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ABSTRACT

« This project aims to design and implement a cloud-based video streaming platform that leverages the power of cloud computing to provide scalable, reliable, and
efficient video streaming services.

« The proposed solution utilizes cloud infrastructure to handle video storage, processing, and delivery. Key components include cloud storage solutions for scalable
video file management, Content Delivery Networks (CDNSs)

The system architecture includes a client-side interface built with modern web and mobile technologies, allowing users to access and interact with the content
seamless

Cloud-based video streaming refers to the delivery of video content over the internet using cloud infrastructure, as opposed to traditional distribution methods like
cable or satellite. In this model, video content is stored, processed, and delivered through a network of remote servers, ensuring global accessibility and scalability.
Cloud video streaming typically involves components such as content delivery networks (CDNs), video encoding and transcoding, cloud storage, and streaming
protocols (e.g., HLS, DASH). It offers significant benefits like cost-efficiency, global reach, scalability, and reliable performance. Popular platforms such as Netflix,
YouTube, and Amazon Prime Video utilize cloud technology to deliver high-quality, on-demand video to users worldwide. However, challenges like bandwidth
limitations, latency, and security concerns still require attention.
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1. Introduction

The rise of digital media and the proliferation of high-speed internet have transformed the way people consume video content. From streaming services
like Netflix and YouTube to live broadcasts of events and educational webinars.

By utilizing cloud infrastructure, organizations can handle large volumes of video data and support a global audience without the limitations of physical
hardware. The benefits of cloud-based streaming are profound—offering cost savings, seamless delivery across various devices, reduced latency, and the
ability to reach a global audience. Services like Netflix, YouTube, and Amazon Prime Video are prime examples of how cloud technology has
revolutionized video consumption.

Despite its advantages, there are still challenges, such as managing bandwidth demands, reducing latency, ensuring content security, and controlling
operational costs. However, with the continued advancement of cloud services and streaming technologies, these challenges are progressively being
addressed.

Cloud-based video streaming is now a cornerstone of the modern media and entertainment landscape, enabling businesses to offer dynamic content
experiences while providing users with instant access to high-quality video, anytime and anywhere.

2. Problem Definition
2.1 Existing System

0 Bandwidth and Latency Issues:
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Streaming high-quality video, especially in HD or 4K formats, requires substantial bandwidth and low-latency connections. Users in regions with slower
internet speeds or network congestion may experience buffering, reduced video quality, and interruptions. Ensuring consistent and high-quality delivery
of video content across diverse network environments is a key challenge.

0 Security and Content Protection:

With the widespread availability of cloud platforms and easy access to video content, securing digital media against piracy, unauthorized access, and
theft becomes a major concern. Digital Rights Management (DRM), encryption, and other security measures must be implemented to protect content
without compromising user experience.

O Cost Management:

Cloud infrastructure, while flexible and scalable, can lead to unpredictable costs as video libraries grow and traffic spikes occur. Organizations need to
optimize their cloud usage, manage storage, bandwidth, and transcoding costs, and prevent overspending on resources, especially in the case of live
streaming events or high-volume content distribution.

2.2 Problem Statement

As modern databases grow increasingly complex, existing Text-to-SQL systems face major limitations when attempting to generate accurate SQL queries
from natural language inputs, particularly in production environments. These systems often rely on static, one-dimensional representations of database
schemas that fail to account for the hierarchical and relational nature of real-world databases. This results in inaccurate SQL generation, especially when
dealing with multi-table joins, complex relationships, and dynamic schema changes. Furthermore, traditional approaches struggle to capture the semantic
constraints inherent in database structures, leading to query errors and a lack of contextual understanding between tables and fields.

In addition, current systems often do not adapt well to evolving database schemas, which are common in large-scale enterprise environments. As schema
changes (such as added or removed tables, altered relationships, or modified field types) occur, these systems require manual updates and re-engineering
to accommodate such changes, slowing down their utility and scalability. Moreover, the complexity of querying large, interconnected databases places a
significant burden on performance, making it challenging to generate accurate SQL queries quickly, especially in real-time environments.

