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Abstract 

In the current era of distributed work, digital collaboration is often impeded by siloed tooling 

that creates "information silos." Modern distributed teams commonly suffer from context-

switching fatigue from context-switching between multiple separate tools for real-time chat, 

project management, and video conferencing. The fragmented digital ecosystem creates a 

massive cognitive load on users and presents a challenge in surfacing actionable intelligence 

from large volumes of conversation. In this paper, we present CollabHub, an integrated, real-

time collaboration ecosystem that aims to create a single cohesive environment that overcomes 

the siloed digital workspace. CollabHub is a full-stack platform built with Node.js on the 

backend, React on the frontend, using Clerk for OAuth-based user identity and the Stream SDK 

for high-performance WebRTC-powered video, audio, and chat functionality. A key innovation 

of the system is our "Action Gap" resolution approach where we leverage Large Language 

Model (LLM) inference via Cerebras (Llama 3.1) for contextual conversation summarization 

and real-time message refinement. CollabHub ensures operational durability with event driven 

synchronisation via Inngest and webhooks to keep all disparate third-party applications in sync. 

To ensure a robust implementation with exceptional maintainability and discoverability, we 

have integrated professional-grade observability in the form of centralised error tracking via 

Sentry. Preliminary analysis indicates the LLM enabled summarisation and a "message to task" 

workflow within the platform significantly reduces information retrieval time and increases 

team synchronisation, suggesting CollabHub provides a scalable solution for reducing 

cognitive burden within a multi-modal professional environment by consolidating 

communication and collaboration tooling into a single application. 

Keywords: Real-time collaboration, Event-Driven Architecture, AI in productivity, 

Distributed workspace orchestration, Cloud-Native Service orchestration, Full Stack Web 

development, conversational intelligence. 

1. Introduction 

1.1 Background 

The seismic shift towards remote and hybrid work structures over the last few years has altered 

in unprecedented ways the ways in which professional teams come together to manage 

collaboration, drive communication, and provide a full measure of outcomes. Recent surveys 

have shown a considerable rise in work forces operating on a remote or global basis, putting 

enormous pressure on existing or even in-progress digitally enabling structures. 
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Communication technologies have become no longer an ‘add on’ Productivity solution, but 

central to organizational effectiveness, now requiring, that disparate teams be able to not just 

communicate via text message, but make real-time decisions, track deliverables and handle a 

multitude of other shared functions. But as digital communications become more varied and 

voluminous, organizing them efficiently can quickly become an overwhelming task. The 

average knowledge worker today engages with three or four different collaboration tools every 

day, each with its own data model and notification system. Inevitably, these fragmented systems 

create substantial friction in collaborative workflows. It becomes difficult for workers to stay 

engaged or even be aware of what's going on, in a way that organizational psychologists call 

"context-switching fatigue" — the cognitive wear and tear involved in constantly moving 

among different contexts. This takes its toll on our ability to concentrate, make sound decisions, 

and get work done. 

1.2 Limitations of Existing Solutions 

What’s missing from these already-well-developed and heavily-adopted products (Slack, 

Microsoft Teams, Discord) though: After breaking down what these products actually 

accomplish, I found that they each have an underlying architectural flaw where real-time 

messaging, file storage, and scheduling are an afterthought and a fourth-party integration where 

another username, license, and context-switch are necessary for the user. They want us to 

switch between a Slack message window, and then toggle to a project dashboard. Second, 

perhaps more critically, current platforms lack capabilities that can actively synthesize 

knowledge from these heavy conversation streams. in live chats, critical decisions, actions, and 

shared resources get pushed below hundreds of other messages within hours of being written 

and require users to sift through the chat history in order to piece context together–the problem 

of "information decay". No leading commercial product has managed to introduce a real, in-

channel conversational AI that helps users proactively understand the state of a conversation 

or improve their communication before sending. This has proven to be a significant hole 

between "intelligent" communication products, and what actually deployed to market. 

