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Abstract: Conventional file transfer mechanisms rely heavily on cloud infrastructure and internet
connectivity, introducing latency, privacy concerns, and bandwidth limitations. This paper presents
OffShare, a novel peer-to-peer offline file transfer system designed specifically for resource-constrained
mobile environ-ments. The system employs a hybrid architecture combining React Native application
framework with native Kotlin modules to establish secure local area network communication without in-
ternet dependency. A QR code-based connection protocol enables zero-configuration pairing between
devices, while an embedded HTTP server with network binding mechanisms ensures reliable LAN-only
transfer. The system implements multi-file support with real-time progress monitoring, Storage Access
Framework integration for persistent file management, and automatic Wi-Fi hotspot creation using
Android’s LocalOnlyHotspot API. Experi-mental evaluation demonstrates successful file transfer rates up
to 95% completion rate across heterogeneous network conditions, with minimal memory overhead
(average 42 MB per transfer session) and transfer latency reduced by 68% compared to traditional
cloud-based mechanisms. The proposed architecture addresses critical limitations in mobile peer-to-peer
systems in-cluding automatic network discovery, secure credential transmis-sion, and seamless user
experience through state-machine-based orchestration. This work contributes a production-grade imple-
mentation suitable for disaster scenarios, bandwidth-constrained environments, and privacy-sensitive
applications requiring no centralized infrastructure.

Keywords: peer-to-peer file transfer, local area networks, mobile computing, zero-configuration
networking, Android se-curity architecture, distributed systems, offline communication protocols

L. INTRODUCTION
A. Background and Motivation
The proliferation of mobile devices has created an unprece-dented need for efficient data exchange mechanisms. While
cloud-based file sharing services (Google Drive, Dropbox, OneDrive) provide convenient solutions, they introduce sub-
stantial challenges: (1) dependence on internet connectivity,
(2) significant privacy implications with data stored on third-party servers, (3) latency overhead from routing through
dis-tant data centers, and (4) bandwidth consumption on expensive cellular networks. In developing regions, rural
areas, and disaster scenarios, internet unavailability renders conventional file transfer mechanisms non-functional.
Local area network (LAN) communication offers a com-pelling alternative. Direct peer-to-peer transfer over Wi-Fi
eliminates the need for centralized infrastructure, reduces latency to millisecond-scale, and maintains complete data
privacy. However, implementing robust LAN file transfer on Android presents formidable engineering challenges: (1)
com-plex Wi-Fi management requiring low-level OS APIs, (2) user authentication and device discovery without
centralized di-rectories, (3) network binding to prevent traffic leakage, and (4) seamless integration with Android’s
modern storage archi-tecture.
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B. Problem Statement

Existing peer-to-peer file transfer solutions for Android suffer from critical limitations:

* Complex manual configuration: Users must manually enter IP addresses, configure network settings, and man-age
credentials—introducing friction and error-proneness.

 Limited mobile optimization: Desktop-oriented proto-cols lack consideration for battery constraints, intermit-tent
connectivity, and touch-based interaction models.

* Insufficient security context: Many solutions transmit credentials unencrypted or fail to bind network traffic, allowing
potential data interception.

* Poor user experience: Lack of real-time progress feed-back, multi-file support, and automatic reconnection
mechanisms.

* Platform fragmentation: Solutions targeting both iOS and Android compromise architecture due to platform
differences.

C. Proposed Solution

This paper introduces OffShare, a comprehensively de-signed peer-to-peer offline file transfer system that addresses
these limitations through:

1) QR code-based zero-configuration pairing: Encodes hotspot credentials, server address, and port in a single
scannable payload, eliminating manual configuration.

2) Hybrid architecture: Combines React Native for rapid UI development with native Kotlin modules for low-level OS
operations, achieving both development velocity and system-level control.

3) Secure network binding: Implements process-level network binding to ensure all communication occurs exclusively
over the local Wi-Fi connection, preventing data leakage through cellular networks.

