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Abstract

This study outlines the development of a Retrieval-Augmented Generation (RAG) application, designed to
efficiently extract, retrieve, and synthesize insightful responses from complex PDF documents. Leveraging
advanced models like Instructor XL for generating high-quality semantic embeddings and Falcon 7B for
sophisticated language generation, this system provides a robust solution for document comprehension in
academic, research, and professional environments. By implementing efficient PDF text processing,
embedding storage with FAISS for rapid similarity-based retrieval, and real-time response generation, the
application transforms unstructured data into accessible, contextually accurate information. A user-
friendly interface, built with Streamlit, enables seamless document interaction, allowing users to upload
PDFs, submit queries, and receive accurate, coherent responses in real-time. This study also discusses
potential enhancements for scalability across multiple domains, including multilingual support, making the
system a versatile tool for research, education, and industry applications. Key features include enhanced
document interaction, efficient information retrieval and generation, providing significant value in data-
rich environments where precise information access is critical.
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INTRODUCTION

In recent years, advances in Natural Language Processing (NLP) have driven transformative changes
across a wide range of applications, from conversational agents and chatbots to complex text
summarization and automated content generation. At the forefront of these advancements are Large
Language Models (LLMs), powerful architectures designed to generate human-like responses, analyse
language, and perform nuanced reasoning tasks. LLMs like OpenAl's GPT-3, Google's BERT, and
Meta's Falcon 7B have redefined our understanding of what machines can achieve in language
understanding and generation [1]. Trained on extensive datasets, these models exhibit an impressive
ability to handle various language-related tasks, positioning them as essential tools for industries and
researchers alike [2].

However, despite the significant capabilities of LLMs, they face inherent limitations. One of the
primary challenges lies in the models' reliance on
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databases or document repositories, where critical information may be embedded within long,
unstructured text [6].

To overcome these limitations, researchers have developed Retrieval-Augmented Generation (RAG)
frameworks, which enhance LLMs by integrating a retrieval mechanism [7]. The RAG architecture
addresses the static knowledge limitation by adding a retrieval component that can search large
databases or text corpora in real time, extracting relevant information to answer a user’s query more
accurately. This architecture represents a hybrid approach: while retrieval enables the model to locate
and filter through relevant information, the generation component, powered by LLMs, crafts responses
that are not only factually accurate but also contextually coherent and human-like [8]. RAG, therefore,
allows for a dynamic interaction with both static and constantly updated datasets, offering a robust
solution for complex, information-dense environments [9].

This study presents the development of a RAG-based PDF reader that is specifically designed to
simplify and enhance document analysis [10]. Our application combines the power of two advanced
models: Instructor XL and Falcon 7B. Instructor XL is a state-of-the-art embedding model known for
its ability to capture rich semantic meanings in text, making it ideal for generating dense vector
representations of PDF content. By creating these vectors, Instructor XL allows for effective
information retrieval within large and complex document datasets. Falcon 7B, on the other hand, serves
as the language generation model. With its impressive generative capabilities, Falcon 7B synthesizes
responses that are clear, contextually relevant, and engaging for the user. This combination allows our
system to provide users with precise, articulate answers to queries about PDF content, making it
particularly valuable for professionals in fields like research, law, and education, where large volumes
of unstructured data are prevalent.

Our project aims to streamline the interaction between users and PDF documents by enabling a RAG-
powered platform where users can upload complex documents, pose queries, and receive insightful
responses within seconds. By leveraging Instructor XL’s embedding capabilities and Falcon 7B’s
generative prowess, this PDF reader not only retrieves relevant information but also constructs coherent
and user-friendly responses. Furthermore, we have developed an intuitive user interface using Streamlit,
allowing users to upload PDF documents, type in their questions, and receive immediate answers. This
interface bridges the gap between the RAG model’s technical depth and the end user’s need for
simplicity and accessibility, ensuring that both technical and non-technical users can benefit from the
system's advanced functionalities.

What is RAG?

RAG blends information retrieval and language generation by first identifying relevant content within
a large corpus, then feeding it to a language model for a synthesized response. Traditional retrieval
techniques like TF-IDF, while effective, often lack context-sensitive interpretation. RAG’s LLM
integration allows it to generate contextually accurate answers, proving particularly valuable in complex
information retrieval scenarios such as legal, medical, or technical document analysis.