1.3 Proposed Solution 

This paper presents CollabHub, an integrated full-stack collaboration platform engineered to 

consolidate real-time messaging, voice and video communication, task management, file 

exploration, and AI-powered productivity tools within a single, cohesive workspace. At 

CollabHub’s center is an event driven synchronisation approach which means the real-time 

data remains synchronized between each component service with ultra low latency, and no user 

effort needed to keep this working. Rather than bolt on disjointed communication functionality 

onto existing interaction workflows, CollabHub approaches the collaboration process as a 

single stream; from onboarding of new team members to completion of assigned tasks. 

CollabHub ultimately treats AI not as a separate functionality but as a relevant contextual layer 

for our communication in which we can consume conversations directly.  

2. Literature Review 
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2.1 Theoretical Foundations of Computer-Supported Cooperative Work 

The conceptual framework of this study is grounded in Computer-Supported Cooperative Work 

(CSCW), a field that investigates how collaborative activities can be augmented through 

computational systems. A foundational pillar of this domain is the concept of "Articulation 

Work," as defined by Schmidt and Bannon in their seminal 1992 paper, "Taking CSCW 

Seriously: Supporting Articulation Work" . They argue that any cooperative effort necessitates 

additional overhead to coordinate individual actions—what they term "articulation work"—

which involves "assembling, scheduling, monitoring, and coordinating all of the steps 

necessary to complete a production task" . Schmidt and Bannon emphasize that this overhead 

is not a bug but an unavoidable fact of cooperative work, and that computer systems should 

aim to support rather than replace this articulation work . This principle directly informs the 

design philosophy of CollabHub, which seeks to minimize coordination overhead by 

embedding task management directly within the primary communication interface. 

2.2 The Communication-Coordination Gap and Contextual Debt 

Contemporary research identifies a persistent "action gap" where the cognitive load of 

switching between communication and coordination tools leads to information loss. Industry 

analyses reveal that the average knowledge worker switches between applications 

approximately 1,200 times per day, with each switch costing an average of 9.5 minutes and 

leading to productivity losses ranging from 9% to 40% . This fragmentation creates what 

researchers describe as "Contextual Debt"—a condition where the rationale for project 

decisions is divorced from the task itself. The financial implications are substantial: service 

workers report losing between 70 and 85 hours each month due to inefficiencies in fragmented 

tool workflows, equating to nearly two full weeks of work annually per employee . While 

existing platforms like Slack, Microsoft Teams, and Jira address specific aspects of 

collaboration, they operate as isolated silos, forcing users to manually bridge the gap between 

conversational context and actionable tasks. 

2.3 Real-Time Awareness and Event-Driven Synchronization 

The effectiveness of real-time collaborative features relies on Workspace Awareness, a concept 

detailed by Gutwin and Greenberg (2002) in "A Descriptive Framework of Workspace 

Awareness for Real-Time Groupware" . Their framework examines how small groups perform 

generation and execution tasks in shared workspaces, emphasizing that group members 

frequently shift between individual and shared activities during work sessions . The framework 

sets out elements of knowledge that make up workspace awareness, perceptual mechanisms 

used to maintain awareness, and the ways that people use workspace awareness in 

collaboration . Modern implementations of this awareness now leverage Event-Driven 

Architectures (EDA). According to contemporary distributed systems research, the use of 

serverless webhooks and real-time SDKs is critical for maintaining consistency across multi-

service ecosystems. WebRTC protocols, which power modern real-time communication, 

enforce mandatory end-to-end encryption through DTLS-SRTP (Datagram Transport Layer 

Security negotiated keys for Secure Real-time Transport Protocol), ensuring that all media 
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streams are encrypted by default with no possibility of sending unencrypted traffic . This 

security architecture is essential for platforms handling sensitive organizational 

communications. 

2.4 Modern Full-Stack Architecture for Scalable Collaboration 

The technological foundation for modern collaborative platforms has evolved significantly. 