Therefore, there is a need for a more adaptive, schema-aware solution that can accurately interpret natural language queries, generate precise SQL queries,
and dynamically handle schema changes without compromising query performance. The SchemaTree architecture proposes a solution to address these
challenges, offering a scalable, dynamic approach to Text-to-SQL generation that works efficiently with complex and evolving database schemas.

3. Proposed System

Adaptive Bitrate Streaming with Intelligent QoS (Quality of Service) Management

e  Adaptive Bitrate Streaming (ABR) will be implemented to automatically adjust video quality based on the user's internet speed and device
capabilities. The system will utilize protocols such as HLS (HTTP Live Streaming) and DASH (Dynamic Adaptive Streaming over HTTP)
to dynamically deliver the best video quality, minimizing buffering and maintaining a smooth user experience even under fluctuating network
conditions.

e  Real-Time Network Monitoring will be used to monitor network conditions, allowing the platform to adjust video bitrate and resolution in
real-time based on the user's current network performance, ensuring optimal playback at all times.

4. Literature Review

The rapid growth of internet-based video streaming services has driven significant advancements in cloud computing, content delivery networks (CDNs),
video encoding, and real-time streaming technologies. A variety of approaches have been explored in literature to optimize video delivery, security,
scalability, and cost-efficiency in cloud-based streaming. This literature review examines the key research areas and technological advancements that
contribute to the development of modern cloud-based video streaming systems.

1. Cloud-Based Video Streaming Architecture

Cloud-based video streaming leverages distributed computing resources, enabling content providers to deliver video content to global audiences in a
scalable, cost-effective, and reliable manner. According to Kandukuri et al. (2009), cloud computing provides a robust platform for video hosting,
transcoding, and distribution, where content is stored in data centers and streamed via CDNs. This approach replaces traditional content delivery methods,
reducing the need for dedicated infrastructure and offering better performance through cloud elasticity.

e  Key Findings:

o  Cloud-based platforms offer dynamic scalability, allowing streaming services to adapt to fluctuating demand (e.g., during live
events).
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O The use of cloud services like Amazon Web Services (AWS), Google Cloud, and Microsoft Azure for video hosting and CDN
distribution has become mainstream, providing cost-effective solutions for video content delivery at scale.

O Hossain et al. (2012) emphasize the role of cloud video-on-demand (VoD) platforms in democratizing video distribution by
offering affordable and scalable solutions for content providers.

2. Content Delivery Networks (CDNs) and Edge Computing

One of the primary challenges in cloud-based video streaming is delivering high-quality video with minimal latency. The deployment of Content Delivery
Networks (CDNs) significantly reduces latency and ensures that video content is delivered to users quickly, regardless of geographical location. According
to Nguyen et al. (2014), CDNs rely on strategically distributed servers to cache video content at locations closer to end-users, optimizing both delivery
speed and bandwidth usage.

e  Key Findings:

o  Edge Computing has emerged as an extension of CDN technology, where computing resources are deployed at the network edge
to handle processing closer to the end-user (e.g., transcoding, adaptive bitrate switching) to further reduce latency.

O  Liuetal. (2017) suggest that edge servers, combined with multi-CDN strategies, can offer higher performance in delivering video
content by dynamically choosing the best CDN for a given region or time.

O  The research by Chen et al. (2020) indicates that integrating machine learning-based load balancing techniques in CDNs can
dynamically adjust content distribution to optimize for real-time demand, further improving quality and reducing buffering.

3. Adaptive Bitrate Streaming (ABR) and Quality of Service (QoS)

Adaptive Bitrate Streaming (ABR) protocols such as HLS (HTTP Live Streaming) and MPEG-DASH are widely adopted for cloud-based video
streaming. These protocols adjust video quality in real-time based on the user's bandwidth, ensuring continuous playback without buffering. Research by
Begen et al. (2015) highlights the effectiveness of ABR in providing smooth video playback across devices with varying network conditions.

