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ABSTRACT 

Bakery operations operate within a highly time-sensitive environment influenced by 

perishable inventory, fluc-tuating customer demand, and the simultaneous handling of walk-

in orders, scheduled pickups, customized production, and delivery processes. Despite the 

growing adoption of digital solutions, many small and medium-scale bakeries continue to 

rely on fragmented systems for order management, kitchen coordination, customer 

interaction, and administrative control. This lack of integration often results in delayed 

synchronization, limited visibility of order states, workflow inefficiencies, and reduced 

traceability of operational activities. 

This paper proposes an event-driven bakery operations platform that integrates order 

processing, kitchen execution, delivery coordination, loyalty management, and policy-driven 

administrative control within a unified architecture. The system is developed using the MERN 

stack and employs Socket.io to enable real-time communication and dynamic workflow 

updates. The proposed design separates user interaction, transaction processing, and event 

handling into distinct layers to enhance scalability, maintainability, and system 

responsiveness. 

Furthermore, the platform incorporates role-based access control, audit-enabled governance, 

and a structured lifecycle model to enforce valid order transitions and improve operational 
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clarity. Performance evaluation through simulated workflows demonstrates improved 

synchronization, reduced latency, enhanced visibility, and reliable event propagation. The 

results indicate that an event-driven approach provides an effective and scalable solution for 

modern bakery operations by replacing disconnected systems with a cohesive real-time 

coordination framework. 

 

INDEX TERMS: Event-driven architecture, bakery operations, kitchen display system, order 

lifecycle, MERN stack, real-time systems, role-based access control, workflow orchestration. 

 

I. INTRODUCTION 

Bakery operations constitute a hybrid environment that combines elements of retail service, 

production workflows, delivery coordination, and customer relationship management. Unlike 

traditional restaurant systems, bakery businesses often handle multiple parallel processes, 

including walk-in purchases, advance order scheduling, customized product preparation, 

batch production, packaging, and delivery logistics. The coexistence of these activities 

introduces significant complexity, making efficient coordination, real-time visibility, and 

accurate timing essential for maintaining operational efficiency and service quality. 

In many real-world bakery settings, digital infrastructure remains fragmented. Order entry, 

kitchen preparation, and delivery tracking are frequently managed through separate tools or 

semi-manual processes. As a result, there is often a disconnect between order confirmation 

and actual execution within the kitchen and dispatch systems. During peak hours, such 

fragmentation can lead to delayed updates, repeated manual verification, miscommunication 

between staff roles, and increased likelihood of operational errors. These challenges 

ultimately reduce system reliability and hinder effective decision-making. 

To address these limitations, modern distributed systems increasingly adopt event-driven 

architectures that enable realtime coordination between system components [1], [2]. Instead 

of relying on continuous polling mechanisms, event-driven systems propagate state changes 

instantly to relevant subscribers, thereby improving responsiveness and reducing system 

overhead [3], [4]. In the context of bakery operations, such an approach is particularly 

beneficial, as it ensures that order status, preparation progress, and dispatch readiness are 

consistently synchronized across all stakeholders. 

This paper presents an event-driven bakery operations platform designed to explicitly model 

order progression and deliver real-time updates across system interfaces. The proposed 

solution integrates point-of-sale operations, kitchen workflow management, readiness 
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validation, delivery coordination, customer loyalty mechanisms, and administrative 

governance within a unified full-stack architecture. By structuring the system into distinct 

layers for user interaction, transaction processing, and event handling, the design enhances 

modularity, scalability, and maintainability. 

 

The primary contributions of this work are summarized as follows: 

• Development of a bakery-specific event-driven architecture organized into experience, 

transaction, and event layers. 

• Design of a structured order lifecycle model that enforces valid state transitions and 

prevents workflow inconsistencies. 

• Integration of role-based access control and audit-oriented governance for improved 

system security and traceability. 

• Evaluation of system performance demonstrating the benefits of real-time 

synchronization in reducing delays and improving operational visibility. 

 

The remainder of this paper is organized as follows. Section II discusses related work and 

identifies existing research gaps. Section III outlines the research methodology. Section IV 

presents system analysis and requirement specifications. Section V describes the proposed 

architecture and implementation details. Section VI provides experimental evaluation results. 

Section VII discusses findings, limitations, and future research directions. Finally, Section 

VIII concludes the paper. 

 

II. RELATED WORK AND RESEARCH GAP ANALYSIS 

A. Digital Transformation in Bakery and Food-Service Operations 

The adoption of digital technologies in small and medium-sized food-service businesses has 

increased significantly in recent years. These systems support order management, production 

planning, and customer engagement. However, the presence of digital tools alone does not 

ensure improved operational performance. When systems operate in isolation, issues such as 

inconsistent information flow, redundant tasks, and lack of coordination across operational 

roles persist. Prior studies indicate that effective workflow management depends not only on 

automation but also on the timely propagation of state changes and consistent system-wide 

synchronization [5], [6]. 

