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1. Introduction:
1.1. Background:


In the evolving landscape of computer science education, Automata Theory remains one of the most intellectually demanding courses for students at California State University. This complexity often leads to significant challenges in understanding foundational concepts and problem-solving techniques. To address this educational gap, our project team, along with our project sponsor Russ Abbot and our project liaison Yuqing Zhu, has developed a virtual chatbot designed to assist students in Automata Theory. Our team was strategically divided into two primary groups: the Research Group, tasked with studying academic needs and the existing solutions, and the Development Group, responsible for building and implementing the virtual assistant.


Challenges and Limitations of Existing Solutions

Automata Theory, a core component of theoretical computer science, explores abstract machines and the computational problems that can be solved using these machines. Due to its abstract nature, students frequently struggle with grasping its theoretical underpinnings and applying these concepts to solve practical problems. Our preliminary research indicated that while several digital resources exist, most are passive and lack the interactive support necessary to aid in effective learning.


Existing solutions, including textbooks, online forums, and video tutorials, provide substantial theoretical knowledge but do not offer personalized guidance or interactive problem-solving sessions, which are crucial for understanding Automata Theory. Additionally, most resources do not adapt to individual learning paces or provide real-time feedback, leaving students without the help they need when they need it most.

Motivation Behind the Proposed Solution

Motivated by these gaps in educational support, our group aimed to create a solution that not only facilitates a deeper understanding of Automata Theory but also engages students in an interactive learning process. Our chatbot aims to provide instant feedback, personalized learning paths, and a supportive platform to practice and master complex concepts, thereby enhancing overall academic success.

Unique Achievements of the Project

By customizing the training of the ChatGPT-4 model specifically for Automata Theory, our project has pioneered a method of focused AI application in higher education. This specialized training allows the virtual assistant to handle the intricacies and depth of Automata Theory content, setting a new standard for AI in academic settings.

We were able to integrate an AI-driven chatbot within a Streamlit application for educational purposes. This integration has allowed us to create a highly interactive and user-friendly interface that enhances students' learning experiences we hope can be modified and implemented for other future courses as well. 

Individual Contributions

The Research Team played a pivotal role in laying the foundational knowledge required to tailor our virtual assistant to the needs of Automata Theory students. Their initial task involved a thorough investigation into the current educational technologies, focusing particularly on artificial intelligence and its application in learning environments. They delved deep into the capabilities and limitations of large language models (LLMs), exploring how these models can be optimized for educational purposes.

The Development Team was responsible for bringing the insights of the Research Team to life by creating a functional and user-friendly virtual assistant. They chose to utilize OpenAI's technology, particularly the ChatGPT-4 model, for its advanced natural language processing capabilities, which are well-suited for the nuanced explanations and interactions required by Automata Theory.

To develop the user interface, the team employed Streamlit, a framework that enables rapid deployment of apps for machine learning and data science projects. This choice was driven by Streamlit’s ability to create sleek, interactive applications that can operate seamlessly with backend AI systems like ChatGPT-4.

Distinctiveness from Previous Solutions

Unlike generic educational chatbots, our virtual assistant is specifically designed for Automata Theory. It incorporates course material taken directly from CSULA’s Automata Theory curriculum, including the syllabus, lecture slides, and homework. This specificity ensures that students receive relevant and accurate assistance that is directly tailored to this specific class. The information which is presented is pulled directly from the course data not from the web ensuring higher accuracy.



1.2. Design Principles:

The key design principles for our Automata Theory virtual assistant project were guided by the goal of creating a robust and scalable educational tool that is specifically tailored to the needs of Automata Theory students, while being adaptable to various learning environments. The primary deliverable of our project is the virtual assistant, which is built upon a customizable AI framework using the ChatGPT-4 model. This framework is designed so that it is initially configured for Automata Theory, but it can be retrained or adjusted for other academic disciplines without dependency on specific course content. To ensure usability for individuals without deep technical expertise in AI, our design includes a simple to use interface. The virtual assistant is integrated within a Streamlit application, which showcases its functionalities and provides a direct interface for student interaction. This application is designed to be intuitive and user-friendly, and designed to stay on topic. 

