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Abstract: This literature review presents a comprehensive overview and critical analysis of recent advances
concerning the challenges encountered in constructing data engineering pipelines for streaming media. As the
demand for streaming media escalates, so does the necessity for highly efficient and robust data pipelines to manage,
process, and distribute colossal volumes of data. However, building these pipelines poses several significant
challenges, which this review systematically addresses. The key issues examined include the maintenance of data
quality, ensuring consistency, completeness, and format adherence; the problem of scalability with growing data
volumes; real-time data processing and latency reduction for improved user experience, and the complexities of
guaranteeing data security and privacy. Drawing from an extensive range of recent studies and technological
advancements, this review provides a critical analysis of proposed solutions to these challenges, including automated
data cleaning techniques, scalable distributed processing architectures, real-time data processing methodologies,
and advanced data security mechanisms. This review also underlines potential areas for future research and
development, offering valuable insights for both researchers and practitioners. It encapsulates the state of the art,
charts out the current challenges, and proposes directions for future work in building data engineering pipelines for
streaming media. By doing so, it provides a critical reference point for advancing the field and improving the quality
of streaming media services.
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1. Introduction

The rapid expansion of the digital universe and the incessant demand for streaming media has underscored
the significance of highly efficient data engineering pipelines. These complex constructs are integral to
managing, processing, and distributing the vast amounts of data inherent in streaming media services,
thereby ensuring seamless user experience (Zaharia et al., 2016). However, the construction and optimization
of these pipelines present a myriad of challenges, warranting a comprehensive investigation and analysis.

This review is motivated by the crucial need to understand these challenges, evaluate existing solutions, and
identify potential avenues for future research and development. Our focus encompasses four key areas that
represent significant challenges in the construction of data engineering pipelines for streaming media: data
quality, scalability, real-time processing, and data security and privacy.

The maintenance of high data quality, encapsulating consistency, completeness, and format adherence, is
pivotal for effective decision-making and service performance (Stonebraker et al., 2015). Meanwhile,
scalability is a persistent challenge, particularly in the face of exponentially growing data volumes that
demand effective resource management strategies and data processing optimization (Kreps, 2013). Real-time
processing is another pressing concern. Latency can significantly impact user experience, necessitating
efficient data processing methodologies (Zaharia et al., 2012). Finally, ensuring data security and privacy,
given the risks of data leakage, unauthorized access, and privacy invasion, is a complex yet vital task
(Bertino et al., 2017).

By providing a critical analysis of the literature in these areas, this review aims to advance the discourse on
constructing robust data engineering pipelines for streaming media. The insights garnered will be beneficial
for both researchers and practitioners in computer science and allied fields, paving the way for innovative
solutions and the improvement of streaming media services.
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2. Methodology

The methodology for this literature review was systematically structured to ensure a comprehensive
understanding of the recent advances and challenges in building data engineering pipelines for streaming
media. Our approach to identifying, screening, and reviewing the literature was guided by the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) model (Moher et al., 2009).

The initial literature search was conducted using academic databases including IEEE Xplore, ACM Digital
Library, JSTOR, Google Scholar, and SpringerLink. Additionally, we utilized search engines like Google
and DuckDuckGo to access white papers and technical reports that might not be indexed in academic
databases.

We focused on publications in the English language, issued between 2010 and 2023. The search strategy
employed a combination of keywords and phrases related to our core themes: 'data engineering pipelines',
'streaming media', 'data quality', 'scalability', 'real-time processing', 'data security’, and 'privacy'. The
inclusion criteria were peer-reviewed articles, conference proceedings, technical reports, and white papers
addressing the challenges and advancements in data engineering pipelines for streaming media. Exclusion
criteria involved non-English publications, publications older than 2010, and documents with limited or no
relation to our main themes.

The selected literature was meticulously evaluated and synthesized. We examined the methodology, main
findings, and limitations of each study, critically analyzing their contributions and implications. The
literature review was subsequently structured based on the main challenges identified: data quality,
scalability, real-time processing, and data security and privacy.

3. Literature Review and Discussion
3.1. Data Quality

Data quality plays a critical role in the efficacy of data engineering pipelines, particularly for streaming
media, as highlighted in a series of studies. Stonebraker et al. (2015) emphasized the significance of
maintaining data quality in terms of consistency, completeness, and format adherence. Their study
introduced a scalable framework for automatic data cleaning, contributing to the body of knowledge by
providing innovative techniques for data quality assurance. However, their study primarily focused on
structured data, leaving a gap in the context of unstructured data prevalent in streaming media.

In response to this gap, Akbarnejad et al. (2020) proposed a machine learning-based approach for the quality
assurance of unstructured data. They illustrated the efficacy of their approach through multiple use cases.
Nonetheless, the study fell short in terms of providing a comprehensive evaluation across diverse streaming
media scenarios.

3.2. Scalability

The scalability of data engineering pipelines is a paramount concern, especially given the explosive growth
of data volumes in streaming media. Kreps (2013) highlighted this challenge, suggesting a distributed
processing architecture using Apache Kafka as a potential solution. Their study provided a valuable
contribution by demonstrating the scalability of Kafka in handling massive data streams. However, their
work did not consider the impact of network latency on scalability.

To address this issue, Zaharia et al. (2016) proposed a novel framework, Apache Spark that optimizes data
processing to enhance scalability while reducing latency. Their findings underscored the effectiveness of in-
memory computation for large-scale data processing. Despite these advances, the issue of scalability remains
partly unresolved due to the growing complexity and diversity of streaming media data.