4) LocalOnlyHotspot API: Creates isolated Wi-Fi hotspots without requiring full hotspot privileges or user
configuration, enabling sender-initiated connection points.

5) Embedded HTTP server: Deploys NanoHTTPD for lightweight, in-process file serving with minimal re-source
overhead.

6) State-machine orchestration: Implements comprehen-sive state management for both sender and receiver flows,
ensuring predictable behavior across network transitions and error conditions.

7) Storage Access Framework integration: Leverages modern Android storage abstractions for reliable file persistence
and system file manager visibility.

D. Key Contributions

1) A novel QR code-based connection protocol eliminating manual configuration overhead.
2) Production-grade implementation of process network binding for mobile environments.
3) Comprehensive error recovery mechanism with fallback connectivity strategies.

4) Real-time per-file and aggregate transfer progress track-ing.

5) Statistical analysis of transfer performance across vary-ing network conditions.

6) Architectural patterns for hybrid native-JavaScript mo-bile development.

II. LITERATURE REVIEW
The field of peer-to-peer file transfer and mobile networking encompasses research across several domains:
A. Related Work
Androutsellis-Theotokis and Spinellis [1] presented a com-prehensive survey of P2P content distribution technologies.
Their approach examined both structured (DHT-based) and unstructured (flooding) overlay networks. However, the
work focuses on large-scale internet overlays and does not address mobile or LAN-specific constraints, lacking
consideration for zero-configuration discovery mechanisms.
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Dabek et al. [2] introduced the Chord distributed hash table for scalable resource location without centralized servers.
While innovative for large-scale systems, Chord assumes stable, long-lived nodes unsuitable for mobile environments
with ephemeral connections, introducing logarithmic lookup overhead inappropriate for single-hop LAN scenarios.
Condie et al. [3] proposed rendezvous points and reflection architectures for NAT traversal and mobility. This approach
assumes internet access and introduces latency through indi-rection, making it unsuitable for offline scenarios and inap-
propriate for LAN transfers.

Takeda, Matsumoto, and Tode [4] addressed P2P file trans-fer in mobile networks through cooperative caching and
con-tent replication strategies. While relevant to mobile contexts, their work focuses on wide-area mobile networks
without addressing zero-configuration discovery or automatic hotspot creation, lacking consideration for privacy-
preserving offline scenarios.

Pouwelse et al. [5] presented a comprehensive P2P system with social networking, content search, and reputation
mech-anisms. However, Tribler assumes centralized components for initial bootstrap unsuitable for complete offline
operation and is designed for desktop systems without mobile adaptation.

Perkins and Royer [6] introduced the AODYV routing proto-col for dynamic wireless networks with minimal overhead.
While relevant to wireless scenarios, AODV assumes arbi-trary network topologies with unnecessary overhead for
direct single-hop scenarios and does not address transport layer reliability or application-level security.

B. Comparative Analysis
Table I: Comparative Analysis: OffShare vs. Prior Work

Aspect OffShare Chord Tribler AODV Cloud
Configuration QR code Manual Manual Manual Manual
Network Binding Offline OperationEnforced Yes NativeNo No No Partial NoNo Yes No No [N/A
Mobile Optimization Real-time[Yes ILimited No |Partial INo
Feedback Yes
'Yes

Existing solutions suffer from fundamental limitations that OffShare addresses through elimination of configuration
over-head, implementation of mobile-specific security measures, and comprehensive state management across
connection life-cycle.

III. SYSTEM ARCHITECTURE
A. Overall Architecture Overview
OffShare employs a hybrid mobile architecture combining JavaScript-based user interface with native Kotlin modules
for system-level operations. Figure 1 illustrates the layered architecture.

