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Abstract: Database management systems(DBMS), which offer dependable data storage and retrieval techniques, are
essential parts of contemporary applications. However, preserving consistency between database instances can be
extremely difficult in dynamic development settings with several teams and running concurrent processes. Data
inconsistencies and schema incompatibilities are frequently caused by manual error, platform-specific variations, and
frequent changes. Existing database synchronization solutions are frequently platform-specific, concentrate on either
schema or data comparison, and fall short in fully addressing both issues. In order to automate the process of schema and
data comparison across diverse DBMS systems, such as MySQL, PostgreSQL, and Microsoft SQL Server, this paper
proposes a Database Comparison Tool. Additionally, the application creates SQL scripts to synchronize differences, which
improves database consistency and minimizes manual labor. The tool guarantees scalability and user-friendly interaction
using a modular design built with Flask (backend) and React.js (frontend). Results from experiments show how accurate
and efficient it is at managing big databases, meeting a crucial demand for database administrators and developers.

Keywords: Automation, Schema Comparison, Data Integrity, Database Discrepancy Detection.
L INTRODUCTION

1.1 Background Databases serve as the cornerstone of most applications, powering data storage and retrieval
processes across diverse industries such as healthcare, finance, and e-commerce. With the advent of distributed systems
and cloud computing, organizations often operate in multi-environment workflows involving development, testing,
staging, and production environments. Each environment may have its own database instance, leading to challenges in
maintaining consistency. Changes in schema or data during development are not always propagated consistently to other
environments, leading to mismatched table structures, missing columns, or outdated data. Furthermore, the use of multiple
DBMS platforms within organizations exacerbates the problem, as platform-specific differences in schema representation
and data handling must be reconciled.

1.2 Problem Statement The synchronization of databases across environments presents several challenges:

. Schema Mismatches: Differences in tables, columns, data types, and constraints can cause applications to fail
or behave unpredictably.

. Data Inconsistencies: Missing, modified, or additional rows in one database compared to another can lead to
inaccurate reports or business insights.

. Manual Synchronization: Existing processes often involve manual comparison and updates, which are time-
consuming and error-prone.

. Platform-Specific Limitations: Most available tools are tailored to specific DBMS and lack the flexibility to

handle cross-platform scenarios.
1.3 Objectives This research aims to develop a Database Comparison Tool that:

Automates the comparison of schema and data across two databases.

Supports cross-platform DBMS, including MySQL, PostgreSQL, and MS SQL.
Generates SQL scripts for one-way and two-way synchronization.

Provides an intuitive web-based user interface for easy interaction.

Ensures scalability for large-scale databases with complex structures.
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1L LITERATURE REVIEW

As I reviewed current database comparison tools, I concentrated on identifying strategies and tools that would be practical
and functional with the resources typically available in mid-scale or educational environments. My goal was to bridge the
gap between high-end enterprise solutions and adaptable, resource-friendly systems that institutions and developers could
feasibly deploy for maintaining consistency across heterogeneous databases.

Recent developments in database synchronization and schema comparison reveal a noticeable transition from traditional,
platform-specific utilities to more flexible, cross-platform frameworks that prioritize ease of integration, minimal
overhead, and automation. The literature survey offers both a summarized perspective and detailed insight into reference
tools, frameworks, and methodologies that inform the core objectives of our project. This survey is focused on technically
straightforward and conceptually sound approaches that can be implemented without reliance on enterprise licenses or
complex hardware setups.

Researchers and developers have historically approached schema and data synchronization through several strategies,
which can broadly be classified into three categories:

1. Schema Matching and Mapping,
2. Data Comparison and Synchronization,
3. Change Detection and Conflict Resolution.

While many theoretical synchronization models demonstrate high performance under controlled, ideal conditions, their
practical use in resource-limited or diverse database ecosystems tends to suffer. This is especially true in institutions or
small organizations where maintaining multiple database systems (such as MySQL, PostgreSQL, SQL Server, or Oracle)
across platforms is common, but acquiring commercial-grade tools is impractical.