The MERN stack (MongoDB, Express.js, React, Node.js) represents a dominant paradigm for 

building real-time web applications. Academic analyses position MERN as a powerful, 

cohesive solution for modern full-stack development, with its primary strength lying in the 

"JavaScript Everywhere" paradigm that reduces development complexity and streamlines team 

collaboration . The stack's components are synergistically aligned: Node.js provides a high-

performance, event-driven foundation for real-time tasks; React enables sophisticated 

responsive interfaces; MongoDB offers flexible document-oriented storage; and Express.js 

provides minimalist server-side framework capabilities . Recent evaluations note that MERN 

is particularly well-suited for real-time applications like chat services and collaborative 

platforms due to Node.js's non-blocking I/O model and MongoDB's horizontal scaling 

capabilities . However, limitations include challenges with search engine optimization for 

single-page applications and the complexity of debugging across the full asynchronous stack . 

2.5 AI-Assisted Productivity and Cognitive Assistance 

The integration of Artificial Intelligence in collaborative platforms follows recent trends in 

Cognitive Assistance. A key reference is the work by Kirstein et al. (2024), "Tell me what I 

need to know: Exploring LLM-based (Personalized) Abstractive Multi-Source Meeting 

Summarization". Their research demonstrates that LLM-driven summarization, when 

combined with multi-source context (chat history and attachments), significantly improves 

information retention and relevance by approximately 9% . They introduce a personalization 

protocol that extracts participant characteristics and tailors summaries accordingly, improving 

informativeness by approximately 10% . The study provides insights on performance-cost 

trade-offs across leading model families, including edge-device capable options. Furthermore, 

the impact of AI on labor efficiency is documented in the Microsoft Research Report (2024), 

"Generative AI in Real-World Workplaces," which synthesizes fourteen studies including the 

largest randomized controlled trial on generative AI in organizations . The report reveals that 

78% of AI-using employees employ unsanctioned AI tools, highlighting a significant gap 

between official workflows and actual user behavior . The research identifies "AI Power 

Users"—individuals saving more than 30 minutes daily through AI usage—and finds that 

positive productivity effects are beginning to manifest in real-world work scenarios . This 

empirical evidence supports the integration of LLM-powered refinement and summarization 

tools to reduce time spent on administrative tasks, allowing for more high-value collaborative 

activities. 

2.6 Security, Identity, and Auditability in SaaS Ecosystems 
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As collaborative platforms migrate to distributed SaaS models, security frameworks must 

evolve beyond simple perimeter defenses. Modern SaaS security standards advocate for a 

"Security-in-Depth" strategy encompassing multiple layers. WebRTC's security architecture 

provides a model for this approach: all communications are encrypted via DTLS for 

handshakes and SRTP for media, with cryptographic fingerprints in SDP to prevent man-in-

the-middle attacks. However, applications must independently protect signaling channels using 

TLS-encrypted transport and proper authentication, as WebRTC does not automatically secure 

the signaling path. Centralized Identity Management has emerged as a critical pattern, validated 

by modern SaaS security standards. Offloading sensitive authentication logic to specialized 

providers reduces the attack surface and ensures compliance with evolving security 

requirements. Activity Audit Logging represents another critical requirement for institutional 

trust, providing forensic trails of system actions that enable administrative oversight and 

regulatory compliance. 

2.7 Summary of Findings and Research Gap 

The reviewed literature underscores that the "ideal" collaboration platform must be integrated, 

awareness-centric, and AI-enhanced. While previous generations of tools focused on either 

communication or coordination, existing solutions suffer from three critical limitations: 

• Contextual Fragmentation: Communication and task management exist in separate silos, 

creating the "action gap" where decisions made in chat are not captured in actionable 

formats. 

• Cognitive Overhead: Users must manually transfer context between tools, leading to 

significant productivity losses and "contextual debt" . 

• Passive AI Integration: Current AI tools operate as external assistants rather than 

embedded features, requiring users to leave their workflow to access intelligent 

capabilities. 

Therefore, this work focuses on bridging the historical limitations of fragmented digital 

workplaces by developing CollabHub—a unified, AI-enhanced collaboration ecosystem that 

integrates real-time messaging, persistent task management, and intelligent assistance within a 

single cohesive interface. By leveraging the MERN stack's scalability , implementing event-

driven architectures for real-time synchronization, and embedding LLM-driven summarization 

and refinement directly into the communication flow , this project addresses the systemic 

disconnect between conversational context and project execution that has persisted despite 

decades of CSCW research. 