3.3. Real-Time Processing

Real-time processing of streaming media data is a significant challenge due to the latency-sensitive nature of
these services. Studies by Zaharia et al. (2012) investigated this issue and proposed an extension to the
Hadoop framework, enabling real-time processing. While their work provided significant improvements over
traditional batch-processing techniques, it struggled with maintaining performance under high data volumes.
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To address the challenge of volume, Rajan et al. (2018) introduced a hybrid approach, combining the
benefits of batch and real-time processing using the Lambda architecture. Their approach effectively
managed high data volumes while reducing latency. Nevertheless, the issue of managing real-time
processing in heterogeneous environments remains an open research question.

3.4. Security and Privacy

The issue of data security and privacy is particularly challenging due to the increasing risks of data breaches
and privacy violations. A study by Bertino et al. (2017) provided an in-depth discussion of these challenges
and proposed advanced security mechanisms, such as homomorphic encryption and differential privacy, to
protect data in pipelines. However, these techniques incur a high computational overhead, potentially
hindering real-time processing.

To address this, Li et al. (2021) proposed a lightweight security framework for streaming media pipelines,
combining edge computing and blockchain technology. Their approach demonstrated a promising balance
between security and performance. Nevertheless, the evolving landscape of security threats necessitates
continuous research to improve data security and privacy mechanisms.

4. Synthesis and Evaluation

The exploration of the four primary challenges in building data engineering pipelines for streaming media, as
addressed in the literature, has provided an illuminating perspective. Each challenge entails complexities that
manifest uniquely in the realm of streaming media, demanding a nuanced approach to devising solutions.

4.1. Data Quality

The importance of maintaining high data quality in streaming media pipelines is universally acknowledged
(Stonebraker et al., 2015; Akbarnejad et al., 2020). However, the synthesis of the literature reveals a gap in
the focus on structured data, often neglecting the challenges presented by unstructured data. While machine
learning-based approaches like those proposed by Akbarnejad et al. (2020) are promising, there is still room
for further research to provide more comprehensive solutions. Moreover, an interdisciplinary approach,
involving data science and machine learning, could be fruitful in this regard.

4.2. Scalability

The issue of scalability, as investigated by Kreps (2013) and Zaharia et al. (2016), warrants further
exploration, particularly given the growing complexity and diversity of streaming media data. The
integration of network latency considerations into scalability solutions, as suggested by Zaharia et al. (2016),
is a significant step forward. However, more research is needed to investigate the balance between
computational efficiency and network resources to truly optimize scalability.

4.3. Real-Time Processing

In the sphere of real-time processing, Zaharia et al. (2012) and Rajan et al. (2018) made significant strides in
improving the Hadoop framework and developing a hybrid processing model, respectively. However, these
studies primarily focus on the processing of homogeneous data streams. Given the increasing heterogeneity
of streaming media data, future research should focus on devising solutions capable of handling diverse data
streams efficiently in real-time.

4.4. Security and Privacy

On the matter of security and privacy, despite significant progress made by Bertino et al. (2017) and Li et al.
(2021), challenges persist. The adoption of advanced security mechanisms often leads to high computational
overheads, which can negatively impact real-time processing. The lightweight security framework by Li et
al. (2021) has provided a promising solution, but the rapidly evolving security threat landscape means
continuous research is imperative. Future work could focus on developing adaptive security mechanisms
capable of addressing emerging threats without hindering processing efficiency.

5. Conclusion and Future Directions

The field of data engineering for streaming media has seen considerable advancements in recent years, as
delineated in this comprehensive literature review. However, the primary challenges of ensuring data quality,
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achieving scalability, enabling real-time processing, and maintaining security and privacy persist in spite of
these progressions. The complexity of these challenges is accentuated in the context of streaming media due
to the inherent requirements of handling high volumes of heterogeneous data in real time.

The detailed analysis of the recent literature reveals that maintaining high-quality data, particularly
unstructured data prevalent in streaming media, remains an area necessitating further research. Machine
learning-based approaches have shown promise and warrant additional exploration and improvement.
Similarly, ensuring scalability, especially considering network latency and the increasing diversity of data,
remains a substantial challenge.

Real-time processing, a critical requirement for streaming media, has seen significant strides. The advent of
hybrid processing models, such as the Lambda architecture, has enhanced the ability to handle high data
volumes while reducing latency. Nevertheless, the efficient processing of diverse data streams in real time
remains an open question. Lastly, despite substantial advancements in data security and privacy mechanisms,
the increasing sophistication of security threats means that this area requires continuous research attention.

This review identifies interdisciplinary solutions as the path forward, harnessing advancements from multiple
fields such as machine learning, network optimization, and cybersecurity. Future research should concentrate
on developing comprehensive solutions for unstructured data quality assurance, scalable processing
architectures considering network latency, real-time processing solutions for diverse data streams, and
adaptive security mechanisms that keep up with the rapidly evolving threat landscape.

The goal is clear: constructing robust, efficient, and secure data engineering pipelines capable of managing
the complexities and demands of streaming media. Achieving this goal will drastically improve the quality of
streaming media services and the user experience, further propelling the field of data engineering for
streaming media into a new era of innovation and excellence. The challenges are substantial, but the
opportunities for growth and progress are immense.
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