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Abstract

Maintaining clear, up-to-date documentation is one of the most persistent challenges in software development, particularly in 
fast-moving, open-source codebases touched by many contributors over time. Developers frequently lose the context behind 
their own past changes and struggle to understand contributions made by others, while existing tools are ill-suited to bridge  
this  gap:  general-purpose  note-taking  applications  such  as  Notion  and  Evernote  are  disconnected  from  source-code 
repositories, and code-documentation generators such as Javadoc and Doxygen are language-specific and limited to static, 
comment-derived output. This paper presents CodeNote.ai, a GitHub-integrated note-taking and documentation platform 
designed specifically for developers. The system combines repository fetching, Abstract Syntax Tree (AST)-based code 
analysis, and template-driven automated documentation generation with the ability to attach contextual notes directly to 
specific files and code snippets. A React, Node.js, Express.js, and MongoDB stack implements repository ingestion, change 
tracking, and documentation generation, with structured JSON summaries designed to be consumable by downstream AI  
agents. We describe the system architecture, the engineering challenges encountered during implementation. We present an 
evaluation of documentation accuracy comparing AST-based analysis against a non-AST baseline on selected open-source 
repositories, where the AST-enhanced pipeline achieves up to 85% accuracy in structural context retrieval, outperforming the 
non-AST baseline.

Keywords: note-taking application; GitHub integration; automated documentation; Abstract Syntax Tree; code 
comprehension; developer productivity tools

1.0 Introduction

Maintaining clear and accessible documentation is a persistent challenge in software development, especially 
within open-source projects where many contributors work on the same codebase over time and coordination 
happens asynchronously across distributed teams. Developers frequently need to recall the intent behind code 
they wrote weeks or months earlier, or to understand a colleague's changes without a lengthy conversation. 
Traditional documentation workflows rely on manually written comments and wiki pages that quickly fall out of 
sync with the code, while general-purpose note-taking applications are not built to reference specific files,  
functions, or commits.

This paper presents CodeNote.ai, a note-taking and documentation platform built specifically for developers  
and integrated directly with GitHub. The system fetches repository data, analyzes code structure using an Abstract 
Syntax Tree (AST), and automatically generates structured documentation, while allowing developers to attach  
contextual notes to specific code segments. By combining automated analysis with a note-taking interface, 
CodeNote.ai aims to reduce the friction of switching between an IDE and a separate documentation tool, and to 
keep documentation synchronized with the underlying code with minimal manual effort.

The remainder of this paper is organized as follows. Section II reviews related work on documentation 
practices and existing developer tools. Section III introduces the system and the technologies used to build it.  
Section  IV  describes  the  system  architecture  and  methodology.  Section  V  discusses  key  implementation  
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challenges and the solutions adopted. Section VI presents a preliminary evaluation of AST-based analysis and its 
limitations. Section VII concludes the paper and outlines future work.

2.0 Related Work

2.1 Documentation and Note-Taking Tools

General-purpose note-taking applications such as Evernote, Notion, and Microsoft OneNote offer strong 
organizational features but are disconnected from source-code repositories, forcing developers to switch context 
between an IDE and a separate application; prior work on integrated note-taking tools argues that closing this gap 
improves developer productivity [1]. Code-documentation generators such as Javadoc and Doxygen address a 
related but different problem: they extract API documentation from source comments, but are language-specific, 
depend on developers writing and maintaining comments manually, and produce static output that does not  
capture the reasoning behind a change.

2.2 Documentation Practices in Software Development

Several  studies  highlight  documentation  as  a  persistent  weak  point  in  software  engineering  practice. 
Theunissen, van Heesch, and Avgeriou [2] conducted a mapping study of documentation practices in Continuous 
Software Development, noting that Agile and DevOps workflows put pressure on teams to preserve knowledge 
without the overhead of formal documentation. Pikkarainen et al. [3] similarly emphasize documentation's role as 
a communication channel among developers, users, and other stakeholders across the software development 
lifecycle. Zahedi, Shahin, and Babar [4] describe how insufficient documentation contributes to knowledge-
sharing challenges in distributed, global software development teams. Stacy and Cain [5] examine note-taking 
more broadly and argue that structured note-taking supports long-term retention, a finding Wetcho [6] extends to 
technical contexts by framing note-taking as a way of retaining implementation knowledge across a development 
team.

2.3 GitHub as a Collaboration and Automation Platform

GitHub has become a central  platform not  only for  version control  but  also for  collaborative software 
engineering  practice  and  research.  Dabbish  et  al.  [7]  describe  how GitHub's  transparency  features  shape 
collaboration and social coding behavior. Feliciano, Storey, and Zagalsky [8] and Chen, Toro-Moreno, and 
Subramaniam [9] document GitHub's use in educational and research settings respectively, underscoring its role 
beyond industry codebases. Saroar et al. [10] discuss how the GitHub API and GitHub Marketplace enable 
automation of development workflows, while Bouzenia and Pradel [11] analyze resource usage and optimization 
opportunities within GitHub Actions workflows specifically. Wu et al. [12] study practices around release notes 
on GitHub, a documentation artifact closely related to the summaries CodeNote.ai aims to generate automatically.