 

B. Event-Driven Architecture and Real-Time Coordination 

Event-driven architectures have gained prominence in distributed computing environments 
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where rapid responsiveness is required. Instead of relying on continuous polling, such 

systems notify relevant components immediately when state changes occur. This mechanism 

enhances responsiveness and reduces system overhead while promoting loose coupling 

between components [1], [3]. Additionally, this architectural approach improves scalability 

and extensibility, making it suitable for applications that require real-time coordination. In 

retail and service domains, event-driven communication has proven effective in maintaining 

order visibility, enabling instant notifications, and ensuring process consistency [7], [8], [9]. 

 

C. Kitchen Display Systems and Workflow Orchestration 

Kitchen Display Systems (KDS) have evolved from basic digital order displays into advanced 

coordination tools that support task prioritization, preparation tracking, and completion 

monitoring.  

 

These systems enhance communication  

between front-end ordering interfaces and kitchen operations. However, most existing 

implementations are tailored toward conventional restaurant environments. Bakery 

workflows, which often involve batch processing, customized production, and delayed 

pickup or delivery, require more flexible and specialized coordination mechanisms. This 

highlights the need for workflow models that accurately represent bakery-specific operational 

processes and state transitions [10]. 

 

D. Governance, RBAC, and Auditability 

Role-Based Access Control (RBAC) is widely used to regulate access to system resources 

and enforce operational security [11], [12]. While RBAC effectively restricts unauthorized 

actions, modern systems require additional mechanisms to ensure accountability. 

Administrative configurations, permission changes, and exceptional actions must be traceable 

to maintain system integrity. Research in enterprise systems suggests that combining RBAC 

with audit logging and role-aware governance significantly improves transparency and 

control in operational environments [13], [14]. 

 

E. Research Gap 

Although existing commercial platforms provide strong capabilities in specific areas such as 

point-of-sale systems, inventory management, or customer interaction, they often lack an 

integrated and transparent architectural framework. In particular, there is limited focus on 

combining bakery-specific lifecycle modeling, real-time event-driven communication, and 
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policy-based governance within a single unified system. This research addresses this gap by 

proposing and evaluating a cohesive event-driven platform tailored specifically for bakery 

operations, emphasizing real-time coordination, structured workflow management, and 

comprehensive governance. 

 

III. RESEARCH METHODOLOGY 

This study adopts the Design Science Research (DSR) paradigm, which is well suited for 

developing and evaluating artifacts intended to solve practical problems [15], [16]. The 

primary objective of this approach is to design a functional software system while ensuring 

that the solution is grounded in established principles of software engineering, system 

coordination, and enterprise-level control mechanisms. 

The research process was carried out in a structured sequence of stages. Initially, the problem 

domain was analyzed by examining the limitations of existing bakery workflows, particularly 

the issues arising from fragmented systems and lack of real-time coordination. Based on this 

analysis, both functional and non-functional requirements were defined to address the needs 

of order processing, kitchen operations, and delivery management. 

Following requirement identification, a prototype system was designed and implemented 

using modern web-based technologies that support real-time communication and scalable 

system behavior. The architecture was structured to separate user interaction, transaction 

processing, and event handling, enabling efficient coordination across system components. 

Subsequently, the developed prototype was evaluated through controlled simulations 

representing typical bakery operations. These simulations included scenarios such as order 

placement, preparation updates, and delivery handoff processes. System performance was 

analyzed using quantitative metrics, while workflow effectiveness was assessed through role-

based interaction scenarios. 

The evaluation approach incorporated both technical and operational perspectives. From a 

technical standpoint, key performance indicators such as API response time, database 

transaction latency, WebSocket communication delay, and overall system resource utilization 

were measured under simulated load conditions. From a workflow perspective, the study 

examined how effectively the platform provided real-time visibility of order status, improved 

coordination between roles, and minimized ambiguity in operational handoffs through the use 

of a structured lifecycle model. 
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IV. SYSTEM ANALYSIS AND REQUIREMENTS 

A. Stakeholders 

The proposed platform is designed to support a diverse set of operational stakeholders, each 

interacting with the system according to their specific responsibilities: 

• Customer: Interacts with the system to browse available products, place orders, apply 

promotional offers, and monitor the status of ongoing orders. 

• Operations Administrator: Responsible for managing the product catalog, configuring 

system settings, assigning user roles, and maintaining operational traceability. 

• Kitchen Preparation Staff: Handles order execution by receiving assigned tasks, 

confirming order acceptance, and updating preparation progress in real time. 

