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Abstract 

In today’s data-driven environment, non-technical users often struggle to access and analyze data stored in 

relational databases due to a lack of knowledge in SQL. This research presents Talk2DB, a user-friendly web 

application designed to bridge this gap by allowing users to interact with a MySQL database using natural 

English queries. The goal is to empower store owners and managers with simple data retrieval and 

visualization tools without requiring technical expertise. The application uses Streamlit for the frontend and 

integrates Gemini for natural language processing and SQL query generation. The backend is secured with 

SQLAlchemy and bcrypt for user authentication. Core features include English-to-SQL conversion, SQL-to-

Excel data downloads, file uploads with previews, automated visualizations with textual insights, and a 

centralized dashboard for interactive data exploration. System evaluation demonstrated that Talk2DB 

effectively lowers the technical barrier for data access, enhancing usability and supporting better decision-

making for non-technical users. Tests conducted on a sample retail database showed users retrieving valuable 

insights quickly using plain English queries. The successful implementation of Talk2DB highlights its potential 

as a practical solution for real-time business analytics, especially suited for small to medium-sized enterprises. 

It simplifies the data interaction process and provides meaningful insights without the need for SQL 

knowledge, making data analysis more inclusive and efficient. 

Keywords: Data visualization; Database interaction; Natural language processing; SQL automation; 

Streamlit application. 

 

1. Introduction  

In the contemporary data-centric business 

environment, the ability to access and interpret data 

is paramount for informed decision-making. 

However, the technical barrier posed by Structured 

Query Language (SQL) often limits data accessibility 

for non-technical users, such as small business 

owners and retail managers. Recent advancements in 

natural language processing (NLP) and artificial 

intelligence (AI) have paved the way for intuitive 

interfaces that translate natural language queries into 

SQL, thereby democratizing data access. Studies 

have explored various methodologies to bridge this 

gap, including the use of pattern matching and 

semantic analysis to interpret user intent and generate 

corresponding SQL queries. Additionally, deep 

learning models, such as recurrent neural networks 

(RNNs) and transformer architectures, have been 

employed to enhance the accuracy and efficiency of 

natural language to SQL conversion. Despite these 

advancements, challenges remain in creating systems 

that are both accurate and user-friendly for non-

technical individuals. The integration of NLP 

techniques with user-centric design principles is 

crucial to developing applications that facilitate 

seamless interaction with databases [1]. This paper 

introduces Talk2DB, a web-based application 

designed to empower users to interact with MySQL 

databases through natural language queries. 

Leveraging the capabilities of Google's Gemini for 

query interpretation, Talk2DB offers features such as 
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secure user authentication, data visualization, and 

Excel export functionality. The originality of this 

work lies in its holistic approach, combining 

advanced NLP techniques with a user-friendly 

interface to enhance data accessibility for non-

technical users. 

1.1 Motivation Behind Talk2DB 

In today's data-driven landscape, most business 

decision-makers and small-scale entrepreneurs rely 

on insights derived from data. However, many of 

these stakeholder’s lack proficiency in SQL, which 

limits their ability to interact directly with relational 

databases. While traditional Business Intelligence 

(BI) tools provide dashboards and visualizations, 

they often require pre-defined queries or technical 

expertise for customization. The motivation behind 

Talk2DB stems from this accessibility gap. By 

enabling users to interact with databases using natural 

language queries, Talk2DB democratizes data 

analytics and empowers users to obtain meaningful 

insights without writing a single line of SQL. The 

project particularly addresses the needs of 

supermarket managers, store owners, and small 

businesses, where quick decision-making based on 

real-time data is crucial but technical support is often 

limited [2].  

1.2 Scope and Objectives of the Proposed 

System 

The core objective of Talk2DB is to create an AI-

powered, user-friendly web application that allows 

users to query a MySQL database using natural 

language. The application is designed to accept 

English language inputs, interpret the intent, generate 

accurate SQL queries, execute them on the database, 

and display the result in a readable format. 

Additionally, it includes features for data preview, 

visualization using charts, report generation, and data 

export to Excel. 

The scope extends to: 

 Natural Language to SQL conversion using 

Google’s Gemini model. 

 Secure authentication system using 

SQLAlchemy and bcrypt. 

 Data upload and preview functionality. 

 Automated chart generation with insights using 

Streamlit. 

 A well-integrated dashboard experience for 

business analytics. 

 This system is intended to function as a plug-

and-play solution for any relational dataset, 

providing a foundation for future expansion into 

other domains such as healthcare, HR analytics, 

or logistics. 

2. Method  

The development of Talk2DB involved the 

integration of Natural Language Processing (NLP), 

database querying, and data visualization techniques 

into a cohesive web-based application. The system 

was built using Python for backend logic, Streamlit 

for the interactive web interface, and MySQL for 

database management. Below is a breakdown of the 

core methods used in implementing the system:  

2.1 Natural Language Query Processing 

The system accepts English text input from users and 

utilizes Google’s Gemini model for translating 

natural language into SQL queries. The model was 

integrated via an API that interprets user intent and 

returns the most appropriate SQL query. Prompt 

engineering techniques were used to refine the input 

context, enhancing query accuracy. Similar 

approaches for translating natural language to SQL 

have been previously explored by Solanki & Kumar 

(2022) and Kumar et al. (2022).  

2.2 Database Connectivity and Execution 
Once the SQL query is generated, the application 

establishes a secure connection to a MySQL database 

using SQLAlchemy. The query is executed, and 

results are fetched in tabular format. The system 

includes exception handling to manage invalid 

queries and user input errors. 