Finally, given the continuous development in educational technologies and AI, the entire project is structured to allow for easy updates and maintenance. This ensures that as Automata Theory and related educational methodologies evolve, the virtual assistant can be seamlessly updated or expanded, maintaining its relevance and effectiveness in the educational landscape.

1.3. Design Benefits:

The design of our Automata Theory virtual assistant incorporates strategic features that enhance the learning experience by maintaining focus and fostering independent problem-solving skills. One of the core benefits of this design is its ability to stay on topic and gently steer conversations back to relevant subject matter. This ensures that students remain engaged with the core concepts of Automata Theory, enhancing their understanding through targeted discussion rather than deviating into less relevant areas.

Additionally, the virtual assistant is programmed to guide students towards discovering solutions on their own rather than providing direct answers immediately. This scaffolding approach promotes deeper learning and critical thinking, as students are encouraged to explore and connect concepts independently before receiving comprehensive explanations. By prompting students with leading questions or offering hints, the assistant helps build their analytical skills and confidence in tackling complex theoretical problems. This educational strategy not only makes the learning process more interactive and engaging but also prepares students for higher levels of academic and professional problem-solving, where self-guided learning is invaluable.

1.4. Achievements:

In testing the capabilities of our Automata Theory virtual assistant, one of the key functionalities evaluated was its ability to convert nondeterministic finite automata (NFA) into deterministic finite automata (DFA). This function, critical for understanding and applying core automata concepts, was facilitated by integrating specific callable functions within the AI framework that execute these conversions graphically.

The experimental results were highly promising. The virtual assistant successfully demonstrated its capacity to interpret user input, process the underlying NFA data, and generate accurate DFA diagrams. This not only validated the technical effectiveness of the function calling mechanism we incorporated but also showcased the practical utility of the assistant in aiding students with complex automata transformations. User feedback highlighted the clarity and accuracy of the diagrams, as well as the assistant's ability to facilitate a deeper understanding of the conversion process. These results affirm the virtual assistant's potential as an invaluable learning tool, enhancing student engagement and comprehension in Automata Theory coursework.


2. Related Technologies:

2.1. Existing Solutions:

Several existing works have addressed the challenge of enhancing learning in complex subjects like Automata Theory, with tools like JFLAP and Automata Tutor providing valuable resources. These platforms offer visualizations and automated feedback, aiding students in understanding computational theories and problem-solving. However, our virtual assistant advances beyond these earlier solutions by providing a tailored learning experience specifically designed for CSULA's Automata Theory course. Unlike general-purpose educational tools, our virtual assistant is integrated with function-calling capabilities that fetch information directly from the course syllabus, lecture slides, and homework assignments. This direct integration ensures that the assistance provided is highly relevant and aligned with the specific curriculum and educational goals of CSULA's course. This customization allows for a more focused and effective learning aid, making our virtual assistant a superior tool for CSULA students navigating the complexities of Automata Theory.

2.2. Chosen Techniques:

The choice of techniques and technologies for implementing our Automata Theory virtual assistant was driven by the specific needs of the course and the overall goal of providing a highly effective educational tool. We selected the ChatGPT-4 model due to its advanced natural language processing capabilities, which are crucial for creating an intuitive and conversational learning experience. 

We integrated the assistant with Streamlit because of its efficiency in deploying interactive applications. Streamlit enables rapid development and deployment, this approach ensured that we could provide a user-friendly interface that is accessible on various devices, enhancing student engagement.

Furthermore, the use of function-calling to interact with course-specific data like the syllabus, slides, and homework assignments ensures that the assistant remains highly relevant to the course it serves. This direct linkage to course materials allows the virtual assistant to provide contextually appropriate help, reinforcing learning directly aligned with instructors' goals and the curriculum. By choosing these techniques, we ensured that the virtual assistant would not only be functional and responsive but also deeply integrated with the educational objectives of CSULA's Automata Theory course.
















