International Journal of Multidisciplinary Research and Growth Evaluation www.allmultidisciplinaryjournal.com

International Journal of Multidisciplinary
Research and Growth Evaluation.

Implementation of Offline-First Architectures for Android Internet-Based Chat Systems

Varun Reddy Guda
Lead Android Engineer, Footlocker. Inc. Little EIm, Texas, USA

* Corresponding Author: Varun Reddy Guda

Article Info Abstract
Mobile chat applications used within intranet-based environments often struggle with
ISSN (online): 2582-7138 inconsistent, unstable, or unavailable internet connectivity, causing interruptions that

significantly impact the user's experience (communication). This paper introduces an

Volume: 06 offline-first architecture designed explicitly for Android-based chat systems operating
Issue: 03 on the intranet, such as those available on cruise ships. By integrating local data
March-April 2025 storage using Android's database (either Room or SQLite), innovative caching
Received: 05-04-2025 strategies, and optimized sync techniques, the approach proposed ensures stable,
Accepted: 06-05-2025 consistent, and smooth messaging even during extended periods without connectivity.
Page No: 1200-1203 We have implemented and thoroughly tested this solution in simulated intranet

environments, confirming its reliability and stability in maintaining a reliable network
for exchanging messages, minimizing sync conflicts, and delivering a smooth user
experience. The results highlight clear benefits, making the architecture highly
compatible with Android developers and aiming to improve application stability and
performance in cases with limited or intermittent network availability.

DOI: https://doi.org/10.54660/.1JMRGE.2025.6.3.1200-1203

Keywords: Offline-First Architecture, Android Application, Intranet-Based Chat, Local Caching, Synchronization Algorithms,
Room Database, Limited Connectivity

1. Introduction

Over the past decade, mobile chat applications have become integral to effective communication in many industries, including
entertainment, hospitality, e-commerce, and corporate environments 1. Typically, these chat applications depend on stable
internet connections to provide smooth and real-time messaging capabilities [¥l. However, consistent internet connectivity isn’t
always guaranteed, particularly in intranet-based or isolated environments like cruise ships, remote sites, or event venues [,
When connectivity is limited or disrupted, conventional chat systems struggle to maintain reliable service, resulting in user
frustration and operational inefficiencies .

To overcome these limitations, an offline-first architecture has become essential. Unlike traditional applications, offline-first
solutions prioritize local data storage and functionality, allowing apps to operate seamlessly even without active internet
connections. Once connectivity resumes, stored data is synchronized with backend servers, maintaining consistency and
continuity °1. Android, the dominant mobile operating system globally, offers tools and libraries—such as Room Database for
local data persistence 2! and WorkManager for background synchronization [1%—which effectively support offline-first design.
In this paper, we describe the implementation of an offline-first architecture tailored explicitly for Android-based chat
applications operating within closed intranet environments. Our approach utilizes locally cached data, efficient message queuing,
and optimized synchronization algorithms, ensuring uninterrupted messaging capability irrespective of external network
conditions [,
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The primary contributions presented in this research include:

. Proposing a practical offline-first architecture designed
explicitly for Android intranet chat systems [,

. Demonstrating the effective use of Android’s Room
Database for local data storage and caching 2,

. Developing synchronization methods that efficiently
manage data consistency and minimize conflicts 14,

. Evaluating the architecture in realistic scenarios,
showing clear enhancements in reliability,
responsiveness, and  user  satisfaction [,

The remainder of the paper is structured as follows: Section
Il reviews existing literature to identify relevant research
gaps. Section 111 details our proposed architecture, followed
by the specifics of the implementation process in Section 1V.
Experimental evaluation and outcomes are provided in
Section V, concluding with discussions, final remarks, and
suggestions for future research in Sections VI and VI1.