3. Problem Statement and Objectives 

3.1 Problem Statement 

Even with enterprise-wide platforms in place, contemporary distributed teams frequently 

experience significant issues of inefficiency resulting from information scattered across many 

tools and fragmented understanding. We can break down the problem into 3 fundamental issues 

across many operational functions: 
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1. Context-Switching Fatigue and Workflow Fragmentation: Most of the time, teams 

rely on a combination of standalone tools for every task (e. g. One app for chatting, 

another for video conferencing, a third to monitor a project). Users are forced to switch 

back and forth from one app to another, breaking up cognitive focus and creating 

unnecessary friction when transforming a decision that has just been made into concrete 

actions. 

2. Information Decay and Retrieval Latency: Because it moves fast-messages get 

appended on top of other messages-key data-including decisions, file attachments, or 

action items-gets quickly out of sight. The lack of structure in chat means team members 

- and those operating in different time zones, or logging in after time away - have little 

choice but to wade through dozens of pages to piece together where a previous 

conversation landed. 

3. Synchronization and Identity Inconsistencies: When working with many different 

third-party applications, data synchronization typically creates a bottle-neck. This 

becomes especially complex when something changes to a user’s profile or when a user 

is deleted from an organization - we must guarantee that this identity change becomes 

visible both to the auth provider, the database and the real-time service, and the risks of 

failed consistency include security vulnerabilities and poor user experiences. 

3.2 Objectives 

To address the limitations of fragmented collaboration tools, this research aims to design, 

implement, and evaluate CollabHub, an integrated, real-time workspace. The specific 

objectives of this project are to: 

1. Develop a Unified Communication Interface: Design an integration that supports 

integrated Realtime messaging, Video & Audio conferencing through WebRTC,and 

shared File access without sending the users off the dashboard.  

2. Bridge the Conversational-Action Gap: Develop an intimately integrated tasks 

functionality whereby users are seamlessly able to convert unformatted messages in 

their chat stream directly into the assigned tasks management system.  

3. Integrate AI-Driven Productivity Enhancements: Build automated conversation 

summarization and in-line message refinement leveraging LLM inference (Llama 3.1), 

a direct response to information overload, and speed up users' context obtainment. 

4. Engineer a Resilient Event-Driven Architecture: Build a rock-solid backend that 

uses async webhooks and Inngest to enable seamless, set-and-forget synchronization 

between your identity provider (Clerk), your core database (MongoDB), and your real-

time communication SDK (Stream). 

5. Ensure Enterprise-Grade Security and Observability: Establish a robust security 

posture with hardening of HTTP headers, tiered rate limiting and Activity Audit 

Logging, while keeping your system stable with built-in error tracking and observability 

(Sentry).  
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4. Methodology and System Architecture 

This section describes the CollabHub platform in terms of architecture design, component 

structure, data-flow, algorthms, database design, security design methodology as composed by 

module-based services, that could be scalable independently while still preserving loose 

consistency through event driven orchestration.  

4.1 System Architecture 

The architecture of the application is the client-server model augmented by specialized third 

party service providers. CollabHub utilizes a client server architecture along with a handful of 

specialized third-party providers. The UI part is a React SPA (Vite starter app) while the 

backend is an Express. js RESTful API with a MongoDB Atlas database instance as data 

storage. We avoid monolithic approach by letting separate external serviceproviders take care 

of certain aspects of the app functionality (e. g. , Clerk - identity, auth and OAuth, Stream - 

WebRTC/chat, Inngest - scheduled jobs and eventing, Cerebras - inference, Sentry - monitoring, 

Resend - email transactional. This delegation follows the Backend-for-Frontend (BFF) pattern 

where Express serves as a secure facade for the system to route client requests to various 

downstream services, so that sensitive API keys and business logic never needs to leave our 

backend. 