3. System architecture:

3.1. Overview:

Here is a diagram (DFD level 0) that shows how this architecture works:
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3.1.1 Automathon
· Functionality: Focuses on conversions between different types of finite automata, specifically Non-deterministic Finite Automaton (NFA) and Deterministic Finite Automaton (DFA).
· Interaction: Exchanges DOT language scripts with Graphviz for the purpose of diagram rendering.
3.1.2 Graphviz
· Functionality: Used for rendering diagrams, here specifically to visualize state diagrams of automata.
· Interaction: Receives DOT scripts from Automathon and sends back rendered state diagrams.
3.1.3 Streamlit
· Functionality: Serves as the user interface framework, managing the front-end GUI, session states, and server-client communications.
· Interaction: Acts as the bridge between the user and the backend services (Automathon, Graphviz, OpenAI Assistants).
3.1.4 OpenAI Assistants
· Functionality: Provides backend AI capabilities, including generative AI, function execution, file handling, and thread management.
· Interaction: Communicates with Streamlit to handle complex AI tasks and session-based interactions, managing data and executing AI-driven operations.


3.2. Data Flow:

This is our DFD level 1:
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3.2.1. User Interaction
· Start: The user provides input through the Streamlit interface. This input is termed as the "User Prompt."
· End: The user receives a "Final Response" as the output, displayed on the Streamlit interface.
3.2.2. Streamlit Software
· User Prompt Handling: Streamlit first displays the user prompt on the screen and appends this message to the session for context management.
· Perform Calculations: It can perform calculations or process data using embedded Python code, which is likely part of the logic built into the Streamlit app.
· OpenAI Assistants Interaction: After initial processing, Streamlit sends data to OpenAI Assistants for further processing. It then waits to receive a response from OpenAI.
· Parse and Display Response: Once the response from OpenAI Assistants is received, Streamlit parses this response, formats it if necessary, and displays it back to the user while also appending it to the session for continuity.


3.2.3. OpenAI Assistants
· Processing User Prompts: On receiving the input from Streamlit, this component processes the prompt according to predefined instructions, which could involve natural language understanding or other AI tasks.
· Function Calls: The processing might require calling specific functions, which are executed with arguments that were possibly prepared or refined by Streamlit.
· File Upload: Administrators can upload files (e.g., PDFs), which OpenAI Assistants process. This processed data is used to enhance the response or maintain the system's knowledge base.
· Generate Final Response: After all necessary processing and function executions, a final response is generated and sent back to Streamlit for presentation to the user.
3.2.4. Data Exchange Summary
· User to Streamlit: Initial prompt input.
· Streamlit to OpenAI Assistants: Sends processed user input and requests further AI-driven processing.
· OpenAI Assistants to Streamlit: Sends back the processed data or the final result of the AI operations.
· Streamlit to User: Displays the final response.

3.3. Implementation and Algorithms

3.3.1 Implementation
Step 1: Development Environment
1. Install Python. Ensure Python is installed in system.
2. Install Python libraries.
a. OpenAI – To connect to OpenAI’s Assistant API.
b. Graphviz – To render state diagrams.
c. Pydot – To parse DOT language script.
d. Automathon (version 0.0.14) – To convert between DFA and NFA.
Step 2: Accounts Setup
1. Create an OpenAI account and generate an API key.
2. Create an Assistant at OpenAI, and setup the Assistant API.
a. Engineer proper system instructions.
b. Define a GPT model
c. Upload all required PDFs to store into vector store.
d. Define function structures in JSON format
3. Create a Github repository and clone to a local working directory.
4. Create a Streamlit account and connect a new project to the Github repository.
5. Store OpenAI API key into Streamlit runtime environment file.
Step 3: Write the Chatbot Application
1. Import all required libraries.
2. Connect application to OpenAI API.
3. Create Function Call helper functions.
a. A function to convert DFA to NFA
b. A function to convert NFA to DFA
c. A function to render a DOT script to a state diagram image
4. Create new session ID.
5. Create a new thread in session.
6. Create a messages container in session.
7. Create a listener function to parse user prompts.
a. Display user message on screen.
b. Send user message to OpenAI Assistant API.
c. Create a thread run to process the user message from OpenAI.
8. Create a listener function to wait for thread run completion.
a. If function call is required.
i. Call the appropriate function with function name and arguments provided by GPT’s response.
ii. Obtain returned result from the function and forward it back to GPT.
b. Otherwise.
i. Process GPT response and output to user.
Step 4: Deploy the Chatbot
1. Commit and push code to Github.
2. Refresh Streamlit.