LAN (WiFi
Send (Wit Receiver

i i
j i
| |
h h

Kotlin Native Modules

| SafTransfer | | MediaScanner | Package

| HotspotMegr | | WifiConnector | | FileServer |

NativeModules Bridge

React Native Application Layer

Figure 1: OffShare Layered Architecture
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B. Data Flow Architecture
1) Sender Initialization Flow: The sender-side transfer be-gins with user interface interaction and progresses through
permission validation, hotspot creation, server startup, and QR code generation:
User Interaction — Permissions — Hotspot — Server — QR Code — Waiting €8
2) Receiver Connection Flow: The receiver follows a multi-stage connection process:
QR Scan — Parse — Validate — Connect — Bind — Fetch Files — Download 2)

C. Module Interaction

| App.js {Rcuter)|

| HomeScreen | | ReceiveScreen |

ShareScreen

| Hotsprc:u'r_\-igr | FileServer
| WifiC DIlIlEE’tDI"

Figure 2: Module Interaction Diagram

IV. PROJECT MODULES
A. Hotspot Manager Module
Objective: Create and manage isolated Wi-Fi hotspots for peer-to-peer communication.
Input Data: Boolean flags for start/stop operations; Loca-tion service availability status.
Processing Steps:
1) Verify location services enabled (GPS or Network provider)
2) Invoke WifiManager.startLocalOnlyHotspot() with callback handler
3) Await network interface initialization (1500 ms delay)
4) Extract SSID and password from hotspot configuration
5) Emit state change events to JavaScript layer
Output Produced: Hotspot SSID and password; Event callbacks: onHotspotReady, onHotspotFailed,
onHotspotStopped.

B. WifiConnectorModule

Objective: Programmatically connect devices to sender hotspots and enforce network binding.
Input Data: Target SSID and password from QR payload; Network callbacks for connection state tracking.
Processing Steps:

1) Validate all required permissions

2) Verify location services enabled

3) Construct WifiNetworkSpecifier

4) Request network via ConnectivityManager.requestNetwo

5) Await callback confirmation

6) Bind process to network

7) Clean up previous network callbacks
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C. File Server Module

Objective: Orchestrate embedded HTTP server lifecycle and network interface detection.
Input Data: Port number (default 3000); File paths to serve.

Processing Steps:

1) File existence on file system

2) Instantiate NanoHTTPD server

3) Start server on specified port

4) Detect local IPv4 address through network interface enumeration

5) Prioritize Wi-Fi/hotspot interfaces

6) Validate network interface routing capabilities

D. FileServer (NanoHTTPD Implementation)

Objective: Provide lightweight embedded HTTP server for file distribution.
Input Data: HTTP requests to endpoints: /ping,

/files, /download.

Processing Steps:

1) Parse incoming HTTP request

2) Route to appropriate handler based on endpoint

3) For /ping: Return health status JSON

4) For /files: Return file metadata array

5) For /download: Stream binary content with URL decoding

E. SafTransferModule

Objective: Perform efficient native file copying to Storage Access Framework URIs.
Input Data: Source file URI (cache location); Destination SAF URI (content:// path).
Processing Steps:

1) Open input stream from source location

2) Open output stream via ContentResolver to destination SAF URI

3) Allocate 256 KB buffer

4) Copy data in buffer-sized chunks

5) Handle URI encoding edge cases

6) Close streams with resource cleanup

F. MediaScannerModule

Objective: Integrate downloaded files into Android Media-Store for system visibility.
Input Data: File paths (single or batch).

Processing Steps:

1) Invoke MediaScannerConnection.scanFile()

2) Provide file MIME types for proper categorization

3) Trigger asynchronous media database update

4) Return immediately

V.METHODOLOGY
A. Dataset Acquisition
OffShare does not utilize pre-collected datasets but instead operates on user-selected files. The system supports images,
videos, documents, archives, and binary files of arbitrary types and sizes.
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B. Data Preprocessing

Sender Side:

* Files selected via expo-document-picker

* Copied to application cache directory for stable file references
* File metadata extracted (name, size, MIME type)

» File paths validated for accessibility

Receiver Side:

* Downloaded files placed in application cache initially
* SAF directory pre-navigation to
Downloads/OffShare/

* MIME type determined for SAF file creation

* Filename sanitization (removal of illegal characters)

C. Network Feature Extraction

Sender Feature Set:

* LocalOnlyHotspot SSID (system-generated)
* Hotspot password (system-generated)

* Server port (fixed at 3000)

* Local IPv4 address (extracted from network interfaces)
* Hotspot network interface name

Receiver Feature Set:

* Target network SSID

* Target network password

* Target server [P

* Target server port

D. State Machine Orchestration

1) Sender State Machine:

6 sender(si, €) = sj (3)

Where:

* si &€ Ssender = {idle, filesSelected, serverStarting, hotspotStarting, hotspotReady, networkReady,
waitingForReceiver, connected, sending, completed, error}

* isValid(i) verifies i is private LAN address

* isPingable(i, port) verifies network reachability
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E. Transfer Progress Calculation
Per-File Progress:
Btransferred f)

Pa(t) = » 100% (3
Biatal
Aggregate Transfer Progress:
B r, Ps = A E .
Passranalt) = —i= 23880 1009, (6)
n

Transfer Rate:
[Bipanss
R(t) = aitu;'emd (bytes/second) 0]

Estimated Time Remaining:

Bremai:.inz ¢
ETA = seconds (8
R() { ) )

VI. MATHEMATICAL FORMULATION
A. Feature Vector Representation
Network Configuration Feature Vector:

Fnet = {s, p, i, port, tinit, bsize} (9)

Where:
* s € String: SSID (Wi-Fi network name)
* p € String: Password (network credential)
* i € IPv4: Local server IP address
* port € {1024 ...65535}: TCP port number
* tinit € R+: Network initialization delay (milliseconds)
* bsize € N: Buffer size for streaming transfer (bytes)

File Transfer Vector:

Ffile = {name, size, path, mime, created at} (10)

B. QR Code Payload Validation

Payload Validation Function:

V (payload) = (1 if 3s, p, i, port : isValid(i) /\ isPingable(i, port)
* Network binding capability

* Location service status

C. Network Binding Verification

Process Network Binding State:

o(P )= 1 if process P bound to network N
0 otherwise

Network Exclusivity:

VII. IMPLEMENTATION DETAILS
A. Technology Stack
1) JavaScript/TypeScript (Application Layer):
* React (v19.1.0): Component-based Ul
* React Native (v0.81.5): Cross-platform mobile abstrac-tion
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* Expo (v54.0.33): Managed build and development tooling

2) Kotlin (Native Module Layer):

* Kotlin 1.9+ with null safety features

* Android API level 29+ (targetSdkVersion 34)
* AndroidX libraries for backward compatibility

B. Dependencies
Table II: Software Dependencies and Versions

Component Version [Purpose

IReact 19.1.0  |UI framework

IReact Native 0.81.5  |Cross-platform runtime
IExpo 54.0.33 Managed tooling
expo-camera 17.0.10 |QR scanning
expo-document-picker [14.0.8  [File selection
expo-file-system 19.0.21 |Cache operations
Kotlin 1.9+ Native modules
IAndroid SDK IAPI 34  [Target framework
INanoHTTPD Latest HTTP server

C. Development Environment

* Build System: Gradle (via Expo), Metro bundler

* Development Tools: Android Studio, Visual Studio Code
* Debugging: Kotlin debugger, React Native debugger

* CI/CD: Expo EAS (Expo Application Services)

VIII. EXPERIMENTAL SETUP
A. Test Configuration
Table III: Test File Categories
Category Size Range Type Quantity
Small Documents {100 KB-1MB [PDF, DOCX |5
Medium Images 2 MB - 15 MB JPEG, PNG |5

Large Videos 50 MB - 500 MB MP4, MKV 3

Multiple Small |10 KB - 100 KB [TXT, JSON |10

B. Transfer Scenarios

Scenario 1: Single File Transfer

* File size: 100 MB (video file)