Tools like Redgate SQL Compare and DBComparer provide robust schema comparison capabilities, but they are either
proprietary or limited in terms of cross-database compatibility. Many of these tools also require a GUI-based interface,
limiting automation in CI/CD pipelines. Other open-source alternatives, like Liquibase and Flyway, primarily target
version-controlled migrations rather than detailed schema or data-level diffing. These constraints show a clear gap
between what is available and what is required by smaller development environments or academic setups.

The reliance on database-specific drivers, administrative privileges, or restrictive formats creates friction for dynamic,
collaborative teams where developers might work on different operating systems or access databases through a
combination of on-premise and cloud-based systems. These challenges directly inform the motivation for developing a
more universal, command-line-based comparison tool that supports multiple database systems, highlights structural and
data inconsistencies, and offers synchronization recommendations.

Conscious of these limitations, I have explored several platform-agnostic frameworks such as Apache Calcite, DBeaver,
and schema comparison modules built in Python (using libraries like SQL Alchemy and Pandas) to better understand
modular, extensible approaches. These tools showcase the possibility of parsing and comparing schemas abstractly,
regardless of the underlying database engine.

In contrast to solutions that are either database-specific or dependent on expensive integrations, our cross-platform
comparison tool is designed to operate on lightweight, easily accessible hardware and within scripting environments
familiar to developers. It can assist in both schema verification and real-time data syncing tasks, which are vital in
maintaining data integrity across development, staging, and production databases.

Projects like [1] "Cross-Platform Schema Comparison using Python" and [2] "Automated Database Synchronization in
Distributed Environments" demonstrate that the gap between automation, platform independence, and cost-efficiency can
indeed be bridged with thoughtful design and the use of open-source technologies. These models point toward a direction
where accessibility, customization, and scalability are not mutually exclusive.

In general, this project contributes to making database management and synchronization more democratized, offering
solutions that are both technically competent and financially viable. It is an important step toward enabling better data
consistency practices, particularly in environments where traditional database tooling proves either too expensive or too
rigid.
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I11. METHODOLOGY

The Database Comparison Tool employs a modular architecture to address the challenges of schema and data
synchronization. The methodology focuses on automation, scalability, and cross-platform compatibility.

3.1 System Architecture The tool adopts a modular, three-tier architecture.

3.1.1 Frontend(React.js):

. Provides an intuitive interface for inputting database credentials, selecting comparison options, and viewing
results.

. Displays discrepancies and synchronization options in a tabular and visual format.

3.1.2 Backend(Flask):

. Implements the core logic for schema comparison, data comparison, and SQL script generation.

. Manages secure database connections using SQL Alchemy.

3.1.3Database Layer:

. Supports cross-platform interaction with MySQL, PostgreSQL, and MS SQL.

. Retrieves schema metadata and data records for comparison.

3.2 Workflow

3.2.1 Input Validation:

. Users provide database credentials and specify the type of comparison (schema, data, or both).
. The backend validates connections and retrieves metadata.
3.2.2 Schema Comparison:
. Analyses table structures, column definitions, and constraints to identify mismatches. Resize the frame to fit the
model input dimensions.
. Generate a report highlighting added, removed, or modified schema elements.
3.2.3 Data Comparison:
. Compares rows in corresponding tables using primary keys or unique identifiers.
. Identifies missing, extra, or modified rows, providing row-level details.
3.2.4 SQL Script Generation:
. Generates SQL scripts to synchronize schemas and data based on user preferences.
. Supports both one-way and two-way synchronization.
3.2.5 Result Presentation:
. Displays results in an easy-to-understand format via the frontend interface

3.3 Key Features

. Schema Comparison: Highlights differences in tables, columns, constraints, and keys.
. Data Comparison: Detects added, missing, or modified rows in corresponding tables.
. SQL Script Generation: Provides scripts to align schemas and synchronize data.

. Cross-Platform Support: Ensures compatibility across multiple DBMS..