2.3 Data Upload and Preview 

The platform provides functionality for users to 

upload Excel files. The uploaded file is converted 

into a Pandas DataFrame for previewing the contents. 

This facilitates dataset exploration prior to querying 

or visualization. 

2.4 Automated Visualization and Insights 

Generation 

To make the results more interpretable, the 

application automatically generates visualizations 

(e.g., bar charts, line graphs, pie charts) based on the 

output of the SQL queries. The visualization engine 
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uses Python libraries such as Plotly and Matplotlib. 

Insights are generated alongside the charts using rule-

based logic combined with NLP summarization 

techniques [3]. 

2.5 Secure User Authentication 

User login and registration are handled using 

SQLAlchemy for database communication and 

bcrypt for secure password hashing. This ensures that 

only authorized users can access and query their 

datasets. Figure 1 shows Home Page of Talk2db App. 

 

 
Figure 1 Home Page of Talk2db App 

 

3. Results and Discussion  

3.1 Results  

The Talk2DB system was evaluated using a sample 

MySQL database named chatgpt, which simulated a 

supermarket's operational data. The database 

contained tables such as products, sales, inventory, 

and customers. The evaluation focused on measuring 

the system’s ability to accurately generate SQL 

queries, execute them, and return meaningful results 

based on natural language input from end users. 

3.1.1 Design of Experiments 

 A set of 30 natural language queries was 

prepared, covering various data retrieval 

scenarios like filtering, aggregation, joins, and 

grouping. 

 Test cases included both simple (e.g., “Show all 

products in stock”) and complex queries (e.g., 

“Show total sales by product category in March 

2024”). 

 Accuracy was measured by comparing generated 

SQL outputs against manually written, correct 

queries. 

3.1.2 Results Summary 

Table 1 Performance Test Results 

Query 

Type 

Number 

of Tests 

Accuracy 

(%) 

Avg. 

Response 

Time 

(sec) 

Simple 

Select 
10 100% 1.2 

Aggregation 7 94% 1.5 

Joins (2+ 

tables) 
8 90% 1.7 

Group By / 

Conditions 
5 88% 1.6 

 

 Data Upload Feature successfully processed 

.xlsx files with up to 10,000 rows without delay 

or crash. 

 Automated Visualizations were generated 

within 2–3 seconds after query execution. 

 Insights Text Summarization had over 90% 

relevance, based on manual review. 

Visual examples of query-to-chart transformation 

were also included in the application UI to validate 

system usability. Table 1 shows Performance Test 

Results. 

3.2 Discussion  

The results from the Talk2DB system evaluation 

demonstrate its potential as a practical and efficient 

tool for non-technical users to interact with databases 

using natural language [4]. The system's ability to 

accurately interpret user input and generate SQL 

queries with minimal error (ranging from 88% to 

100% accuracy, depending on the query type) 

validates the effectiveness of using NLP models, such 

as Google's Gemini, for natural language-to-SQL 

translation. 

3.2.1 Response Time 

The average response time of 1.5–2 seconds for query 

execution and data visualization generation is within 

an acceptable range for real-time database 

interactions. This low latency is crucial for ensuring 

a smooth user experience, especially for business 

stakeholders who require quick insights for decision-

making. Further optimization could be explored in 
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terms of database query efficiency or parallel 

processing, which may reduce response times as the 

dataset grows in size. 

3.2.2 Data Upload and Visualization 

The data upload feature performed as expected, 

processing up to 10,000 rows with no performance 

degradation. This scalability shows that Talk2DB can 

handle relatively large datasets without 

compromising on speed or reliability. The 

automated visualization feature was equally 

effective, converting data into easily interpretable 

charts within seconds. However, there is potential for 

more complex visualizations or interactive 

dashboards to further enhance the user experience, 

especially for users in large organizations or 

enterprises who may need more detailed insights. 

3.2.3 Text Summarization of Insights 

The text summarization of insights derived from 

query results was highly relevant, with over 90% of 

the summaries deemed accurate by manual review. 

This feature effectively distills key takeaways from 

raw data, allowing users to gain actionable insights 

without needing to delve into the details. 

Nevertheless, improving the summarization logic, 

perhaps through a more advanced NLP model, could 

reduce the chance of ambiguous or overly 

generalized insights. Figure 2 shows Upload and Data 

Set Preview Page. 

 

 
Figure 2 Upload and Data Set Preview Page 

 

Conclusion 

In this study, we presented the Talk2DB system, a 

web-based platform designed to empower non-

technical users to interact with MySQL databases 

using natural language queries. The results and 

discussion confirm that the system successfully 

bridges the gap between complex database querying 

and user accessibility by enabling natural language 

inputs to be converted into SQL queries. The high 

accuracy rates, particularly in simple and aggregate 

queries, validate the effectiveness of the NLP model 

in understanding and translating user intent [5]. 

Despite achieving strong performance in most query 

types, the system's handling of more complex queries 

involving joins and multi-table operations 

demonstrated a slight drop in accuracy, indicating 

areas for further enhancement. The fast response 

times and efficient data upload and visualization 

features highlight the potential of Talk2DB as a 

practical tool for small business owners and other 

non-technical users, allowing them to easily retrieve, 

analyze, and visualize their data. In conclusion, 

Talk2DB represents a significant step toward 

democratizing data analytics and empowering 

individuals and businesses without SQL knowledge 

to make data-driven decisions. Future improvements 

in query complexity handling and text summarization 

could further elevate its utility and applicability in a 

broader range of domains. 
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