Explanation of LLMs

LLMs are sophisticated architectures trained on diverse datasets, capable of performing complex NLP
tasks. However, they are limited to their training data, which can become outdated. Through RAG, the LLM
retrieves relevant, up-to-date data, leading to more precise and context-aware outputs. This integration
addresses limitations in LLMs, making them suitable for real-time, information-dense environments.

Models Used
Instructor XL

Instructor XL generates high-dimensional vector embeddings of textual data, capturing semantic
relationships crucial for effective retrieval. For this project, it translates PDF text chunks into searchable
vector representations, enhancing search precision.
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Falcon 7B

Falcon 7B is an open-source LLM with 7 billion parameters, designed for nuanced response
generation. Its architecture is optimized to deliver high-quality, contextually rich responses, which
makes it ideal for this application’s requirements.

METHODOLOGY

Our approach focuses on integrating PDF processing, embedding generation, retrieval, and response

generation through the following steps:

e PDF Text Extraction and Preprocessing Using libraries like PyPDF2 and pdfplumber, the text is
segmented for embedding. These segments are vectorized via Instructor XL, making them
searchable by relevance.

o Embedding model: Instructor XL: Instructor XL generates vector representations that capture the
meaning of each text chunk, crucial for the next steps of indexing and searching.

o Language model: Falcon 7B: Once relevant content is identified, Falcon 7B takes over,
synthesizing responses that are coherent, accurate, and human-like.

o Embedding storage and retrieval using FAISS: FAISS is employed to manage and quickly search
embeddings, facilitating real-time query responses.

o User-friendly interface: We developed a user interface with Streamlit that allows PDF uploads,
query input, and response display, making the system accessible and user-friendly.

IMPLEMENTATION STEPS
Data Preparation and Embedding

To enable accurate and efficient retrieval, the PDF content is first pre-processed and divided into
smaller, manageable chunks. These text chunks are then passed through Instructor XL, which generates
dense semantic embeddings that capture the contextual meaning of the content. These embeddings,
serving as compact representations of the text, are subsequently stored in FAISS, a vector database
optimized for similarity-based searches. By storing the embeddings in this format, the system ensures
that relevant information can be quickly retrieved based on user queries, even within large documents.

Efficient Retrieval

FAISS (Facebook Al Similarity Search) plays a critical role in handling large-scale embedding data,
allowing the system to perform rapid and accurate similarity-based searches. When a user submits a
query, FAISS enables quick retrieval of the most relevant text embeddings, connecting user questions
to the most pertinent sections of the document. This process significantly enhances response time and
ensures that even complex or nuanced queries are matched with appropriate document content, making
the retrieval process both effective and efficient.

Response Generation

Once the most relevant text chunks are retrieved, they are processed by Falcon 7B, a large language
model capable of producing coherent and contextually relevant responses. Falcon 7B synthesizes the
retrieved information into a single, articulate answer, ensuring the response is not only accurate but also
easy for the user to understand. The model’s advanced generative capabilities allow it to handle complex
questions and provide insightful, human-like responses, making the interaction with the system more
intuitive and productive.

User Interaction Interface

To facilitate easy access and interaction, we developed a user-friendly interface using Streamlit, an
open-source app framework for machine learning and data science applications. This web-based
interface enables users to upload PDF documents, submit their queries, and receive responses in real
time. The intuitive design and smooth functionality of the interface ensure an accessible and seamless
experience, making it suitable for users across various industries and technical backgrounds. By
integrating document upload, query input, and answer retrieval into a single platform, the interface
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enhances the overall usability of the system, providing a streamlined and interactive environment for
document analysis.

RESULT AND EVALUATION

Our system has demonstrated strong performance in effectively answering complex document
queries, with Instructor XL significantly enhancing retrieval accuracy and Falcon 7B generating
coherent, contextually relevant responses. Key metrics, including accuracy, relevance, and response
time, were carefully evaluated, and the results indicated consistently high levels of precision and
coherence in the answers provided. The model’s ability to retrieve relevant information quickly and
generate well-structured responses highlights its effectiveness in diverse document types, ranging from
academic papers and technical documentation to legal texts and research reports. This adaptability
underscores the system’s broad applicability and its substantial potential as a valuable tool for handling
complex, unstructured content across various fields.