2.4 AI-Assisted and Structural Code Analysis

Recent work has explored using AI to assist documentation and code-comprehension tasks. Dvivedi et al. [13] 
benchmark several large language models on inline, function-, and file-level code documentation generation, 
finding that most match or exceed human-written documentation quality, while Nam et al. [14] show, through a  
user study of an LLM-based IDE plugin, that prompt-less in-context explanations improve code-comprehension 
task completion over web search. At the workflow level, Stray et al. [15] offer a more tempered view, finding in a 
longitudinal study of GitHub Copilot adoption that perceived productivity gains do not always correspond to  
measurable increases in commit-based output. A key enabling technique for structural code analysis is Abstract  
Syntax Tree (AST) parsing: Neamtiu, Foster, and Hicks [16] demonstrate how AST matching can be used to track 
source code evolution across versions, an approach closely related to the AST-based analysis used in CodeNote.ai 
to extract functions, classes, and modules from a repository.

Taken together, this body of work motivates the need for a tool that unifies three capabilities existing systems 
provide only in isolation: (i) GitHub-native repository access, (ii) structural code analysis, and (iii) developer-
oriented note-taking. CodeNote.ai is designed to occupy this gap.

3.0 System Overview

CodeNote.ai is a note-taking application purpose-built for software developers, with particular attention to the 
needs of open-source contributors. The system connects to a user's GitHub account, fetches repository contents  
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and metadata, and analyzes code structure to generate documentation and contextual summaries automatically.  
Developers can additionally attach their own notes to specific files or code snippets, search notes by file or 
snippet,  and export consolidated documentation. The goal is to keep documentation synchronized with the 
codebase with minimal manual effort, while preserving the flexibility of a traditional note-taking tool.

3.1 Technology Stack

Table I summarizes the primary technologies used to implement CodeNote.ai.

Table I. CodeNote.ai Technology Stack

Layer Technology and Purpose

Frontend
React.js, Redux, Tailwind CSS — component-based UI, 

global state management, and responsive styling.

Backend Node.js, Express.js — REST API and application logic.

Database
MongoDB — flexible, document-oriented storage for 

notes, snippets, and metadata.

Integration
GitHub API, Axios/Fetch API — repository fetching, 

commit tracking, and HTTP communication.

Documentation OpenAPI — interface documentation for backend services.

Deployment
Docker — containerized, consistent runtime environments 

across development and production.

4.0 System Architecture and Methodology

4.1 Request Flow

Fig. 1 illustrates the high-level request flow. A client sends a request containing a repository URL, target files, 
and an analysis type as a JSON payload. The backend fetches the repository and passes the relevant files to an  
AST analyzer; its output is forwarded to an automatic documentation module and a context-creation step. The 
result is compiled into a JSON report describing code structure and generated documentation, which is returned to 
the client.
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Fig. 1. High-level request flow for repository analysis and documentation generation.

4.2 Data Ingestion Module

The Data Ingestion Module is responsible for retrieving and tracking repository data. Repository fetching uses 
the GitHub API to retrieve files, commit history, and metadata for a given repository. Change tracking monitors 
repositories for new commits or file modifications so that only modified files are re-analyzed, reducing redundant 
processing. Fetched data is persisted in MongoDB in a structured form for efficient retrieval by other modules.

4.3 Documentation Engine

The Documentation Engine analyzes the ingested code and produces structured output. Code analysis parses 
the codebase using AST-based techniques [16] to identify functions, classes, modules, and their relationships.  
Documentation generation populates predefined Markdown/HTML templates with information extracted during 
analysis, ensuring consistent output across projects, while a customization layer allows users to define project-
specific templates.

4.4 Note-Taking Workflow

Fig. 2 shows the end-to-end user workflow. After logging in and connecting a GitHub account, the user's  
repositories are fetched, and the note-taking feature allows creating and managing notes, linking notes to specific 
files or snippets, and searching notes by file or snippet. Edits are saved back to GitHub, and users can view or  
export consolidated documentation.
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Fig. 2. Workflow of the CodeNote.ai note-taking feature.

4.5 Request Sequence

Fig. 3 details the interaction sequence between the client, backend, repository, documentation engine, and 
downstream  AI  agents  for  a  single  analysis  request.  The  backend  validates  the  target  repository  before  
proceeding; on a valid repository it analyzes code structure, optionally generates documentation, and creates  
context for the client, while an invalid repository results in an error response. Generated context can optionally be 
forwarded to external AI agents (e.g., ChatGPT or Gemini) for further assistance, before a JSON response is 
returned to the client.

Fig. 3. Sequence diagram of a repository analysis request, including the optional AI-agent hand-off.

4.6 Implementation Steps

Implementation  proceeded  through  six  stages:  (1)  GitHub  API  integration,  including  OAuth-based 
authentication and handling of API rate limits; (2) development of AST-based parsing algorithms capable of  
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handling  multiple  programming  languages;  (3)  design  of  Markdown/HTML documentation  templates;  (4) 
automation logic to populate templates from analysis output; (5) unit, integration, and end-to-end testing of each 
module; and (6) performance benchmarking against large repositories with subsequent optimization.

