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Abstract: - This study investigates the efficacy of integrating the Singular Value Decomposition (SVD) algorithm into e-commerce
micro-media recommendation data analysis, focusing on its application in teaching contexts. In the digital age, e-commerce platforms
rely heavily on recommendation systems to personalize user experiences and drive sales. Micro-media, with its concise and visually
appealing format, has emerged as a potent tool for enhancing user engagement. Leveraging advanced algorithms like SVD holds
promise for improving recommendation accuracy and user satisfaction. The methodology encompasses theoretical exploration,
practical implementation, and pedagogical considerations. A comprehensive review of the literature establishes the theoretical
foundation, elucidating SVD principles and their relevance to e-commerce micro-media recommendation. Real-world e-commerce
datasets are used for data analysis experiments, demonstrating SVD's effectiveness in generating personalized recommendations.
Pedagogical strategies are integrated to bridge theory and practice, empowering participants with skills vital for e-commerce analytics.
Statistical analysis reveals significant improvements in recommendation accuracy, user engagement metrics, and computational
efficiency post-SVD integration. Precision, recall, and F1-score metrics show notable increases in recommendation quality, while user
engagement metrics, like click-through rates, indicate enhanced user interaction with recommended content. Furthermore, the
algorithm exhibits robust computational performance, enabling real-time recommendations in dynamic e-commerce environments.
This study contributes to e-commerce recommendation systems and pedagogical approaches in data analytics education. By leveraging
SVD, e-commerce platforms can enhance user experiences and drive engagement, ultimately increasing revenue. Integrating
algorithmic concepts into teaching curricula equips students with practical skills and theoretical knowledge crucial for navigating
modern e-commerce landscapes.

Keywords: E-commerce, Singular Value Decomposition (SVD), Data analysis, Recommendation systems, Micro-
media.

. INTRODUCTION

In the era of digital transformation, e-commerce has emerged as a cornerstone of modern business strategies,
revolutionizing the way consumers interact with products and services. With the proliferation of online platforms
and the explosion of digital content, the challenge of effectively recommending relevant information to users has
become paramount for businesses seeking to enhance customer engagement and drive sales [1][2]. In this context,
micro-media, characterized by its succinct and targeted nature, has emerged as a powerful tool for e-commerce
recommendation systems [3]. The integration of cutting-edge algorithms with research in e-commerce micro-media
recommendation represents a pivotal frontier in academia and industry alike [4]. One such algorithm, Singular
Value Decomposition (SVD), has garnered significant attention for its ability to uncover latent patterns within large
datasets and facilitate personalized recommendation systems [5][6]. By leveraging the inherent structure of e-
commerce data, SVD offers a sophisticated means of extracting valuable insights and predicting user preferences
with remarkable accuracy [7][8].

This paper aims to explore the intersection of teaching, research, and practical application in the realm of e-
commerce micro-media recommendation data analysis through the integration of the Singular Value
Decomposition algorithm [9][10]. By delving into the theoretical underpinnings of SVD and its application in the
context of e-commerce, this study seeks to provide a comprehensive understanding of how advanced algorithms
can enhance the effectiveness of recommendation systems [11][12]. Moreover, by incorporating teaching
methodologies, this research endeavours to bridge the gap between theoretical knowledge and real-world
implementation, equipping students and practitioners alike with the tools necessary to navigate the complexities of
modern e-commerce landscapes [13][14].

Through a multidisciplinary approach that draws from fields such as computer science, data analytics, and
marketing, this research aims to shed light on the synergies between algorithmic innovation and practical utility in
the realm of e-commerce micro-media recommendation [15][16]. By elucidating the mechanisms through which
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SVD can be harnessed to optimize recommendation systems, this study seeks to empower stakeholders to harness
the power of data-driven insights to drive business growth and enhance user experiences in the digital age [17].

Il.  RELATED WORK

One prevalent line of research focuses on collaborative filtering techniques, which leverage user-item interaction
data to generate personalized recommendations. Traditional collaborative filtering methods, such as user-based and
item-based approaches, have been widely studied and applied in e-commerce settings. These methods rely on
similarity measures between users or items to identify relevant recommendations. While effective to some extent,
these approaches often suffer from scalability issues and cold-start problems, limiting their applicability in dynamic
e-commerce environments [18][19].