4.6 Neural Architectures and Attention Mechanisms

The role of neural architectures, particularly attention mechanisms, has been crucial in advancing Text-to-SQL systems. Yu et al. [7] developed
SyntaxSQL, incorporating graph neural networks for improved syntax awareness. This was complemented by Chen and Wu's [10] RASAT architecture,
which introduced relation-aware schema attention networks.

4.7 Unified Approaches

Recent trends show a movement toward unified approaches that combine multiple techniques. Zhang et al. [3] proposed UniSAR, a unified structure-
aware representation that integrates various aspects of Text-to-SQL conversion. This trend continues with Rahman and Lee's [17] TREELLM, which
combines tree-structured architectures with language models.

4.8 Challenges and Future Directions

Despite significant progress, several challenges remain in Text-to-SQL systems. These include handling complex nested queries, managing ambiguous
natural language inputs, and ensuring robustness across different database schemas [19]. The integration of graph neural networks, as demonstrated by
Johnson and Gardner [19], offers promising directions for addressing these challenges.

4.9 Current Research Gap

While existing research has made substantial progress in various aspects of Text-to-SQL systems, there remains a significant gap in integrating tree-based
architectures with modern LLM capabilities while maintaining robust schema awareness. Our research addresses this gap by proposing a novel tree-based
architecture that combines hierarchical schema representation with advanced LLM processing, offering improved accuracy and robustness in SQL query
generation.
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5.Methodology
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This methodology represents the process of transforming a natural language query from a user into an SQL query using schema analysis and LLM (Large
Language Model) processing. The workflow begins with user interaction, where the user inputs a natural language query. This input is passed to the
Schema Analyzer, which is composed of the SchemaAnalyzer Class. The role of this class is to initialize the process, analyze the query, and build a
schema tree structure.

The Schema Tree Builder constructs a hierarchical tree that organizes the database schema into a structure with a Root Node and connected Table Nodes,
which further branch out into fields and relationships. The schema analysis involves identifying relevant tables and fields within the database schema that
pertain to the user’s query, which is referred to as Table Analysis.

Once the analysis is complete and the relevant data is identified, the system extracts the key aspects of the query and proceeds to the LLM Processing
stage. Here, a system prompt is generated based on the findings from the schema analysis and is sent to the Grog API, which processes the prompt to
generate responses. The responses undergo further processing in the Response Processing phase.

The final stage is Query Generation, where the system outputs an SQL query that fulfills the user’s original request. Additionally, explanations are
provided to clarify how the query was constructed, and related questions may be suggested to enhance user understanding or provide further exploration
options. This methodology ensures that the user’s natural language input is translated accurately into structured SQL queries, enhancing database
interactions and providing comprehensive outputs.

In conclusion, the SchemaTree architecture presents a significant advancement in the field of Text-to-SQL generation, addressing key challenges faced
by traditional systems in handling complex, real-world database schemas. By introducing a dynamic, tree-based schema representation and integrating it
with Large Language Models (LLMs), SchemaTree enables more accurate, context-aware SQL query generation. The system's ability to capture both
structural relationships and semantic constraints ensures that it can generate correct SQL queries even for intricate multi-table joins and evolving schemas,
making it a robust solution for enterprise-scale applications. Furthermore, the architecture’s adaptability to schema changes, coupled with its enhanced
query analysis framework and prompt engineering, ensures that the system remains efficient and accurate over time, without the need for manual updates
or re-engineering.

The experimental results demonstrate the system's superior performance, with notable improvements in query accuracy, error reduction, and query
generation speed compared to existing solutions. This positions SchemaTree as a highly scalable and reliable tool for bridging the gap between natural
language interfaces and complex database management systems. As organizations continue to demand more intuitive, user-friendly methods of interacting
with their data, SchemaTree offers a promising solution for transforming natural language queries into executable SQL in a highly efficient and secure
manner.
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