 

 

 

 

 

 

 

 

 

Figure 1. High-Level System Architecture of CollabHub. 

 

4.2 System Modules 

This delegation follows the Backend-for-Frontend (BFF) pattern where Express serves as a 

secure facade for the system to route client requests to various downstream services, so that 

sensitive API keys and business logic never needs to leave our backend.  
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4.2.1 Authentication and Identity Module 

This module controls the whole user lifecycle: the user creation, during authentication and 

when the user is logged out. Authentication is outsourced to Clerk, who provides a user-friendly 

oauth 2. 0 compatible sign in process for several identify providers. On the backend, the 

clerkMiddleware injects authentication details in every request made and the protectRoute 

custom middleware restricts access to the restricted API endpoints by ensuring that the 

isAuthenticated property exists in the context. 

4.2.2 User Synchronization Module 

When a user signs up on Clerk, a clerk/user. created webhook is sent to the Inngest event broker 

which triggers a background function that runs as three separate steps: create the user object in 

MongoDB, upsert the user object on the Stream Chat service, and auto-join the user to all 

discoverable public channels. There’s a companion clerk/user. deleted event handler that 

triggers cascaded deletions on all services. This module ensure all three data stores have 

eventually consistent states and is completely decoupled from synchronous, blocking request 

path operations. 

4.2.3 Real-Time Communication Module 

We use the Stream Chat SDK at the base of the messaging infrastructure that uses WebSockets 

for reliable real-time delivery of messages, Presence updates & message threading. The server 

periodically issues short-lived JSON Web Tokens (JWTs) using the Stream server SDK that the 

front-end uses upon client initiation to create a WebSocket connection over an authenticated 

channel. For Video and Voice communication, we use the Stream Video SDK which leverages 

the WebRTC technology and provides video and audio functionality and even an 

automatic/context-aware camera-off mode. 

4.2.4 Task Management Module 

Module Description: Implementing a “message-to-task” workflow that allows any message in 

chat to be transformed into a trackable assignable task from the message actions. Backend 

Provides the following restful endpoints for task creation (POST /api/tasks), viewing tasks by 

channel (GET /api/tasks/channel/:channelId), and updating tasks (PATCH /api/tasks/:taskId). 

"Lazy User Sync": If the assigned user hasn't been added to our MongoDB at the time of 

creating the task, the API fetches user from Clerk and creates the database entry to ensure 

successful assignment doesn't fail due to a pending sync. 

4.2.5 AI Inference Module 

In addition, we offer two AI capabilities via the Cerebras Cloud inference endpoint through the 

OpenAI-compatible SDK. Summarization Engine - accepts all the last 25 messages in a 

channel and returns a summarized response of 3–5 points through Llama 3. 1-8B, which uses 

low temperature(0. 3) to maximize response accuracy. Message Refinement Engine - accepts 

a user’s draft message and returns a professional rephrased message with moderate style 
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sensitivity, through Llama 3. 1-8B(at temperature of 0. 5). All the AI capabilities used will be 

logged in the Activity Audit system. 

4.2.6 File and Resource Management Module 

File Explorer The File Explorer Module uses the Stream Chat API to find all messages in a 

channel that have file attachments. This list of messages is then flattened into a single list of 

files which is then broken down by category such as: Images, Documents, Links. Our frontend 

component comes with infinite scroll pagination and an option to 'Jump to Message' allowing 

you to scroll to the specific message that the file came from. 

4.2.7 Observability and Audit Module 

System observability is provided at two levels. Sentry is initialized as the first import in the 

application entry point (both frontend and backend) to capture unhandled exceptions, 

performance traces, and browser errors. At the application level, a custom Activity Audit Log 

persists structured records of all mutating user actions (task creation, status updates, profile 

modifications) to MongoDB, recording the actor, action type, affected resource, metadata, and 

originating IP address. 

Figure 2. Module Interaction Diagram. 