In contrast, matrix factorization techniques, including Singular VValue Decomposition (SVD), have emerged as
promising alternatives for e-commerce recommendation systems. SVD-based approaches aim to decompose the
user-item interaction matrix into latent factors, capturing underlying patterns and preferences inherent in the data.
This latent factor modeling enables more nuanced and accurate recommendation generation, particularly in
scenarios with sparse or incomplete data. Previous studies have demonstrated the effectiveness of SVD in
improving recommendation accuracy and user satisfaction across various domains, including e-commerce, social
media, and entertainment platforms [20][21].

Moreover, the integration of micro-media content into e-commerce recommendation systems has gained traction
in recent years, reflecting the growing importance of contextualized and visually engaging recommendations.
Micro-media, characterized by its succinct and visually appealing format, offers a compelling means of presenting
product information and driving user engagement. Research in this area has explored the impact of micro-media
content on user behavior, preference formation, and purchase decisions, highlighting its potential to enhance
recommendation effectiveness and conversion rates in e-commerce settings [22][23].

Furthermore, pedagogical approaches to teaching and integrating algorithmic concepts into e-commerce education
have garnered attention in academic circles. Studies have explored innovative teaching methodologies, such as
project-based learning, collaborative problem-solving, and hands-on experimentation, to equip students with
practical skills and theoretical knowledge relevant to e-commerce analytics and recommendation systems. By
integrating real-world datasets and algorithmic techniques into the curriculum, educators aim to bridge the gap
between theoretical concepts and practical application, empowering students to tackle complex challenges in e-
commerce data analysis and decision-making [24][25].

I1l. METHODOLOGY

This study employs a multifaceted methodology to investigate the integration of the Singular VValue Decomposition
(SVD) algorithm into the realm of e-commerce micro-media recommendation data analysis, with a particular
emphasis on its application in teaching contexts. The methodology encompasses both theoretical exploration and
practical implementation, drawing from diverse disciplines such as computer science, data analytics, and pedagogy
to provide a comprehensive understanding of the subject matter. To begin, the theoretical framework of the study
is grounded in an extensive review of existing literature on e-commerce recommendation systems, micro-media
dynamics, and algorithmic approaches, with a focus on SVD. This literature review serves as the foundation upon
which subsequent analyses and investigations are built, allowing for the identification of key research gaps and
theoretical underpinnings essential for guiding the study's direction.
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Fig 1: Flowchart of SVD.

After the establishment of theoretical groundwork, the study proceeds to elucidate the principles of the Singular
Value Decomposition algorithm and its relevance to e-commerce micro-media recommendation. This phase
involves a detailed examination of the mathematical foundations of SVD, including matrix factorization techniques
and latent factor modelling, to provide participants with a robust conceptual understanding of the algorithm's
mechanics. Subsequently, the methodology encompasses practical implementation through the utilization of real-
world datasets sourced from e-commerce platforms. These datasets, comprising user interactions, product
attributes, and micro-media content, serve as the empirical basis for conducting data analysis experiments.
Leveraging programming languages such as Python and specialized libraries like NumPy and SciPy, participants
are guided through the process of preprocessing raw data, performing SVD-based decomposition, and generating
personalized recommendations for users.

Integral to the methodology is the integration of teaching strategies tailored to diverse learning styles and skill
levels. Through a combination of lectures, hands-on exercises, and interactive discussions, participants are
equipped with the requisite knowledge and practical skills to comprehend and apply SVD in the context of e-
commerce micro-media recommendation. Emphasis is placed on fostering critical thinking, problem-solving
abilities, and collaborative learning environments conducive to knowledge acquisition and retention. Moreover,
the methodology incorporates assessment mechanisms to evaluate participants' comprehension and proficiency in
applying SVD to real-world datasets. This includes the development of evaluation metrics to measure
recommendation accuracy, user satisfaction, and algorithmic performance. Through iterative feedback loops and
formative assessments, participants are afforded opportunities for continuous improvement and skill refinement.

IV. EXPERIMENTAL SETUP

In this study, the experimental setup for evaluating the efficacy of integrating the Singular VValue Decomposition
(SVD) algorithm into e-commerce micro-media recommendation data analysis was meticulously designed to
ensure robustness and reliability. The setup comprised several key components, including data preprocessing,
algorithm implementation, performance evaluation, and statistical analysis.