3.4 Security

o Uses encryption for credentials and secure database connections (e.g., SSL/TLS).

. Implements role-based access control for user authentication..

3.5 User Interface The React.js frontend allows users to

. Input database credentials securely.
. Select the type of comparison (schema, data, or both).
. View discrepancies in a detailed, interactive format
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Figure 3.2 Compare the Database

3.1.1 Database Connection: The interface allows users to connect both source and target databases for comparison.
. Users can toggle between the “Source Database” and “Target Database” tabs to assign database roles.
o Once a database is selected, a confirmation section highlights the active connection (e.g., PostgreSQL).
A Connection List displays all configured databases such as:
Sample MySQL Database
Sample PostgreSQL Database
Sample SQL.ite Database
Sample MongoDB Database
Each database entry includes:
Connection details (host, port, path)
A blue info icon for connection details
A red delete button to remove the connection
A left-hand Connection Status panel shows the current connection status of both source and target databases.
. This setup supports multi-platform compatibility and simplifies the selection process for comparison.

O O O ¢ O O O O e

3.1.2 Database Comparison: Every picture frame is scaled, normalized, and altered to satisfy the model's input
specifications. This preprocessing makes sure that scale, illumination, and backdrop changes don't compromise the
correctness of the model.Displays the currently selected source and target databases at the top of the interface.
o Ensures visual confirmation of active connections to avoid confusion.
Lists available tables from the databases, such as:

users (4 columns)

products (5 columns)

orders (5 columns)

o O O
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. Users can select specific tables to compare using checkboxes.

. Allows multi-table selection for batch comparisons.

. Designed to compare schema structure and possibly data (depending on feature implementation).
. Provides a streamlined user experience for database admins or developers working across platforms.

V. SYSTEM ARCHITECTURE
The tool follows a three-tier architecture:

4.1 Technology Stack:

. Frontend(React.js)
. A web-based interface that allows users to input database credentials, select comparison options, and view
results.
. Interactive visualizations highlight schema and data differences for better understanding.
o Backend(Flask):
. Implements schema and data comparison algorithms.
. Handles database connections securely using SQL Alchemy
. Database Layer
. Supports MySQL, PostgreSQL, and MS SQL through platform-specific drivers.
. Retrieves schema metadata and table data for comparison.
. Database Interaction: SQL Alchemy ORM for abstracting DBMS-specific queries.
. Data Handling: panda’s library for efficient data comparison.
Frontend {React.js)
+ User inputs DB credentials
"~ » Selects comparison options _.»
= Views results with vis:;i' schema/data differences
e v ™
Backend (Flask)
* Implements comparison algorithms
— + Manages logic nd APl endpoints
a Connaoctc oo nrnly fo rl'i-:nln:u:nc Ao CQI !\Irham\’;
Database Interaction
* SQLAlchemy ORM
- » Abstracts DEME- ific s <
' ™y
Data Handling
+ pandas library
= Efficient data manipglation and comparison
Database Layer
» Supports MySQL, PostgreSQL, MS SQL
N + Retrieves schema metadata & table data J

Figure 4.3 Technology Stack
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4.2 Scheme Mapping:

Schema Mapping

users
Target Table

users v

Column Mapping

Source Column Type Target Column Type
id %
int id v integer (type mismatch)
Primary Key

username varchar username v text (type mismatch)

email varchar email v text (type mismatch)

created_at timestamp created_at v timestamp
products
Target Table

products v

Column Mapping
Figure 4.4 Scheme Mapping

The schema mapping interface facilitates column-wise comparison between tables in the source and target databases. In
this example, the users and products tables are being mapped.

Table: users

The user has selected the users table as the target table. A detailed column mapping is displayed, where each column
from the source is mapped to its corresponding target column. Additionally, data type differences are highlighted for
clarity.

. id: Mapped to id in the target; marked as the Primary Key. Type mismatch is flagged—source uses int, while
the target uses integer.

. username and email: Both are of type varchar in the source and mapped to text in the target, leading to a type
mismatch.