5.0 Implementation Challenges and Solutions

Table II  summarizes the key engineering challenges encountered during development and the solutions  
adopted, several of which draw on established practice for real-time web synchronization, database performance 
tuning, and debugging asynchronous systems.

Table II. Key Implementation Challenges and the Solutions Adopted in CodeNote.ai

Challenge Solution Adopted

Complex backend structure

Modular routing in Express.js with single-responsibility 
services (repository fetching, documentation generation, 

authentication) and centralized middleware for logging and 
error handling.

Cross-Origin Resource Sharing (CORS)
Backend dynamically whitelists trusted origins via 

environment variables using Express CORS middleware, 
restricting access to approved clients only.

Asynchronous data synchronization
WebSockets provide bidirectional, real-time updates; 

Redux manages frontend state so UI components refresh 
automatically when repository data changes.

GitHub API rate limiting
In-memory caching, request batching, and an exponential-

backoff retry mechanism reduce redundant calls and 
handle rate-limit errors gracefully.

Performance bottlenecks on large repositories
MongoDB indexing and server-side caching of generated 
documentation; analysis is limited to modified files rather 

than the full repository.

Error handling and debugging in an asynchronous system
Centralized error-handling middleware with structured 
logging (Winston) and alerting configured for critical 

failures.

Documentation consistency across projects
Predefined Markdown/HTML templates automatically 

populated from analysis results, with optional per-project 
customization.

Authentication and security for private repositories
OAuth 2.0 authorization; access tokens are encrypted at 
rest, with expiration and refresh handled transparently.

UI/UX usability for developers

Tailwind CSS for a responsive, minimal interface; syntax 
highlighting, note search, real-time documentation 

previews, and a dark-mode option, informed by developer 
feedback.

Data storage optimization
MongoDB's flexible schema stores references to file paths 

and diffs rather than full file contents, reducing storage 
overhead while preserving fast retrieval.

6.0 Results and Discussion

6.1 Evaluation Setup

To evaluate the performance of the documentation-analysis pipeline, we compared the accuracy of code 
analysis produced with and without AST-based parsing. The evaluation was conducted across three established 
open-source Node.js repositories (including Express and Axios) analyzed over ten iterations of the pipeline. This 
benchmarking is designed to assess AST's contribution in a real-world, multi-contributor codebase environment.

6.2 Findings
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In this  study,  accuracy is  defined as the percentage of correctly identified structural  elements (such as 
functions, classes, and dependency links) out of the total verifiable elements present in the target files.

As shown in Fig. 4, the AST-enhanced pipeline maintained a consistently higher accuracy than the non-AST 
baseline across all ten iterations, with the gap widening slightly as iterations progressed. This is consistent with 
the expectation that structural parsing of code — identifying functions, classes, and their relationships [16] — 
provides more reliable input to the documentation-generation step than analysis based on surface-level text alone.

Fig. 4. Accuracy of the documentation-analysis pipeline with and without AST-based parsing, over ten pipeline iterations on the internal 
test set.

Fig. 5 summarizes the same comparison as a single end-point measurement, showing that the final-iteration 
accuracy for the AST-based configuration reached approximately 85%, against a lower final-iteration accuracy 
for the non-AST baseline.
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Fig. 5. Final-iteration accuracy with and without AST-based parsing, on the same evaluation set as Fig. 4.

6.3 Limitations

While the evaluation on the selected open-source repositories demonstrates accuracy improvements using 
AST, the current study primarily focuses on JavaScript/Node.js environments. Large-scale benchmarking across 
diverse programming languages and direct empirical comparisons against established static tools such as Javadoc 
or Doxygen remain areas for future work.

7.0 Conclusion and Future Work

This paper presented CodeNote.ai, a GitHub-integrated note-taking and documentation platform designed for 
developers. By combining repository fetching, AST-based code analysis, and template-driven documentation 
generation with a note-taking interface that links directly to code, CodeNote.ai addresses a gap between general-
purpose note-taking tools, which lack code awareness, and code-documentation generators, which lack flexible, 
human-authored context. We described the system architecture, the engineering challenges encountered during 
implementation,  and  an  evaluation  showing that  AST-based  analysis  improves  the  accuracy  of  automated 
documentation relative to a non-AST baseline on the repositories tested.

Future work includes conducting a larger, controlled evaluation across multiple repositories, languages, and 
well-defined accuracy metrics; benchmarking against established tools such as Javadoc and Doxygen; extending 
AST-based  analysis  to  additional  programming  languages;  and  building  on  continuous-integration  and 
documentation practices from agile development to keep generated documentation synchronized automatically as 
repositories evolve. We also plan to explore tighter integration with AI coding assistants, building on the JSON 
context summaries the system already produces, so that generated context can be passed directly to AI agents to 
support code comprehension and decision-making.
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