3.3.2 Algorithms

1. Language Model (GPT 4 Turbo)
· Transformer Architecture – This is the backbone of OpenAI’s models. The transformer uses self-attention mechanisms to process input text, enabling it to handle long-range dependencies and understand context better than prior models based on RNNs or CNNs.
· Fine-Tuning – GPT 4 Turbo is trained on more than one trillion parameters, allowing it to generate human-like responses.
· Tokenization – The input text is tokenized into pieces using variant BPE algorithms, which helps in efficiently processing the text and dealing with a wide vocabulary.
2. API Communication
·  HTTP Requests – The chatbot application sends HTTP requests to the OpenAI API using methods like POST to submit the user’s input and receives responses.
· JSON Parsing – The data exchange between the application and OpenAI API is in JSON format, where the request includes parameters like the prompts, max tokens, and receiving generated responses.
3. Streamlit for User Interface
· Interactive Components – Streamlit provides built-in functions to quickly create interactive elements such as text inputs, buttons, and display areas, facilitating a smooth user interaction with minimal coding.
· Reactivity – The framework operates on an event-driven model that reruns the script when user interactions occur. Streamlit’s caching system updates only the necessary components based on the user’s actions enhancing performance.








	







4. Conclusions:

4.1. Results:


The results from testing our Automata Theory virtual tutor have been exceptionally promising, particularly in its ability to accurately generate diagrams from NFA to DFA. Unlike other AI-driven tools, such as the standard implementations of ChatGPT which often struggle with creating meaningful and accurate graphs due to their general-purpose nature, our virtual assistant excelled in this aspect. This success is largely attributed to the specialized function-calling feature integrated within our system, which directly interacts with Automata Theory-specific data and algorithms. When tasked with converting an NFA to a DFA, our virtual tutor leveraged these capabilities to produce precise and educationally valuable diagrams. The accurate graph generation by our virtual tutor marks a significant achievement in applying AI to specialized educational content, offering a tangible improvement in learning tools available for Automata Theory students.



4.2. Future:

The success of our Automata Theory virtual tutor has laid a solid foundation for its application to other academic subjects and more complex levels within the same domain. Currently, our system is finely tuned for Automata Theory at a fundamental level, effectively handling standard course content and tasks such as converting NFAs to DFAs. However, the architecture and design principles underlying our virtual tutor hold significant potential for broader application.

In future iterations, other groups or project teams can extend our work to cover higher-level Automata Theory problems and more advanced topics within the field. The modular nature of our AI framework, especially the function-calling feature that interacts with specific course data, allows for scalable adaptation. This means that with appropriate modifications and additional training, the virtual tutor could be equipped to handle more sophisticated problems.

Furthermore, the approach we have pioneered can serve as a blueprint for developing virtual tutors for other subjects. By replicating the model of integrating subject-specific data with advanced AI capabilities, future projects can create customized educational tools for disciplines ranging from mathematics to computer science and beyond. This adaptability not only enhances the utility of our initial project but also encourages ongoing innovation in educational technology, pushing the boundaries of what AI can achieve in academic environments.
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