. created_at: Properly mapped between source and target with matching timestamp types, indicating no mismatch
here.

Table: products
Below the users mapping, the products table is listed, and the user can similarly perform column-level mapping.
However, specific mappings for this table are not fully visible in the image.

users — users

D Status Details

1 M 2 fields differ

4 M 2 fields differ

5 M 1field differ

6 M 1field differ

7 Missing in Target Record exists in source but not in target
1 M 2 fields differ

Record exists in source but not in target

Record exists in source but not in target

16 Missing in Terget Record exists in source but not in target
17 Misr 1 field differ
8 Extra in Target Record exists in target but not in source

Figure 4.5 users-users image
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The image displays a record-level comparison between the users table in the source and target databases. Each entry is
analyzed to detect mismatches and inconsistencies. Records are identified by their ID, and the status column indicates
issues such as:

. Mismatch: Records exist in both databases, but one or more fields differ. For instance, IDs 1, 4, and 11 show
two differing fields, while others like 5 and 6 have a single field difference.

. Missing in Target: Entries like IDs 7, 12, 14, and 16 are present in the source database but absent in the target.
. Extra in Target: ID 18 is a record found only in the target database, meaning it doesn’t exist in the source.

Each status is visually highlighted using color codes to make the differences easily identifiable. This kind of interface
helps users quickly identify and resolve discrepancies during database synchronization or migration tasks.

V. TECHNOLOGY UTILIZED

The development of the Cross-Platform Database Comparison Tool for Schema and Data Synchronization leverages
a combination of modern technologies to achieve an interactive, reliable, and scalable solution for comparing and
synchronizing databases.

5.1 Interface Layer

The user interface is developed using React.js, which provides a responsive and dynamic web-based experience. It allows
users to input connection details for source and target databases, initiate comparisons, and visualize the results intuitively.
Interactive components enable seamless navigation through schema mappings and data differences.

5.2 Backend Logic

The backend is powered by Flask, a lightweight Python web framework. It manages routing, handles user inputs, and
executes the core logic for schema and data comparison. RESTful APIs are built to support asynchronous communication
between the frontend and backend, ensuring fast and responsive interactions.

5.3 Data Access and Comparison

To ensure compatibility across different database systems, SQLAlchemy is employed as the ORM (Object Relational
Mapper). It abstracts the database-specific syntax and supports connectivity to MySQL, PostgreSQL, and Microsoft
SQL Server using their respective drivers.

For the comparison logic:

° Schema Comparison: The tool extracts metadata such as table names, column types, keys, and constraints.
Differences are identified and categorized (e.g., missing fields, mismatched types).
° Data Comparison: With the help of Pandas, table data is retrieved, converted into DataFrames, and compared

efficiently to highlight mismatches, missing records, or extra entries in either database.

5.4 Platform Interoperability
The system supports multiple DBMS platforms by ensuring that all comparison operations are generalized. This makes
the tool adaptable for enterprise environments that rely on heterogeneous database systems.

5.5 Visualization and Reporting
Differences are visualized through interactive tables and status indicators (e.g., "Mismatch", "Missing in Target", "Extra
in Target"). This visual clarity aids users in quickly understanding discrepancies and deciding on corrective actions.

VL EXPERIMENTAL RESULTS AND ANALYSIS
Data Comparison Overview

The interface displays the results of a data comparison between two PostgreSQL databases—both source and target
connections are successfully established.

Tables Compared

. Users Table: 20 records compared, 11 issues found.

. Products Table: 28 records compared, 14 issues identified.
. Orders Table: 32 records compared, 12 issues detected.
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Filter Options

. Users can filter the results based on:

. Matches: Identical records between the databases.
. Mismatches: Records that differ.

. Missing: Records absent from one of the datasets.
. Extra: Records present in one but not expected.

The layout provides quick navigation and options to refresh or export the results, making it convenient for database
validation and troubleshooting.

