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Abstract—The increasing volume of business data makes manual data cleaning, analysis,
visualization, forecasting, and reporting time-consuming. This paper presents a Multi-Agent
Business Intelligence (BI) Platform that automates the complete business analytics workflow
using Artificial Intelligence and Machine Learning. The system uses five specialized Al
agents, orchestrated through LangGraph, for data cleaning, analytics, visualization,
forecasting, and executive report generation. Users can upload business datasets in multiple
formats, which are automatically validated, cleaned, and analysed to identify KPIs, trends,
and patterns. Machine Learning and time-series models are used to forecast future business
trends, while automated visualizations provide better understanding of the data. An Al-
based reporting agent generates a structured executive report containing key insights,
forecasts, and recommendations. The proposed platform integrates Python, FastAPI,
LangGraph, LangChain, Machine Learning, PostgreSQL, and Next.js to provide an efficient
and automated approach to business intelligence and data-driven decision-making.

Index Terms—Multi-Agent Al, Business Intelligence, LangGraph, Data Analytics, Large
Language Models, Machine Learning, Data Cleaning, Predictive Analytics, Data
Visualization, Automated Reporting, Business Forecasting, Executive Insights.

L INTRODUCTION

The *Multi-Agent BI Platform™ is an Al-powered Business Intelligence system designed to
automate the end-to-end process of business data analysis and reporting. Traditional data analysis
requires significant time for data cleaning, metric calculation, visualization, forecasting, and report
preparation. The proposed platform integrates these tasks into a single automated system using five
specialized Al agents: *Data Cleaning Agent, Analytics Agent, Visualization Agent, Forecasting
Agent, and Executive Report Agent*.

Users can upload business data in formats such as CSV, Excel, JSON, Parquet, and XML. The
agents work sequentially through *LangGraph* to clean and analyze the data, handle missing
values and duplicates, detect outliers, calculate KPIs, identify trends and anomalies, and generate
meaningful business visualizations. The Forecasting Agent uses models such as *Prophet,
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XGBoost, ARIMA, and Linear Regression* to predict future trends and revenue. Finally, the
Executive Report Agent generates a professional *CEO-ready PDF report* containing key findings,
KPIs, forecasts, recommendations, risk factors, and charts.

The platform combines *Artificial Intelligence, Machine Learning, Data Analytics, Data
Visualization, and Business Intelligence* to provide faster and consistent decision support. It is
implemented using *Python, FastAPI, LangGraph, LangChain, Llama 3.3 70B, PostgreSQL,
Next.js, Matplotlib, and machine learning libraries*. By automating the complete analytics pipeline,
the system reduces manual effort and enables organizations to convert raw business data into
actionable insights efficiently.

II. LITERATURE SURVEY

The integration of Artificial Intelligence (AI) and Machine Learning (ML) into Business
Intelligence (BI) has significantly improved the ability of organizations to analyze large and
complex datasets. Traditional BI systems mainly focus on dashboards, visualization, and
descriptive analytics, but they often require significant manual effort for data preparation and
interpretation.

Research in automated data analytics has explored techniques for data cleaning, preprocessing,
feature engineering, and exploratory data analysis to reduce the dependency on manual operations.
These approaches improve data quality and provide a reliable foundation for further analytical tasks.
However, many existing systems treat these processes as independent steps rather than as a unified
automated workflow.

Recent developments in Large Language Models (LLMs) have introduced new possibilities for
natural-language data analysis and automated insight generation. LLM-based systems can interpret
analytical results and convert complex numerical information into understandable business
summaries. However, relying on a single Al model for the complete analytics process may limit
reliability, task specialization, and control.

Multi-Agent Al systems address this limitation by dividing complex tasks among multiple
specialized agents. Frameworks such as LangChain and LangGraph enable agents to communicate,
maintain shared state, and execute sequential or conditional workflows. Such architectures can
combine data processing, analytical reasoning, forecasting, and report generation within a single
pipeline.

III.  PROBLEM STATEMENT
Organizations generate large amounts of business data, but manual data cleaning, analysis,

visualization, forecasting, and reporting are time-consuming and repetitive. There is a need for an
automated system that can quickly convert raw business data into useful insights. The proposed
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*Multi-Agent BI Platform™® uses five Al agents with *LangGraph* to automate the complete BI
process and support faster decision-making.

The main problem is the lack of a single automated system that can process different business data
formats and quickly convert raw data into meaningful insights. Manual analysis can also lead to
repetitive work, inconsistent reports, and delays in decision-making.

Therefore, there is a need for an Al-powered Multi-Agent BI Platform that can automatically clean
and analyze business data, generate visualizations, perform machine-learning-based forecasting,
identify important trends and anomalies, and produce an executive-ready report in a short time. The
proposed system addresses this problem by using five specialized Al agents orchestrated through
LangGraph to automate the complete business intelligence pipeline.