2. Related Work

Several studies have previously explored offline-first
strategies, highlighting the importance of reliable
communication without consistent internet access. Hossain
and Rahman ™ investigated common challenges in mobile
chat systems under limited network conditions, emphasizing

Architecture Diagram
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the need for robust offline functionality. Singh [
demonstrated how offline-first architectures significantly
enhance user experience by ensuring data availability and
reliability even during connectivity disruptions.
Android-specific research has extensively covered data
persistence and synchronization. Google's Room Persistence
Library [ has become widely adopted for local caching and
offline data handling in Android applications, while
WorkManager has simplified asynchronous task execution
and synchronization [19, Still, there remains limited research
explicitly addressing the unique challenges of intranet-based
chat systems in isolated environments such as cruise ships or
remote event venues U1, This gap highlights the necessity and
relevance of our research.

3. Proposed Architecture

Our architecture prioritizes offline functionality, ensuring

continuous communication within Android intranet-based

chat applications. It involves three critical components:

. Local Storage: Utilizing Room Database for efficient
data caching.

. Message Queuing: Temporarily storing messages
locally when offline.

. Synchronization and  Conflict  Resolution:
Seamlessly updating data upon reconnection.

Message Flow
Sends and receives messages

Local Caching

Stores messages locally using
Room Database

Syncs messages

i when online

A 4

Synchronization

Uploads and downloads
messages using WorkManager

Backend Server

Receives synced messages
when connectivity is restored

Fig 1: Architecture Flowchart illustrating message flow, local caching with Room Database, and synchronization via Work Manager.

4. Implementation

A. Local Data Storage (Room Database)

The Room Database library is utilized due to its efficient data
access, reliability, and easy integration within Android apps.
All chat messages, metadata, and user statuses are cached
locally, ensuring immediate availability.

B. Message Queuing

A local message queue ensures messages created offline are
stored securely in the database until the network is restored.
This queuing mechanism ensures users experience no
message loss, even in unstable network scenarios.
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C. Synchronization and Conflict Resolution
Synchronization is  managed  through  Android's
WorkManager, which triggers automatic message uploads
and downloads when connectivity resumes. Conflicts, such
as simultaneous message updates from different devices, are
resolved through timestamp-based prioritization, ensuring
the most recent message state is always preserved.

Implementation Diagram
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Figure 2: Sequence diagram showing message queuing, synchronization
and conflict resolution

Fig 2: Sequence diagram showing message flow, offline storage,
queuing, synchronization, and conflict resolution.

Experimental Results Chart
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5. Experimental Evaluation

We conducted rigorous testing in a simulated intranet
environment designed to replicate conditions found in cruise
ships or remote venues. The key performance metrics
evaluated included message reliability, synchronization
efficiency, and user-perceived responsiveness.

Performance Metrics

. Message Reliability: Percentage of successfully
synchronized messages after reconnection.

. Synchronization Efficiency:
synchronization time post-reconnection.

. User Responsiveness: Measured latency between
sending and displaying messages locally.

Average

Results

. Message Reliability improved significantly, with over
99% successful synchronization.

. Synchronization Efficiency demonstrated average
synchronization delays of under 3 seconds upon
reconnection.

. User Responsiveness significantly improved, with
local messages displayed instantly, eliminating
noticeable latency.

Figure 3: Comparison of Message Reliability and Sync Time
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Fig 3: Bar chart comparing message reliability and synchronization times before and after implementing the offline-first architecture.

6. Discussion

The evaluation results clearly demonstrate the benefits of
adopting an offline-first architecture. The system effectively
maintains smooth communication and consistently delivers a
robust user experience, even in challenging connectivity
scenarios. The architecture, however, may experience
increased storage utilization due to local caching, which
warrants further optimization in resource-limited devices.

7. Conclusion

This paper presented a comprehensive implementation of an
offline-first architecture for Android chat applications
operating within intranet environments. By leveraging local

storage, sSmart message queuing, and efficient
synchronization strategies, the proposed solution effectively
resolves common connectivity challenges. Experimental
evaluations confirm substantial improvements in reliability,
responsiveness, and overall user experience, highlighting the
practicality and effectiveness of the proposed approach.

8. Future Work

Future enhancements will focus on optimizing local storage
usage and introducing smarter conflict resolution algorithms
incorporating machine learning techniques. Additionally,
further testing in real-world intranet environments will
validate the architecture's effectiveness at a larger scale.
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