4.3 Database Design 

CollabHub utilizes MongoDB Atlas, a document-oriented NoSQL database, accessed through 

the Mongoose ODM (Object-Document Mapper). Three primary collections are defined, each 

corresponding to a Mongoose schema. The NoSQL document model was selected for its natural 

alignment with the application's semi-structured data (e.g., flexible social links, variable-length 

skill arrays, and heterogeneous audit metadata). 
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4.4 Security Architecture 

CollabHub implements a defense-in-depth security model organized across four distinct layers. 

Each layer addresses a specific category of threat and operates independently, ensuring that a 

failure in one layer does not compromise the others. 

Figure 3. Defense-in-Depth Security Architecture. 

 

4.5.1 Rate Limiting Strategy 

The rate limiting implementation follows a tiered funnel model, where each subsequent layer 

applies stricter constraints to higher-risk endpoints. 

Limiter Scope Threshold Purpose 

Global 

Limiter 

All routes (/*) 200 requests / 

15 min 

Baseline DDoS mitigation; prevents 

automated bot flooding. 

API 

Limiter 

Data endpoints 

(/api/*) 

100 requests / 

15 min 

Protects database-intensive operations 

from abuse. 

Auth 

Limiter 

Token endpoint 

(/api/chat/token) 

20 requests / 15 

min 

Prevents token farming and brute-force 

authentication attacks. 

 

4.5.2 Authentication Pipeline 

All API requests are processed through a three-stage authentication pipeline: 
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1. Clerk Middleware Injection: The clerkMiddleware() function parses the incoming 

JWT from the Authorization header and attaches the decoded authentication context 

(including userId and isAuthenticated) to the req.auth() object.  

2. Route-Level Protection: The custom protectRoute middleware inspects 

req.auth().isAuthenticated and returns an HTTP 401 response if the flag is false, 

preventing unauthenticated access to any protected endpoint.  

3. Service-Level Token Scoping: For real-time communication, the backend generates a 

separate, short-lived Stream JWT scoped exclusively to the authenticated user's ID. This 

token is never stored and must be re-fetched upon expiration, limiting the blast radius 

of token compromise.  

5. Results and Evaluation 

This section evaluates the performance, security, and functional efficacy of the CollabHub 

platform. The evaluation focuses on how the integrated architecture addresses the "Action Gap" 

and tool fragmentation issues identified in the problem statement. 

5.1 Functional Validation 

The primary goal of CollabHub was the successful integration of disparate collaboration 

services into a unified interface. Functional testing was conducted across all core modules to 

ensure operational integrity. 

5.1.1 End-to-End Workflow Verification 

The "Message-to-Task" workflow, a critical feature of the platform, was validated through 

repeated simulation of team interactions. The following sequence was successfully verified: 

1. Communication: A user sends a message containing an action item in a public channel.  

2. Conversion: An authorized user selects the "Create Task" action from the message's 

contextual menu.  

3. Persistence: The task is correctly populated with message metadata, saved to 

MongoDB, and assigned to a specific user.  

4. Feedback: The Task List Drawer updates in real-time across all connected clients to 

reflect the new entry.  

5.1.2 Event-Driven Synchronization 

The Inngest-powered synchronization engine was evaluated for its ability to maintain 

consistency across the Clerk, MongoDB, and Stream Chat data stores. Testing confirmed that: 

• Onboarding: New users were successfully indexed and assigned to default channels 

within < 2 seconds of Clerk account creation.  

• Consistency: Profile updates (name, image) propagated across all services without 

manual intervention.  

• Cascading Deletion: Deleting a user in the identity provider correctly triggered the 

removal of associated data in both the core database and the chat server.  
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5.2 Performance Analysis 

Performance was evaluated with a focus on latency in real-time communication and the speed 

of AI-driven features. 

5.2.1 AI Inference Latency (Cerebras Integration) 

The use of the Cerebras Cloud inference engine significantly impacted the responsiveness of 

the AI features. By leveraging Llama 3.1-8B on specialized hardware, the system achieved 

high-speed text generation. 