• Quality-Control Staff: Ensures that prepared items meet quality standards and confirms 

order readiness before dispatch or pickup. 

• Dispatch Staff: Oversees the final stage of order fulfillment by coordinating delivery or 

customer pickup once the order is marked ready. 

• Managerial User: Monitors overall system performance, reviews operational reports, 

and evaluates workflow efficiency and governance compliance. 

 

B. Functional Requirements 

The system is required to provide a unified and integrated workflow that supports the 

complete lifecycle of an order. Core functionalities include centralized order ingestion from 

multiple channels, real-time tracking of order progression, and enforcement of valid state 

transitions through a structured lifecycle model. Additionally, the platform must support 

atomic processing of coupon and loyalty mechanisms to ensure consistency in pricing and 

rewards. 

The system should also implement role-based visibility, ensuring that users can access only 

the information and actions relevant to their responsibilities. Administrative operations must 

be traceable to support accountability and system integrity. 

 

C. Non-Functional Requirements 

In addition to functional capabilities, the platform must satisfy several critical non-functional 

requirements. These include maintaining low latency for real-time updates, ensuring system 

stability under varying load conditions, and providing reliable audit mechanisms for tracking 

critical operations. The system should also be resilient to partial failures, ensuring that non-

essential component failures do not disrupt core operational workflows. 
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These requirements are particularly important in bakery environments, where timely 

information updates and consistent interpretation of order status are essential for efficient 

coordination and service delivery. 

 

V. PROPOSED ARCHITECTURE AND IMPLEMENTATION 

The proposed bakery operations platform is structured into three primary architectural layers, 

namely the Experience Plane, the Transaction Plane, and the Event Plane. This layered design 

separates user interaction, core business logic, and asynchronous communication, enabling 

efficient coordination while maintaining system modularity and scalability. 

 

 

Fig. 1: Overall event-driven bakery operations architecture illustrating the experience, 

transaction, and event planes. 

 

The Experience Plane represents the front-end layer through which different stakeholders 

interact with the system. It includes interfaces for customers, administrative staff, kitchen 

personnel, dispatch operators, and managerial users. Each interface is tailored to provide role-

specific functionality, ensuring that users access only the relevant information and actions 

required for their tasks. 

The Transaction Plane acts as the core processing layer of the system. It is responsible for 

validating incoming requests, managing order creation, maintaining system state, handling 

coupon and loyalty logic, and executing business rules. This layer ensures data consistency 

and enforces application-level constraints before any state changes are committed to the 

database. 

The Event Plane facilitates real-time communication across system components. It 

propagates state changes using an event-driven mechanism implemented through Socket.io. 
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By broadcasting updates to subscribed interfaces, this layer eliminates the need for 

continuous polling and significantly improves the responsiveness and visibility of system 

operations. A key component of the proposed architecture is the lifecycle management 

engine, which governs the progression of orders through predefined states. Unlike loosely 

managed status flags, the system enforces a structured sequence of transitions to ensure 

consistency and traceability. 

 

The order lifecycle is defined as a sequence of states, namely: PENDING, APPROVED, 

PREPARING, READY, DISPATCHED, and DELIVERED. 

 

 

Fig. 2: Order lifecycle state machine representing valid transitions in bakery operations. 

 

An order initially enters the PENDING state and transitions to APPROVED after successful 

validation of payment and associated transaction logic. Once acknowledged by the kitchen, 

the order moves to the PREPARING state. Upon completion of preparation and quality 

verification, the order is marked as READY. The assignment of delivery or pickup handling 

moves the order to the DISPATCHED state, and the final confirmation of fulfillment results 

in the DELIVERED state. Any attempt to bypass or violate these transitions is rejected and 

recorded, ensuring process integrity. 

 

 

Fig. 3: Event-driven communication flow enabling real-time synchronization between 

system components. 
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In addition to lifecycle management, the platform integrates coupon validation and loyalty 

processing directly within the transaction layer. This ensures that pricing adjustments and 

reward mechanisms are applied consistently during order processing. Governance 

mechanisms are implemented through role-based access control, route-level authorization, 

and audit logging of critical administrative actions. These features enhance system security, 

improve accountability, and reduce ambiguity in user permissions. 

 

VI. EXPERIMENTAL SETUP AND EVALUATION 

The proposed system was evaluated through a series of simulated bakery operation scenarios, 

including order placement, kitchen acknowledgment, preparation updates, and final dispatch 

handling. The primary objective of this evaluation was to analyze whether the platform 

enhances coordination across different operational roles and reduces ambiguity in order 

tracking. 

From a technical standpoint, the system was tested under both normal and high-load 

conditions to assess its performance and stability. Key performance indicators included 

average API response time, database transaction latency, WebSocket-based event 

propagation delay, and overall server resource utilization. 