To begin, the real-world e-commerce datasets were preprocessed to clean and prepare the data for analysis. This
involved tasks such as removing duplicates, handling missing values, and encoding categorical variables. The
preprocessed datasets were then divided into training and testing sets to facilitate algorithm training and evaluation.
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Next, the SVD algorithm was implemented to decompose the user-item interaction matrix A into three matrices:
U, Z, and VT. Mathematically, this decomposition can be expressed as:

A=Uzv?

Where:

e U represents the user-feature matrix,

e X isadiagonal matrix containing the singular values,
e VT denotes the item-feature matrix.

The number of latent features, k, was a crucial parameter in the SVD decomposition, determining the
dimensionality of the feature space. This parameter was chosen through cross-validation or based on domain
knowledge to optimize recommendation performance.

After obtaining the decomposed matrices, personalized recommendations were generated for each user by
reconstructing the original interaction matrix using a subset of the singular values and corresponding feature
vectors. Specifically, the recommendation matrix R was computed as:

R =U.D. V!

Where:

e U, Xk, and Vi are truncated versions of the U, X, and VT matrices, respectively, retaining only the top k singular
values and associated vectors.

To evaluate the performance of the recommendation system, several metrics were employed, including precision,
recall, and F1-score. These metrics quantify the accuracy and relevance of the recommendations compared to the
actual user interactions. Mathematically, these metrics can be defined as follows:

st . TP
Precision = 15-—7p
............ 3)
TP
Recall — ——
- I'P+FM
........... 4)
‘ Precision = Hecall
ey — 9
Fl-score < X Precision+Recall 5)

Where:
e TP (True Positive) represents the number of correctly recommended items that were interacted with by users.
e FP (False Positive) denotes the number of incorrectly recommended items.

e FN (False Negative) indicates the number of items that were not recommended but were interacted with by
users.

These metrics were computed for different values of k to assess the impact of the number of latent features on
recommendation performance.

The experimental setup encompassed data preprocessing, SVD algorithm implementation, recommendation
generation, and performance evaluation using precision, recall, and Fl-score metrics. This comprehensive
approach allowed for a thorough assessment of the effectiveness of integrating SVD into e-commerce micro-media
recommendation systems.

207



J. Electrical Systems 20-9s (2024): 204-211

V. RESULTS

The statistical analysis conducted in this study provides valuable insights into the efficacy of integrating the
Singular Value Decomposition (SVD) algorithm into e-commerce micro-media recommendation data analysis.
Through rigorous experimentation and data-driven evaluation, key performance metrics are quantitatively assessed
to ascertain the algorithm's effectiveness in generating personalized recommendations for users. Upon conducting
data analysis experiments using real-world e-commerce datasets, the study yielded promising results regarding
recommendation accuracy and user satisfaction. The mean recommendation accuracy, as measured by metrics such
as precision, recall, and F1-score, was found to be significantly improved following the integration of SVD into
the recommendation system. Specifically, precision values exceeding 0.8 and recall values surpassing 0.7 indicate
a high degree of relevance and comprehensiveness in the recommendations generated by the algorithm.

Evaluation of mean value with SVD and without SVD
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Fig 2: Evaluation of mean value with SVD and without SVD.

Furthermore, user satisfaction metrics, including user engagement and click-through rates, exhibited notable
enhancements compared to baseline models lacking SVD integration. A significant increase in the proportion of
users interacting with recommended content and completing desired actions, such as making purchases or exploring
additional product offerings, underscores the algorithm's capacity to effectively capture user preferences and
deliver relevant micro-media recommendations. In addition to recommendation accuracy and user satisfaction,
algorithmic performance metrics were rigorously evaluated to assess the computational efficiency and scalability
of the integrated SVD approach. The computational complexity of the algorithm, as reflected in metrics such as
runtime and memory utilization, remained within acceptable bounds even when applied to large-scale e-commerce
datasets comprising millions of user interactions and product attributes.
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Fig 3: Evaluation of runtime and memory utilization with SVD and without SVD.
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Moreover, the scalability of the SVD algorithm was demonstrated through experiments involving incremental
dataset expansions and dynamic content updates. Despite variations in dataset size and compaosition, the algorithm
consistently maintained high recommendation quality and computational efficiency, indicating its suitability for
real-time recommendation systems operating in dynamic e-commerce environments. Notably, the statistical
analysis revealed insights into the latent patterns and factors driving user preferences within e-commerce micro-
media content. By leveraging the latent factors extracted through SVD-based decomposition, the recommendation
system demonstrated a nuanced understanding of user behaviour and content relevance, thereby enhancing the
personalization and contextualization of recommended items. The statistical results obtained in this study
underscore the significance of integrating the Singular Value Decomposition algorithm into e-commerce micro-
media recommendation data analysis. By leveraging advanced mathematical techniques and data-driven insights,
the algorithm facilitates the delivery of highly accurate, personalized recommendations tailored to individual user
preferences, thereby enhancing user satisfaction and engagement, and ultimately, driving business success in the
competitive e-commerce landscape.

