, and AI—jointly address the multifaceted challenges of modern data
exchange. This integrative approach reveals how these technologies complement one
another in terms of performance, scalability, and regulatory compliance, offering a holistic
framework for building secure and efficient data infrastructures.

6. Conclusions
This review has presented a comprehensive examination of the evolving landscape of

data exchange, emphasizing the transformative potential of emerging technologies such as
blockchain, FPGA, and artificial intelligence. Through the analysis of contemporary tools,
protocols, and architectures, it has become evident that intelligent automation significantly
enhances the efficiency, scalability, and security of data exchange systems. Key insights re-
veal that the integration of AI-driven automation into data workflows reduces human error,
facilitates real-time analytics, and supports predictive decision-making. Similarly, the use
of blockchain ensures immutability and trust in decentralized data environments, while
FPGA-based infrastructures offer high-performance, low-latency processing capabilities
essential for large-scale and time-sensitive applications. These advancements collectively
address many of the historical limitations in interoperability, data integrity, and compliance,
particularly within critical sectors such as healthcare, finance, and industrial systems.

In summary, each technological paradigm analyzed in this study contributes uniquely
to the ongoing evolution of data exchange systems. Blockchain and Zero-Knowledge
mechanisms offer robust security and privacy guarantees, while FPGA-based solutions
excel in low-latency scenarios. IoT architectures bring scalability at the cost of compliance
and security. The comparative analysis presented in Table 4 underscores the importance of
context-aware technology selection, and it reinforces the need for hybrid frameworks that
combine complementary strengths across these domains. Also, this comparative approach
has proven valuable in revealing the complementary roles of blockchain, FPGA, and AI
technologies across the data exchange landscape. By analyzing them side by side, we
provide not only a technical evaluation but also strategic insights into how hybrid imple-
mentations can overcome the limitations of isolated systems. Lastly, our analysis shows
that while each technology addresses distinct bottlenecks—such as latency, traceability,
or automation—their integration creates a more resilient and adaptable ecosystem for
modern data exchange.

Future research must concentrate on several pressing challenges and opportunities.
First, there is a growing need to develop robust, ethically aligned AI frameworks that
ensure fairness, transparency, and non-discrimination in automated decision-making. Ad-
ditionally, further work is needed to advance real-time data governance models capable of
dynamically adapting to evolving regulatory landscapes across jurisdictions. Enhancing
the scalability of secure data sharing protocols through zero-knowledge proofs, federated
learning, and edge computing is another key frontier. Interdisciplinary collaboration among
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technologists, legal experts, and policy-makers will be essential to designing systems that
harmonize technological innovation with societal values. Lastly, as data ecosystems con-
tinue to expand in complexity and scope, future research must aim to create more adaptive,
intelligent, and resilient infrastructures for secure and equitable data exchange.
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