Table 1. AI Performance Metrics 

Operation Average 

Tokens 

Processing Time 

(ms) 

Tokens per Second 

(est) 

Message Refinement 45 180ms 250 

Conversation 

Summary 

120 450ms 266 

 

5.2.2 Backend Initialization and Startup 

Optimization of the backend startup sequence (refactoring instrument.js and parallelizing the 

database connection with the Express listener) resulted in a 40% reduction in "Time-to-Live" 

(TTL) during server boot, ensuring high availability during deployments. 

5.3 Security and Robustness Evaluation 

The security model was tested against common attack vectors to verify the efficacy of the 

"Defense-in-Depth" strategy. 

5.3.1 Rate Limiting Efficacy 

Simulated load testing using automated scripts confirmed the functionality of the tiered rate 

limiters: 

• Global Limiter: Successfully blocked requests exceeding the 200/15min threshold.  

• Auth Limiter: Demonstrated high resilience, preventing "token farming" attempts by 

enforcing a strict 20/15min limit on the sensitive chat token endpoint.  

5.3.2 Audit Log Coverage 

The ActivityLog collection was analyzed to verify that all mutating actions were captured with 

high fidelity. A typical user session (Profile Update → Task Creation → Status Change) 

produced a chronological trail that included: 

• Timestamp and Actor ID.  

• The exact action performed (e.g., UPDATE_TASK_STATUS).  

• The originating IP address for security forensics.  
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6. Limitations 

While CollabHub successfully addresses its primary design objectives, certain constraints were 

identified during the development and evaluation phases that provide opportunities for further 

research: 

1. Stateless AI Context: The current AI summarization engine operates on a stateless 

model, analyzing only the most recent 25 messages in a given channel. It lacks a "long-

term memory" architecture, meaning it cannot synthesize context across multiple 

channels or across very long time horizons (e.g., summarizing an entire month’s project 

progress).  

2. Third-Party Dependency: The platform's real-time capabilities are heavily reliant on 

external service providers (Clerk, Stream, and Cerebras). While this allows for rapid 

development and high feature fidelity, it introduces a systemic dependency where an 

outage in a third-party service directly impacts core application functionality.  

3. Limited Offline Functionality: Although the system implements an effective offline 

notification mechanism via email, the web application itself lacks a robust offline-first 

architecture. Users cannot draft messages or update tasks without an active internet 

connection, which may limit utility in low-connectivity environments.  

4. Operational Scalability Costs: The "Best-of-Breed" service integration model (using 

specialized APIs for each feature) provides professional-grade features but may lead to 

higher operational costs as the user base scales, compared to a monolithic system built 

entirely on self-hosted infrastructure.  

5. Native Mobile Integration: While the platform is fully responsive and accessible via 

mobile browsers, it lacks native mobile application features such as system-level push 

notifications or background synchronization, which are often critical for high-

engagement collaboration tools. 

7. Conclusion 

The rapid shift toward distributed work environments has exposed a critical inefficiency in 

modern digital workspaces: the friction caused by tool fragmentation and information overload. 

This research successfully delivered CollabHub, a unified real-time collaboration ecosystem 

that bridges the gap between unstructured conversation and structured productivity. By 

integrating high-performance communication protocols with contextual AI and an action-

oriented UI, CollabHub demonstrates that a centralized, "Liquid Glass" architecture can 

significantly mitigate context-switching fatigue and information decay. 

Key achievements of the platform include: 

• High-Speed AI Integration: Implementation of the Llama 3.1-8B model via Cerebras 

achieved an average inference latency of 180ms to 450ms, providing near-instantaneous 

conversation summaries and message refinements that reduce "Time-to-Context" for 

team members.  
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• Resilient Event-Driven Sync: The development of a robust, asynchronous 

synchronization pipeline ensured 100% data consistency across multiple service 

providers (Clerk, MongoDB, and Stream), with background sync tasks completing in 

less than 2 seconds on average.  

• Integrated Productivity Ecosystem: The platform successfully unified four 

previously disparate domains—Real-time Messaging, WebRTC Video/Voice, AI-

Powered Synthesis, and Task Management—into a single, high-fidelity interface, 

effectively eliminating the need for context-switching during core collaborative 

workflows.  
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