VI. DISCUSSION

The results of this study provide compelling evidence for the efficacy of integrating the Singular Value
Decomposition (SVD) algorithm into e-commerce micro-media recommendation data analysis. The discussion
centres on interpreting the statistical findings, identifying implications for practice and research, and addressing
potential limitations and future directions. Firstly, the substantial improvements observed in recommendation
accuracy metrics, including precision, recall, and F1-score, underscore the effectiveness of SVD in enhancing the
relevance and comprehensiveness of recommended micro-media content. The notable increase in precision (15%)
and recall (17%) indicates a significant enhancement in the algorithm's ability to accurately identify relevant items
and capture a broader spectrum of user preferences. This improvement is crucial for optimizing user satisfaction
and engagement, as it ensures that recommended content aligns more closely with individual user preferences and
interests.

Moreover, the enhanced user engagement metrics, particularly the click-through rate, signify a tangible increase in
user interaction with recommended content following SVD integration. The substantial improvement (20%) in
click-through rates highlights the algorithm's capacity to deliver personalized recommendations that resonate with
users, thereby driving higher levels of engagement and potentially leading to increased conversion rates and
revenue generation for e-commerce platforms. Additionally, the computational efficiency of the integrated SVD
approach is noteworthy, as evidenced by the reduction in runtime (5.7 seconds) and memory utilization (1.3 GB)
compared to baseline models without SVD integration. This efficiency is crucial for real-time recommendation
systems operating in dynamic e-commerce environments, as it enables timely delivery of personalized
recommendations without compromising system performance or scalability.

The discussion also acknowledges potential limitations and areas for further investigation. While the study
demonstrates the effectiveness of SVD in improving recommendation quality and computational efficiency, it is
essential to recognize that the performance of recommendation algorithms can vary depending on factors such as
dataset characteristics, algorithm parameters, and evaluation metrics. Future research could explore the impact of
alternative matrix factorization techniques or hybrid recommendation approaches on recommendation quality and
user satisfaction. Furthermore, the study's findings highlight the importance of ongoing optimization and
refinement of recommendation algorithms to adapt to evolving user preferences and market dynamics. Continuous
monitoring of user feedback, behavior patterns, and content consumption trends can provide valuable insights for
enhancing the personalization and relevance of recommended content over time.

VII. CONCLUSION

This study has explored the integration of the Singular VValue Decomposition (SVD) algorithm into e-commerce
micro-media recommendation data analysis, with a focus on its application in teaching contexts. Through
theoretical exploration, practical implementation, and pedagogical considerations, the study has provided valuable
insights into the efficacy of SVD in enhancing recommendation accuracy, user engagement, and computational
efficiency. The findings of the study demonstrate significant improvements in recommendation quality metrics,
including precision, recall, and Fl1-score, following SVD integration. These improvements underscore the
algorithm's ability to generate personalized recommendations tailored to individual user preferences, thereby
enhancing user satisfaction and driving engagement with recommended micro-media content. Moreover, the study
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has highlighted the importance of pedagogical approaches in bridging the gap between theoretical knowledge and
practical application. By integrating algorithmic concepts into teaching curricula, participants are equipped with
the skills and knowledge necessary to navigate the complexities of e-commerce analytics and recommendation
systems effectively. The computational efficiency of the integrated SVD approach is another noteworthy finding,
enabling real-time recommendation generation in dynamic e-commerce environments. The algorithm's ability to
scale efficiently to large datasets while maintaining high recommendation quality bodes well for its practical
applicability in industry settings.
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