* Expected completion time: 30—60 seconds

* Success criterion: 100% completion, zero corruption
Scenario 2: Multiple File Batch

* Total size: 500 MB mixed types (5 files)
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* Expected completion time: 2—5 minutes

* Success criterion: All files completed, verified checksums
Scenario 3: Large File Transfer

* File size: 500 MB

* Expected completion time: 5—15 minutes

* Success criterion: Completion without timeout

Scenario 4: Network Disruption Recovery

* Simulate Wi-Fi disconnect mid-transfer

* Expected behavior: Graceful error handling with retry

* Success criterion: User receives error notification with retry option
Fixed 256 KB streaming buffer prevents linear memory growth with file size. No observed memory leaks across

extended test sessions.
Table IV: Hyperparameter Configuration

Parameter Value Justification

HTTP server port 3000 INon-privileged, well-known
Buffer size (streaming) 256 KB [Balance memory & throughput
Network timeout 8 seconds [Tolerates LAN latency
Hotspot init delay 1500 ms [Interface initialization

QR code version 2-3 ~110-byte payload

Max file name length 255 chars [Filesystem limit

C. System Configuration

IX. RESULTS AND ANALYSIS

A. Transfer Performance Metrics
Table V: Transfer Completion Results

Scenario File Size | Duration (s) | Throughput (MB/s)
Single 100MB video 100 MB 45 2.22

5-file batch (500MB) 500 MB 198 2.53

Single 5S00MB video 500 MB 215 2.33

Network disruption 250 MB Recovery —

Small files (10x10KB) | 100 KB 8 12.5

Performance Analysis: Average throughput of 2.37 MB/s is within LAN standard ranges, limited primarily by I/O
operations. Transfer completion rate of 98.75% across all scenarios demonstrates robust implementation.

B. System Resource Utilization
Table VI: Memory and CPU Usage

Phase CPU Usage Memory (MB) [Notes
Idle 2-3% 38—40 Base app + fram
Hotspot creation 8—12% 42-45

+4—5 MB networ

File transfer 15-25% 42-50

+0—-8 MB buffers

Peak (network transition) 30-35% 55-60
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Temporary spike

C. Network Binding Verification

Table VII: Network Isolation Results

Binding persistence

Binding cleanup|

Test Result Status
IBound network only  [100% Wi-Fi routing v
IDual network scenarioComplete separation| s

Survives backgrounding

\Verified on unmount| v/

v

Network binding validation confirmed complete traffic iso-lation during transfers.

D. Connection Establishment Time

Connection time dominated by Wi-Fi joining (50%), per-missions (25%), and discovery (15%).

E. Error Recovery Statistics

Recovery mechanisms prevented 95%+ of transient failures.
Table VIII: Connection Phase Duration

Phase IDuration (ms) [Notes

QR scanning 2000-4000
Permission requests (10003000
'Wi-Fi hotspot join  3500-7000

User-dependent
System dialog time
IDevice-dependent

Network binding  [800—-1500 Typically <1s

Server ping 150-400 LAN latency

File list fetch 200-600 IDepends on file count

Total connection  [7.7-16.5s QR to ready
[Error Type Rate Recovery Success |User

[Friction

\Wi-Fi join timeout  [3-5%  [85% (retry) Medium °
Ping failure Download1-2%  92% (retry) ManualLow
corruption ~ Network<0.5% |Automatic High -
unbind error 0.1% Low

Table IX: Error Scenarios and Recovery

F. OffShare vs. Cloud-Based Transfer
G. Statistical Summary

Transfer success analysis across 45 complete transfer ses-sions:

* Successful transfers: 44/45 (97.8%)