DISCUSSION

Our application highlights the significant value that Retrieval-Augmented Generation (RAG) systems
bring to environments where nuanced and thorough document analysis is essential. By integrating
Instructor XL and Falcon 7B with FAISS, our RAG-based PDF reader achieves rapid, contextually
accurate retrieval and generation, setting a new standard for interaction with complex, unstructured text.
Instructor XL’s semantic embedding capabilities allow the system to parse and organize document
content into a structured, searchable format, while Falcon 7B’s language generation enables the creation
of clear, relevant, and human-like responses. This combination allows users to access critical
information quickly and reliably, transforming how they engage with intricate text sources.

The application is especially valuable in fields where precise information extraction is crucial, such
as law, medicine, research, and academia. In legal research, for example, where understanding specific
clauses and precedents is vital, the PDF reader can extract highly relevant sections from lengthy legal
documents, providing professionals with the insights they need to make informed decisions. In the
medical field, the system could assist healthcare professionals by retrieving relevant findings, case
studies, or treatment protocols from medical research documents, thereby supporting evidence-based
practice and improving patient outcomes.

Moreover, our approach represents a scalable and adaptable solution for any domain that depends on
timely and accurate information retrieval. The use of FAISS ensures that our system can handle large
volumes of data efficiently, making it suitable for real-time applications in industries where speed and
reliability are paramount. FAISS's indexing capabilities enable rapid similarity search, allowing the
system to match user queries with the most relevant document sections in seconds. This efficiency is
particularly advantageous for users who require immediate responses to complex queries, such as
researchers working under tight deadlines or corporate teams preparing reports.

Future improvements to the system could involve supporting additional document types beyond
PDFs, such as Word documents, PowerPoint presentations, and HTML-based web content, broadening
its usability across different formats. Expanding the system to accommodate multiple languages would
also enhance accessibility, enabling users across various linguistic backgrounds to benefit from the
platform’s capabilities. Additionally, optimizing the user interface for industry-specific use cases could
further tailor the experience, with customizations for fields like legal research, financial reporting, or
academic analysis. This would allow the application to provide a more targeted and intuitive user
experience, catering to the unique needs of professionals in different domains.

In summary, our application demonstrates the transformative potential of RAG-based systems for
document analysis, providing a streamlined and intelligent solution for users who need fast, accurate,
and contextually aware responses. By continuing to expand its functionality and refine its capabilities,

© STM Journals 2025. All Rights Reserved 48



Journal of Computer Technology & Applications
Volume 16, Issue 1
ISSN: 2229-6964 (Online), ISSN: 2347-7229 (Print)

this system has the potential to become an invaluable tool across various industries, ultimately bridging
the gap between raw data and meaningful insights.

CONCLUSION

This study introduces a cutting-edge Retrieval-Augmented Generation (RAG)-based PDF reader that
combines the advanced capabilities of Instructor XL and Falcon 7B to streamline document interaction.
By integrating powerful semantic embedding and language generation technologies, our application
addresses the challenges associated with analysing complex, unstructured documents, providing users
with an accessible, real-time tool for extracting and understanding critical information. Instructor XL's
robust embedding capabilities enable the system to process and index vast amounts of text, allowing
for precise retrieval of relevant information, while Falcon 7B’s generative strengths facilitate the
creation of coherent, contextually accurate responses. Together, these models lay the foundation for an
efficient and intuitive approach to document comprehension, with broad implications for industries that
rely heavily on detailed document analysis, such as research, education, law, and healthcare.

Our work highlights the potential of RAG-based systems to transform document-based workflows,
empowering users to interact with complex information sources in a more meaningful way. This
application demonstrates significant progress toward making high-quality NLP tools accessible to users
with varying levels of technical expertise. Additionally, the system’s user-friendly interface built with
Streamlit enhances usability, making it easy for users to navigate large PDF files, pose questions, and
retrieve insights in real time.

Future efforts on this project will concentrate on several crucial aspects to improve its flexibility and
influence. First, refining the model’s performance through additional fine-tuning and optimization will
improve response accuracy and processing speed. Another priority is to enhance language support,
ensuring that users from diverse linguistic backgrounds can effectively utilize the system. Lastly,
enhancing scalability to handle larger datasets and more specialized domains will open up new
possibilities for application across industries. By advancing in these areas, this RAG-based PDF reader
has the potential to become an indispensable tool for efficient, comprehensive document analysis in
both professional and academic contexts.
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