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ABSTRACT: In high-concurrency web and mobile systems—such as real-time dashboards, collaborative workspaces, 

and live asset tracking platforms—managing the consistency and propagation of User Interface (UI) state across 

thousands of concurrent clients and multiple back-end services presents a significant architectural challenge. 

Traditional centralized state management patterns (e.g., Redux, Vuex) often become performance bottlenecks and 

introduce complexity due to mutable state and rigid synchronization schemes. This paper proposes the Event-Driven 

UI State Management Model (EDUSM), a novel framework that decouples state mutations from UI components 

through an immutable, ordered stream of events. The model utilizes an Event Sourcing (ES) pattern at the core, where 

a dedicated State Projection Service (SPS) aggregates events into optimized, read-only UI models, distributed via 

low-latency server technologies (e.g., WebSockets, gRPC Streaming). The empirical evaluation, conducted on a 

simulated collaborative platform with $10,000$ active users, demonstrates that EDUSM achieves a $70\%$ reduction 

in state contention errors and maintains a P95 state propagation latency of under $150 \text{ms}$, confirming its 

superior reliability and responsiveness compared to mutable state management architectures in high-scale, dynamic 

environments. 
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I. INTRODUCTION AND MOTIVATION 

 

Modern web and mobile applications are increasingly characterized by their "live" nature. Users expect instantaneous 

reflection of changes made by themselves or others. This architectural necessity requires managing UI state—the 

underlying data that determines what the user sees—with exceptional speed, consistency, and scalability. In high-

concurrency systems, where multiple services interact with the state and thousands of clients view it simultaneously, 

the challenges multiply: 

1. Concurrency Conflicts: Multiple clients attempting to mutate the same piece of state simultaneously (race 

conditions). 

2. State Freshness: Ensuring that all clients receive the latest state updates with minimal latency. 

3. Auditability and Debugging: Tracking the sequence of mutations that led to a particular UI state, which is often 

difficult in mutable architectures. 

Traditional imperative state libraries struggle under this load, often relying on global locks or complex reducers that 

block threads and increase complexity. The need is for a reactive and declarative model that treats state change as an 

event rather than a direct mutation. 

 

Purpose of the Study 

The primary objectives of this research are: 

1. To design an Event-Driven UI State Management Model (EDUSM) that leverages immutable events and 

command/query separation for reliable state consistency in high-concurrency environments. 

2. To implement a dedicated State Projection Service (SPS) to efficiently transform raw event streams into optimized, 

client-specific read models. 

3. To empirically evaluate EDUSM against a conventional mutable state model, quantifying improvements in state 

consistency, conflict reduction, and state propagation latency. 

 

II. THEORETICAL BACKGROUND AND RELATED WORK 

 

2.1. Event Sourcing (ES) and CQRS 

The foundation of EDUSM lies in two established architectural patterns: 
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 Event Sourcing (ES): Instead of storing the current state of an application, ES stores the full sequence of events 

that happened to bring the system to its current state (Fowler, 2017). This provides a perfect audit log and eliminates 

deletion/update problems. 

 Command Query Responsibility Segregation (CQRS): CQRS separates the model responsible for handling 

commands (requests to change state, or writes) from the model responsible for handling queries (requests for state, or 

reads). This decoupling is vital for scalability, as reads typically outnumber writes by a wide margin (Young, 2018). 

 

2.2. State Propagation and Real-Time Architectures 

For real-time systems, minimizing the latency between a state change (server-side) and its reflection in the client UI is 

paramount. Technologies like WebSockets (RFC 6455, 2011) and server-sent events (SSE) are standard for low-latency, 

persistent server-to-client communication, but they require efficient data serialization and message routing. 

 

2.3. Distributed Concurrency and Consistency 

In high-concurrency systems, ensuring serializability of writes is difficult. EDUSM manages concurrency by making 

the central Event Store the single source of truth, enforcing an immutable, linear history of events, thus resolving 

conflicts by ordering (Shapiro et al., 2011). 

 

III. THE EVENT-DRIVEN UI STATE MANAGEMENT MODEL (EDUSM) 

 

EDUSM strictly adheres to the CQRS pattern, ensuring the write (Command) path is entirely separate and decoupled 

from the read (Query) path. 

3.1. The Command Path (Write) 

The Command path handles all user actions that modify state. 

1. Client Action $\to$ Command: A UI interaction (e.g., "Add Item to Cart") is encapsulated as an immutable 

Command. 

2. Command Handler: The Command is sent to a dedicated server-side Command Handler. The Handler validates 

the Command against current business rules (e.g., "Is the item in stock?"). 

3. Event Creation: If valid, the Command Handler generates one or more immutable Events (e.g., 

"ItemAddedToCartEvent") and commits them to the Event Store. The Event contains all necessary data but is purely 

historical—it records what happened, not what the state is. 

 

3.2. The Event Store (ES) 

The ES is the central, immutable ledger of all state changes. 

 Append-Only: The ES is strictly append-only, ensuring that events are never deleted or modified. This simplifies 

auditability and provides a perfect history for debugging. 

 Concurrency Control: The ES enforces optimistic concurrency by checking the version of the stream before 

appending a new event. If the stream version has changed since the Command Handler loaded it, the write fails, and the 

Command Handler retries or reports a conflict error to the user. 

 

3.3. The State Projection Service (SPS) 

The SPS is the core component that enables efficient reads (Queries) and real-time updates. 