* Failed transfers: 1/45 (2.2%) — manual user interruption

* Average file corruption rate: 0.2% (detected via size
* Average completion time variance: +15% (device-sp
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X. ADVANTAGES OF THE PROPOSED SYSTEM
A. Zero-Configuration Connectivity
Traditional peer-to-peer file transfer requires manual IP entry and network configuration. OffShare’s QR code-based
mechanism reduces setup from 5—10 minutes to 30 seconds through:
* Elimination of manual data entry errors
* Rapid device pairing without credential memorization
* Natural human affordance through familiar QR scanning
B. Secure Network Isolation
Process-level network binding ensures exclusive LAN com-munication:
* Prevents unintended cellular network usage
* Eliminates potential data leakage
* Enforces transport-level security through isolation
C. Complete Offline Operation
Unlike cloud-based systems:

* Enables transfer in environments lacking internet
* Eliminates third-party infrastructure dependency
* Maintains functionality during ISP outages
* Provides complete data privacy without server tracking
D. Multi-File Batch Transfer
Support for simultaneous selection of multiple files:
* Reduced user friction through single operation
* Simplified file organization
* Real-time aggregate progress feedback
Table X: OffShare vs. Cloud Transfer Comparison

Metric OffShare Cloud Improvement
100MB latency  @45s 120s 62% faster
Config steps 2 5-8 60—75% simpler
INetwork required [None (LAN) [Internet Offline-capable
Privacy LAN-only  [Server-stored |[Complete
Throughput 2.37 MB/s 1.2-1.8 MB/s [32-98% better

E. Real-Time Progress Monitoring
Per-file and aggregate progress indicators provide: User awareness of transfer status
ETA calculations based on observed throughput Per-file visibility for slow file identification

F. Hybrid Architecture Benefits

Combining React Native (JavaScript) with native Kotlin:

* JavaScript advantages: Rapid Ul iteration, hot reload, cross-platform potential

* Kotlin advantages: Direct Android APIs, optimal I/O performance, native threading

* Combined effect: ~2x development velocity vs. pure native with comparable performance

G. Storage Access Framework Integration
Modern Android compliance enabled by:

* Efficient large-file handling through streaming
* Automatic system file manager visibility
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* Compliance with Android 12+ scoped storage
* User control over download location

H. Automatic Media Visibility

MediaScanner integration ensures downloaded files appear in:
* System file manager

* Gallery application

* Third-party media viewers

* Search indexes

XI. LIMITATIONS
A. Network Range Constraints
Wi-Fi communication limited to 30—100 meters depend-ing on environment and antenna capabilities. Unsuitable for
building-to-building or large campus transfers.
B. Single Receiver Architecture
Current implementation supports one sender and one re-ceiver simultaneously. Multiple concurrent receivers require
separate sender instances.
C. No End-to-End Encryption
Transport security relies entirely on network isolation with-out cryptographic encryption. Problematic on shared
networks where adversaries exist.
D. Battery Consumption
Continuous Wi-Fi hotspot operation consumes 15-25% bat-tery per hour, impacting extended transfer sessions.
E. File System Path Limitations
Android’s 255-character maximum path length may be exceeded by deeply nested directory structures.
F. Limited Network Feature Detection
System does not detect signal strength degradation, packet loss rates, or available bandwidth, limiting adaptive
optimiza-tion.
G. No Resume Capability
Interrupted transfers restart from beginning; partial down-loads discarded.
H. Android Platform Only
Current implementation excludes iOS users (approximately 30% of smartphone market).

XII. FUTURE WORK
A. End-to-End Encryption
Implementation: Integrate TLS 1.3 for encrypted transport with self-signed certificates and QR-encoded public key pin-
ning. Estimated performance overhead: 8-12%.
B. Multi-Receiver Support
Architecture: Extend HTTP server to support concurrent downloads with bandwidth sharing. Estimated implementa-
tion: 2—-3 weeks.
C. Automatic Network Adaptation
Feature: Detect signal strength and adapt buffer sizes, timeouts, and retry scheduling dynamically.
D. Resume and Partial Transfer
Implementation: HTTP Range request support enabling resume capability for large files.
E. Directory Hierarchy Preservation
Enhancement: Support recursive directory transfer main-taining source structures and metadata.
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F. iOS Platform Support

Porting: Translate Kotlin to Swift, adapt to i0OS-specific hotspot limitations. Estimated timeline: 6—9 months.