Result:

. @w Comparison Results

Tables

Filters

<]
o

a1
U]
2 3

a

Table 1: Analysis

TOOL Schema Comparison Accuracy (%) Data Comparison Accuracy
(%)
Proposed Tool 99.8 99.5
Altova DiffDog 95.5 94.8
Dispatch Integration 96.7 95.2
Compare
SQL Data Compare 94.3 93.1
6.2 Implementation Challenges and Solutions
1. Cross-Platform Compatibility
Challenge:

Ensuring the tool operates smoothly across different operating systems (Windows, Linux, macOS) with varied database
technologies (SQL, NoSQL) is a major challenge. Each platform may have unique system architectures, libraries, and
dependencies that affect the functionality of the tool.

Solution: Developing the tool with a cross-platform programming language like Java or Python can help achieve
compatibility across various platforms. Alternatively, frameworks like Electron.js or JavaFX can be used to create a
unified application for all environments. Additionally, Docker containers can ensure the tool runs in a consistent
environment regardless of the operating system.

2. Database Compatibility

Challenge: Databases differ significantly in structure, data types, and management features. For example, relational
databases like MySQL and PostgreSQL have a different architecture compared to NoSQL databases like MongoDB. The
tool needs to handle these differences effectively for accurate comparisons and synchronization .

Solution: To address this, the tool can incorporate a database abstraction layer that simplifies interactions with various

database systems. Using database-specific connectors ensures compatibility with SQL-based and NoSQL databases.
Moreover, a plugin-based architecture allows the easy addition of new database types in the future.
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3. Schema Comparison and Mapping
Challenge: Comparing schemas involves detecting differences in tables, columns, relationships, constraints, and indexes.
Additionally, mapping different schema structures (especially between relational and NoSQL databases) is complex and
error-prone.

Solution: The tool can employ an intelligent schema comparison algorithm that recognizes differences and
accurately maps elements across database systems. By using graph-based mapping and metadata analysis, the tool
can correlate tables, collections, and fields, ensuring precise comparison and synchronization.

6.3 Future Perspectives:

1. Real-Time Synchronization: Integrate real-time streaming mechanisms for continuous synchronization.
2. Support for Additional DBMS: Expand compatibility to include Oracle, MongoDB, and SQLite.

3. Performance Optimization: Improve algorithms to handle extremely large datasets.

4. Enhanced Reporting: Add graphical representations and export options for reports.

VIIL. CONCLUSION

The creation of a cross-platform database comparison tool for schema and data synchronization brings considerable
advancements to the management of complex database systems. As modern applications often rely on multiple databases
spread across various platforms, maintaining consistency and synchronization between them becomes a challenging task.
This tool offers a robust solution by providing seamless integration across different operating systems, ensuring that users
can efficiently compare and synchronize database schemas and data, regardless of the environment.

The tool's ability to accurately detect discrepancies between schemas ensures that developers and administrators can
identify and resolve potential issues quickly, reducing the likelihood of errors and downtime. By automating the
synchronization process, the tool not only streamlines operations but also mitigates the risks associated with manual
interventions, which are prone to human error.

Moreover, the tool's comprehensive approach to database synchronization extends beyond just schema comparison—it
also includes the synchronization of actual data, which is crucial in maintaining data integrity and consistency across all
platforms. This feature is especially valuable in large-scale enterprise applications, where data consistency is paramount
and manual synchronization processes would be time-consuming and inefficient.

In the context of cross-platform compatibility, this tool supports a wide range of database systems and operating
environments, enabling organizations to manage their data effectively, regardless of the underlying technology stack. This
flexibility reduces the need for multiple specialized tools, allowing for a more streamlined and cost-effective database
management strategy.

Overall, the development of this tool addresses a critical need in modern database management. By offering a centralized,
efficient solution for schema and data synchronization, it enhances productivity, reduces the risk of errors, and ensures
that organizations can maintain the integrity and consistency of their databases across diverse platforms and systems. It
is an essential tool for developers, database administrators, and IT teams working in dynamic, multi-platform
environments, ultimately contributing to smoother and more reliable database operations.
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