IV.  MOTIVATION

Before n today’s business environment, organizations generate large amounts of data from sales,
customers, inventory, payments, and other business activities.

Analyzing this data manually is time-consuming and requires technical expertise. The Multi-Agent
BI Platform is motivated by the need to automate the complete business intelligence process using
Al, Machine Learning, and Data Analytics.

The system uses specialized Al agents to clean data, perform analytics, generate visualizations,
create forecasts, and prepare executive reports. The main motivation is to reduce manual effort,
save time, improve decision-making, and make complex business data easier to understand. It also
provides businesses with faster and data-driven insights through an automated Al-powered platform

V. PROPOSED SYSTEM

The proposed Multi-Agent BI Platform is an Al-powered Business Intelligence system that
automates the complete process of business data analysis. It uses 5 specialized Al agents built with
LangGraph to perform data cleaning, analytics, visualization, ML forecasting, and report
generation.

The user can upload a business data file, and the system automatically processes the data and
generates meaningful insights. It reduces manual work and provides faster, accurate, and easy-to-

understand business information.

Key Features
» Automated Data Cleaning: Detects missing values, duplicates, incorrect formats, and outliers.
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» Business Analytics: Analyzes sales, revenue, profit, customers, inventory, and other business
metrics.

» Al-Powered Visualization: Generates meaningful charts and graphs automatically.

* ML Forecasting: Predicts future sales, revenue, and business trends.

» Multi-Agent Architecture: Different Al agents independently handle specialized tasks.

* Automated Report Generation: Creates a professional CEO-ready PDF report.

* Fast Processing: Provides complete analysis with minimum manual intervention.

* Decision Support: Helps businesses understand trends and make data-driven decisions.

Proposed Workflow: Upload Data — Data Cleaning — Business Analytics — ML Forecasting —
Visualization — Al Insights — PDF Report.

VI.  PROPOSED METHODOLOGY

The proposed methodology uses a Multi-Agent Al architecture to automate the complete Business
Intelligence process. The system follows a sequential workflow where each Al agent performs a
specific task and passes its output to the next agent.

Methodology Steps :

1. Data Upload — User uploads business data in formats such as CSV, Excel, JSON, etc.

2. Data Validation — The system checks the file structure, data types, missing values, and data
quality.

3. Data Cleaning Agent — Removes duplicates, handles missing values, detects outliers, and
standardizes data formats.

4. Analytics Agent — Performs statistical and business analysis to identify important KPIs, trends,
and patterns.

5. ML Forecasting Agent — Applies Machine Learning models to predict future sales, revenue, and
other business metrics.

6. Visualization Agent — Automatically generates charts and graphs based on the analysis.

7. Report Generation — Combines the results into a professional executive PDF report with key
insights and forecasts

8. Output & Decision Support — Presents the final results to users to support faster and data-driven
business decisions.

Proposed Workflow Business Data — Validation — Data Cleaning Agent — Analytics Agent —
ML Forecasting Agent — Visualization/Report Agent — Executive Insights & PDF Report
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VII.  SYSTEM ARCHITECTURE

User uploads
CSV/Excel/JSON
FastAPI Japi/analyze
Agent 1: Data Cleaning

Agent 2: Analytics

e e

Agent 4: Forecasting -
Prophet/XGBoost/ARIMA

Agent 5: Executive Report
- Groq LLM + PDF

Next.js Dashboard Neon PostgreSQL - job
history

KP! Cards + Charts + Tables

The platform follows an eight-stage pipeline — from raw Business Data ingestion through the Data
Cleaning, Analytics, Visualization, Forecasting, and Executive Report agents — culminating in
Actionable Insights and measurable Business Impact. Each agent operates on a shared state object
with built-in error isolation, so a failure in one agent does not halt the overall pipeline.

VIII. MODULE DESCRIPTION
The Multi-Agent BI Platform consists of several modules, where each module performs a specific

task in the business data analysis process.
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1. Data Upload & Validation Module Allows users to upload business datasets in formats such as
CSV, Excel, JSON, and Parquet. The system validates the file structure, columns, data types,
and overall data quality.

2. Data Cleaning Module Automatically cleans the uploaded data by handling missing values,
duplicate records, incorrect formats, outliers, and inconsistent data. It prepares the dataset for
further analysis.

3. Business Analytics Module Performs detailed analysis of business data to identify sales trends,
revenue, profit, customers, products, regions, and important KPIs.

4. ML Forecasting Module Uses Machine Learning algorithms to analyze historical data and predict
future values such as sales, revenue, and business trends.

5. Visualization Module Automatically generates meaningful charts, graphs, and visual
representations of the analyzed data for easy understanding.

6. Al Insight Module Uses Al agents to identify important patterns and provide natural-language
business insights, such as reasons for revenue changes or products requiring attention.