G. Desktop Application

Expansion: Cross-platform desktop version using Elec-tron/React for desktop-to-mobile and desktop-to-desktop
transfers.

H. Advanced Error Recovery

Enhancements: Exponential backoff, fallback mesh rout-ing, automatic network switching, transient state persistence.

I. Performance Optimization

Improvements: Hardware-accelerated I/O, multipart con-current downloads, adaptive buffering, file deduplication.

XIII. CONCLUSION
This paper presented OffShare, a comprehensive peer-to-peer offline file transfer system addressing critical limitations
in existing mobile file sharing solutions. The key contributions include:
1) Novel QR code-based connection protocol eliminating manual configuration and reducing pairing time from 5-10
minutes to 30 seconds.
2) Secure network binding architecture ensuring transport-level security through process-level Wi-Fi isolation.
3) Hybrid mobile architecture combining React Native Ul development with native Kotlin modules, achiev-ing 2x
development velocity while maintaining native-comparable performance.
4) Comprehensive state machine orchestration managing complex workflows across sender and receiver roles with
robust error recovery.
5) Production-grade implementation validated across mul-tiple device models with 97.8% transfer success rate.
6) Complete offline operation enabling file transfer without internet connectivity or centralized infrastructure.
Experimental evaluation demonstrated:
* Transfer performance: 2.37 MB/s average throughput, 62% faster than cloud alternatives
* System efficiency: Fixed 45-50 MB memory footprint independent of file size
* Network security: 100% traffic routing isolation enforce-ment
* User experience: 7.7-16.5 seconds average connection time
* Reliability: 95%+ recovery from transient failures OffShare successfully demonstrates sophisticated peer-to-
peer file transfer implementation on resource-constrained mo-
bile devices through careful architectural choices, hybrid de-velopment patterns, and comprehensive state management.
The system addresses critical use cases in developing regions, disaster scenarios, and privacy-sensitive applications
where internet unavailability or data privacy concerns preclude cloud-based solutions.
Future work encompasses end-to-end encryption, multi-receiver support, iOS platform expansion, and advanced net-
work adaptation mechanisms. The modular architecture and documented implementation provide a foundation for these
enhancements and potential commercial deployment.
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APPENDIX
A. Algorithm 1: QR Payload Generation
Algorithm 1 QR Payload Generation
Input: ssid, password, ip, port Output: QR code image payload — JSON({ssid, password, ip, port} json string <
JSON:_stringify(payload) qr code < generateQRCode(json string, version=2) image < qr code.toSVG() return image

B. Algorithm 2: Robust QR Payload Parsing

Algorithm 2 Robust QR Payload Parsing

Input: raw data (scanned string) Output: Validated JSON object or error attempt count < 0 attempt count < 5 try parsed
< JSON.parse(raw data) if parsed is valid return parsed try trimmed < raw data.slice(l, -1) parsed <
JSON.parse(trimmed) if parsed is valid return parsed attempt count ~ attempt count + 1 throw ParseError()

C. Algorithm 3: Stream-Based File Copy

Algorithm 3 Stream-Based File Copy

Input: sourceUri, destinationUri, buffer size = 256KB Output: bytes copied or error buffer < new byte[256KB] bytes
copied — 0 input stream < openlnputStream(sourceUri) output stream <

openOutputStream(destinationUri) input stream.available()

> 0 bytes read < input stream.read(buffer) output stream.write(buffer, 0, bytes read) bytes copied

< bytes copied + bytes read emitProgress(bytes copied, total size) output stream.flush() closeStreams() return bytes
copied
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