 

TABLE I: Quantitative performance metrics under simulated load. 

Performance Metric Nominal Load Peak Load Target Threshold 

REST API response time (avg.) 124 ms 385 ms < 500 ms 

Database transaction latency 45 ms 112 ms < 200 ms 

WebSocket event latency 28 ms 86 ms < 150 ms 

CPU utilization 14% 78% < 85% 

 

In addition to technical evaluation, a workflow-oriented comparison was conducted between 

the proposed system and a fragmented baseline setup. The baseline represents a conventional 

environment where order updates are partially manual or delayed across different stages of 

operation. 
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TABLE II: Operational workflow comparison between fragmented baseline and 

proposed platform. 

Metric Baseline Proposed Platform 

Order visibility delay 145 s 0 s 

Routing error rate 8% 0% 

State synchronization Manual / delayed Real-time 

Kitchen handoff clarity Partial Explicit 

Dispatch readiness visibility Inconsistent Immediate 

Audit traceability Weak Strong 

 

The observed performance metrics indicate that the system maintains stable responsiveness 

even under increased workload conditions. Furthermore, the workflow comparison 

demonstrates that the adoption of an event-driven architecture significantly enhances real-

time visibility, reduces coordination delays, and improves clarity in operational processes 

across all participating roles. 

 

VII.  RESULTS AND DISCUSSION 

The evaluation results demonstrate that the proposed architecture enhances both system 

performance and operational efficiency. The division of the system into experience, 

transaction, and event planes introduces clear separation of responsibilities, allowing each 

layer to function independently while maintaining seamless interaction. This design enables 

rapid propagation of state changes without compromising system stability. 

The implementation of a structured lifecycle engine significantly improves process reliability. 

By enforcing valid state transitions, the system prevents inconsistent or invalid order 

progression. This ensures that all stakeholders share a consistent understanding of the current 

order status, thereby reducing confusion and operational errors. 

The event-driven communication model further contributes to improved coordination across 

roles. Real-time broadcasting of updates related to preparation progress, readiness 

confirmation, and dispatch status eliminates the need for manual status checks. As a result, 

delays in information flow are minimized, and operational decisions can be made more 

efficiently. 

Additionally, the integration of governance mechanisms such as role-based access control 

and audit logging strengthens system accountability. These features ensure that sensitive 

actions are both restricted and traceable, thereby improving system integrity and 
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administrative control. 

Overall, the findings suggest that bakery management systems should be designed as active 

coordination platforms rather than passive data storage solutions. The proposed approach 

demonstrates that real-time synchronization, combined with structured workflow 

enforcement, can significantly improve operational transparency and efficiency. 

 

VIII. LIMITATIONS AND FUTURE WORK 

The current study is based on simulated operational scenarios and does not include 

deployment in a real-world multi-branch bakery environment. Consequently, certain practical 

factors such as network instability, integration with external delivery services, and large-scale 

coordination across multiple outlets have not been fully evaluated. These aspects may 

influence system performance and require further validation in real deployment conditions. 

Additionally, the present implementation relies primarily on rule-based logic for operational 

decision-making. While this approach ensures consistency and control, it does not 

incorporate predictive capabilities that could enhance planning and optimization. 

Future research can extend the proposed architecture by integrating distributed event-

streaming platforms to support higher scalability and fault tolerance. The inclusion of 

predictive models for demand forecasting and intelligent inventory management can further 

improve operational efficiency. Moreover, expanding the system to support multi-branch 

coordination and cross-location synchronization would make the platform more suitable for 

large-scale bakery enterprises. These enhancements would strengthen both the scalability and 

decision-making capabilities of the system. 

 

IX. CONCLUSION 

This paper introduced an event-driven bakery operations platform designed to unify order 

management, preparation workflows, customer engagement, dispatch coordination, and 

administrative governance within a single architectural framework. By adopting a structured 

lifecycle model and real-time event propagation, the system addresses the limitations of 

fragmented bakery workflows and improves overall operational efficiency. 

The proposed approach enhances visibility across all stages of order processing, ensures 

faster response to state changes, and enables consistent coordination between different 

operational roles. The integration of governance mechanisms further strengthens system 

reliability by enforcing controlled access and maintaining traceability of critical actions. 

The findings of this study highlight the effectiveness of event-driven design in transforming 

http://www.ijarp.com/


                                                        International Journal Advanced Research Publication 

www.ijarp.com                                                                                                                                                                                                                       

       12 

 

bakery management systems into coordinated, real-time platforms. Such systems not only 

improve current operational processes but also provide a scalable foundation for future 

advancements in food-service technology, particularly in environments that demand both 

responsiveness and structured control. 
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