7. Report Generation Module Combines analytics, visualizations, forecasts, and Al-generated
insights into a professional CEO-ready PDF report.

8. Multi-Agent Orchestration Module Uses LangGraph to coordinate specialized Al agents and
control the flow of information between different modules, making the complete analysis
process automated and organized.

IX. HARDWARE & SOFTWARE REQUIREMENTS

A. Hardware
Requirements | Hardware Minimum Requirement
Processor Intel Core 15 / AMD Ryzen 5 or above
RAM 8 GB minimum, 16 GB recommended
Storage 256 GB SSD or above
Display 1366 x 768 resolution or higher
Internet Stable Internet connection
GPU Optional; NVIDIA GPU recommended for intensive ML workloads

B.Software Requirements

Software / Technology | Purpose
Operating System Windows 10/11, Linux, or macOS
Python Core programming and data processing
Pandas & NumPy Data manipulation and numerical analysis
Scikit-learn Machine Learning and forecasting
LangGraph Multi-agent workflow orchestration
LLM / Generative Al Al-powered insights and analysis
MySQL Database management and storage
Excel Data preparation and analysis
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Power BI Interactive business dashboards

Matplotlib / Plotly Data visualization

Jupyter Notebook / VS Code Development environment
Git & GitHub Version control and project management

X. EXPECTED OUTCOME

The proposed Multi-Agent BI Platform is expected to provide the following outcomes:

» Automated Data Processing: Business data can be uploaded and processed with minimal manual
effort.

* Improved Data Quality: Missing values, duplicates, inconsistent formats, and outliers can be
identified and handled automatically.

* Faster Business Analysis: Important KPIs, trends, and patterns can be generated quickly.

* Accurate Visualizations: Meaningful charts and graphs will make complex business data easier
to understand.

» ML-Based Forecasting: Future sales, revenue, and other business trends can be predicted using
Machine Learning.

» Al-Generated Insights: The system will provide easy-to-understand insights from analytical
results.

» Automated Reporting: A professional CEO-ready PDF report will be generated automatically.

* Reduced Manual Work: Multiple BI tasks will be integrated into a single automated workflow.

* Better Decision Support: Managers can use the generated insights and forecasts for data-driven
business decisions.

» Scalable AI Platform: The system can be extended with additional AI agents, databases,
dashboards, and advanced analytics in the future.

XI.  ADVANTAGES & LIMITATIONS

A. Advantages
» Automation: Automates data cleaning, analysis, visualization, forecasting, and report generation.
* Saves Time: Reduces the time required for manual data processing and analysis
* Reduced Manual Effort: Minimizes repetitive tasks performed by data analysts.
» Al-Powered Insights: Generates meaningful business insights using Al agents.
* ML Forecasting: Predicts future business trends using Machine Learning.
* Multiple File Formats: Supports different business data formats such as CSV, Excel, and
JSON.
* Easy Visualization: Automatically generates charts and graphs for better understanding.

B. Limitations

* Data Quality Dependency: Poor-quality or incomplete input data may affect the results.
* Internet Dependency: AI/LLM-based features may require a stable internet connection.
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* Processing Limitations: Very large datasets may require higher computing resources.

» Al Accuracy: Al-generated insights and forecasts may not always be completely accurate.

* Model Dependency: Forecasting performance depends on the quality and quantity of historical
data.

* API/LLM Cost: Using external Al models or APIs may involve usage costs.

* Security Requirements: Sensitive business data requires proper authentication, encryption, and
access control.

» Limited Domain Understanding: The system may require customization for highly specialized
industry

XII.  FIGURES AND TABLES

The Multi-Agent BI Platform can be further enhanced with advanced Al, real-time analytics, and
enterprise-level features.

» Real-Time Data Analysis: Integrate live data from APIs, databases, [oT devices, and streaming
platforms. ¢ Natural Language Queries: Allow users to ask questions such as “Why did sales
decrease this month?” and receive Al-generated answers.

* Advanced Al Agents: Add specialized agents for fraud detection, customer segmentation,
inventory optimization, and risk analysis.

* Cloud Deployment: Deploy the platform on cloud services for accessibility, scalability, and easier
collaboration.

» Advanced Forecasting: Implement advanced ML and Deep Learning models for improved
prediction of sales, demand, and revenue.

* Interactive Power BI Integration: Connect the platform directly with Power BI for dynamic
dashboards and real-time reporting.

* Database Integration: Support direct connections with MySQL, PostgreSQL, SQL Server, and
cloud databases.

 Multilingual Support: Provide business insights and reports in multiple languages.

» Automated Alerts: Send notifications when unusual trends, revenue drops, or important business
events are detected.

* Enterprise Security: Introduce role-based access, encryption, authentication, and secure data
management. * Self-Learning Agents: Develop agents that can learn from previous analysis and
improve their recommendations over time.
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