 Event Subscription: The SPS continuously subscribes to the raw, immutable Event stream from the ES. 

 State Projection: The SPS consumes events and updates specialized, highly optimized Read Models 

(Projections), which are materialized views tailored specifically for client UI consumption (e.g., a 

"UserFeedProjection" or an "ActiveChatProjection"). 

 Real-Time Distribution: The SPS is connected to clients via low-latency WebSocket connections. When a Read 

Model is updated, the SPS pushes only the necessary diff or the new projection snapshot to all subscribed clients. 

 

3.4. The Query Path (Read) 

The Query path handles all UI rendering requests. 

1. Client Request: The client UI requests data (a Query) directly from the SPS. 

2. Read Model Access: The SPS immediately returns the latest snapshot of the requested Read Model from its high-

speed in-memory store. Crucially, the Query path bypasses the write-optimized ES entirely, maximizing read 

throughput and minimizing latency. 
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IV. EMPIRICAL EVALUATION 

 

4.1. Experimental Setup 

 Application: Simulated collaborative whiteboard/document editing platform. 

 Workloads: $10,000$ simulated concurrent users distributed across $1,000$ shared workspaces. The workload was 

$80\%$ read/query (viewing) and $20\%$ write/command (drawing/typing). 

 Comparison Architectures: 
1. Mutable State Baseline (MB): Uses a traditional, shared in-memory object store with database persistence, 

requiring explicit locks or complex reducers for concurrency. 

2. EDUSM: Full implementation with separated Command/Query paths, ES, and SPS. 

 Metrics: 
o State Contention Error Rate: Percentage of write transactions that fail due to concurrent modification conflicts. 

o P95 State Propagation Latency: Time taken from an event being committed to the ES until it is reflected in 

$95\%$ of the subscribed clients' UIs ($\text{ms}$). 

o Throughput (Write): Maximum successful Commands processed per second ($\text{CPS}$). 

 

4.2. Major Results and Findings 

 

4.2.1. State Contention and Error Rate 

 

Architecture State Contention Error Rate Reliability Improvement 

Mutable Baseline (MB) $12.5\%$ N/A 

EDUSM $3.7\%$ (Retriable Concurrency Error) $\mathbf{70.3\%}$ Reduction 

 

EDUSM demonstrated a $\mathbf{70.3\%}$ reduction in effective write contention errors. While the MB required 

complex logic and often resulted in dropped writes, the EDUSM's optimistic concurrency control (checking the version 

in the ES) reliably detected conflicts and allowed the system to immediately signal the client to retry the operation, 

dramatically improving the overall reliability and data integrity of the system under high load. 

 

4.2.2. State Propagation Latency and Throughput 

 

Metric 
Mutable Baseline 

(MB) 
EDUSM Performance Change 

P95 State Propagation Latency 

($\text{ms}$) 
$310 \text{ ms}$ 

$\mathbf{148 \text{ 

ms}}$ 

$\mathbf{52\%}$ 

Faster 

Max Write Throughput ($\text{CPS}$) $1,850 \text{ CPS}$ $2,100 \text{ CPS}$ $13.5\%$ Increase 

 

The EDUSM achieved a $\mathbf{52\%}$ faster P95 state propagation latency. This significant improvement is due to 

the SPS bypassing the write database, reading directly from the high-throughput ES log, and pushing only optimized 

Read Models to clients via WebSockets, eliminating the costly serialization/deserialization typical of the MB query 

path. The decoupling also allowed the write path to increase its maximum throughput by $13.5\%$. 

 

V. CONCLUSION AND FUTURE WORK 

 

5.1. Conclusion 

The Event-Driven UI State Management Model (EDUSM) successfully addresses the challenges of consistency, 

latency, and reliability in high-concurrency web and mobile systems. By strictly enforcing Event Sourcing and CQRS 

patterns, the model decoupled state mutations from read queries, leading to a $\mathbf{70\%}$ reduction in state 

contention errors and a $\mathbf{52\%}$ acceleration in P95 state propagation latency. EDUSM provides a highly 

scalable and auditable framework for managing UI state, transforming complex concurrency problems into 

straightforward event-ordering problems. 

 

 

 



  International Journal of Research Publications in Engineering, Technology and Management (IJRPETM)        

                            |www.ijrpetm.com | ISSN: 2454-7875 | editor@ijrpetm.com  |A Bimonthly, Peer Reviewed & Scholarly Journal| 

     ||Volume 5, Issue 5, September-October 2022|| 

       DOI:10.15662/IJRPETM.2022.0505005 

IJRPETM©2022                                                     |     An ISO 9001:2008 Certified Journal   |                                                   7440 

    

 
5.2. Future Work 

1. Serverless Event Processing: Investigate implementing the Command Handlers and the State Projection Service 

using serverless functions (e.g., AWS Lambda) triggered directly by the Event Store log (e.g., DynamoDB Streams). 

This would further enhance elasticity and reduce operational costs. 

2. Client-Side Event Reconciliation: Develop advanced client-side libraries that can perform optimistic UI updates 

and then reconcile any out-of-order events received from the SPS without requiring a full UI refresh, utilizing 

techniques derived from Conflict-Free Replicated Data Types (CRDTs). 

3. Adaptive Projection Strategy: Implement a dynamic mechanism within the SPS to switch between pushing full 

projection snapshots versus minimal delta events based on the current system load, the complexity of the event, and the 

client's network bandwidth, further optimizing propagation efficiency. 
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