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ABSTRACT: This study explores the implementation of a Smart Class Scheduling System (SCSS) incorporating
middleware and communication protocols to enhance scheduling efficiency, optimize resource management, and
facilitate real-time communication within educational institutions. By leveraging WebSockets and MQTT, the SCSS
provides real-time updates, enabling immediate notification of schedule changes, class conflicts, and room availability.
The system was evaluated for its impact on scheduling efficiency, resource utilization, and user satisfaction. Results
show that the SCSS reduced scheduling time by 30%, improved resource allocation by 15%, and increased user
satisfaction, with 90% of faculty and students expressing positive feedback. Additionally, the SCSS demonstrated
strong scalability, supporting up to 500 concurrent users with minimal performance degradation. The findings highlight
the critical role of middleware and communication protocols in modernizing class scheduling systems.
Recommendations for future improvements include the integration of predictive analytics for demand forecasting,
extending mobile access, and providing targeted user training to optimize system usage.

KEYWORDS: Smart Class Scheduling System (SCSS), Middleware, Communication Protocols, Real-time
Communication, WebSockets, MQTT

L. INTRODUCTION

Efficient class scheduling is a fundamental aspect of academic management in educational institutions (Smith &
Johnson, 2020). A well-structured scheduling system ensures optimal use of classrooms, faculty availability, and
resource allocation while minimizing conflicts and inefficiencies (Anderson, 2019). However, traditional scheduling
methods, which often rely on manual processes or rigid rule-based systems, struggle to adapt to the dynamic and
growing needs of modern institutions (Brown et al., 2021). These limitations highlight the necessity of Smart Class
Scheduling Systems (SCSS) that leverage automation and intelligent technologies to enhance scheduling accuracy and
efficiency (Lee & Martinez, 2022).

One of the key technological advancements that can improve scheduling systems is the integration of middleware and
communication protocols (Kumar & Ahmed, 2023). Middleware serves as a software intermediary, enabling different
components of the scheduling system—such as databases, user interfaces, and administrative tools—to communicate
and exchange data seamlessly (Garcia & Thompson, 2020). It enhances system interoperability, scalability, and
flexibility, allowing real-time updates and automated scheduling adjustments (Wang et al., 2021). On the other hand,
communication protocols define the rules for secure and efficient data transmission, ensuring reliable interaction
between users and the scheduling system (Perez, 2022). These protocols play a crucial role in minimizing latency,
preventing data loss, and securing sensitive information (Clark & Singh, 2018).

With the rapid advancement of technologies such as cloud computing, artificial intelligence (Al), and the Internet of
Things (IoT), the role of middleware and communication protocols in academic scheduling has become more
significant (Chen et al., 2021). By implementing a middleware-driven scheduling framework, institutions can reduce
administrative workload, improve decision-making, and enhance overall system performance (Nguyen & Taylor,
2023). Furthermore, robust communication protocols ensure real-time synchronization, user authentication, and data
encryption, which are critical for maintaining the security and integrity of scheduling data (Lopez & Patel, 2019).

This study explores the role of middleware and communication protocols in the development of an efficient Smart
Class Scheduling System. It examines different middleware architectures (such as Service-Oriented Architecture and
Message-Oriented Middleware) and communication protocols (including REST, WebSockets, and MQTT) to
determine their impact on scheduling optimization (Smith et al., 2020). Additionally, this research proposes a scalable
and intelligent scheduling framework that integrates faculty preferences, classroom availability, and institutional
policies to create an automated and conflict-free scheduling system (Kim & Roberts, 2022).
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By addressing the limitations of traditional scheduling methods and leveraging modern technologies, this study
contributes to the advancement of intelligent scheduling solutions for educational institutions. The proposed system
aims to create a more efficient, flexible, and technology-driven scheduling process, ultimately enhancing academic
management and improving the overall learning experience (Jones et al., 2023).

II. OBJECTIVES OF THE STUDY

The primary objective of this study is to design and implement a Smart Class Scheduling System that integrates
middleware and communication protocols to enhance scheduling efficiency, minimize conflicts, and provide real-time
updates. The specific objectives are:

1. Explore the role of middleware technologies in facilitating communication and integration between different
components of the scheduling system.

2. Investigate and identify the most suitable communication protocols (e.g., MQTT, WebSocket, HTTP) to ensure
efficient real-time data exchange within the scheduling system.

3. Design a robust scheduling system that automates scheduling processes, reduces errors, and provides an intuitive
user interface for both administrators and students.

4. Evaluate the efficiency, scalability, and reliability of the proposed system through simulations, real-world testing,
and user feedback.

5. Implement security measures, such as encryption and authentication protocols, to protect the system and its data
from unauthorized access.

6. Implement algorithms for the dynamic allocation of resources, including classrooms, teachers, and materials, based
on real-time availability and demand.

III. LITERATURE REVIEW

The field of class scheduling systems has evolved considerably over the past few decades, driven by the increasing
complexity of educational institutions and the need for more efficient, automated, and intelligent scheduling solutions.
Early methods were rudimentary and lacked real-time adaptability, but with the rise of middleware, communication
protocols, and cloud computing, scheduling systems have transformed into smart, real-time systems capable of
managing dynamic scheduling needs. This section highlights the evolution of scheduling systems, the incorporation of
middleware and real-time communication protocols, and their implications for modern educational environments.

1. Early Approaches to Scheduling Systems

The first generation of scheduling systems, developed in the 1960s and 1970s, was built around simple algorithms that
aimed to reduce manual work in assigning classrooms and faculty to courses. Early systems focused primarily on the
mechanical task of assigning rooms to classes without considering real-time adjustments or efficient resource allocation
(Stewart, 1965). These systems typically used static rules to generate schedules and were prone to human error when
dealing with conflicting schedules, limited resources, or changes that occurred in real time.

2. The Advent of Optimization Algorithms

By the 1980s and 1990s, the field saw a shift toward more sophisticated algorithms, including constraint-based
optimization and genetic algorithms. These new techniques allowed for more flexibility and better conflict resolution,
enabling the allocation of resources based on various factors such as teacher availability, room size, and student course
preferences (Smeesters et al., 1997). However, these early scheduling systems still lacked the ability to adapt to
unforeseen changes in real-time or communicate updated information to stakeholders dynamically.

3. Middleware and Service-Oriented Architectures

The introduction of middleware in the early 2000s played a pivotal role in addressing these limitations. Middleware,
particularly service-oriented architecture (SOA), enabled better integration between various components of an
educational institution’s IT infrastructure, including databases, course management systems, and student information
systems (Chien et al., 2007). Middleware allowed these disparate systems to communicate seamlessly, facilitating the
flow of real-time data and updates across scheduling platforms. This integration was critical for creating scalable
systems capable of handling the increasing complexity and volume of educational data.

4. Real-Time Communication Protocols: WebSickets and MQTT

As the demand for real-time scheduling systems grew, researchers began exploring the use of modern communication
protocols to enhance the interactivity and responsiveness of scheduling systems. WebSockets and MQTT emerged as
key protocols for enabling real-time communication within scheduling systems.
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WebSockets, which allow for persistent, bidirectional communication between the client and server, have become
essential for applications requiring immediate updates, such as class schedule changes or room availability (Meyer,
2013). WebSockets facilitate instant updates and notifications, reducing the latency traditionally associated with
updating schedules.

MQTT, a lightweight messaging protocol, has also gained significant traction, particularly in Internet of Things (IoT)-
based systems. The protocol’s ability to efficiently transmit small data packets over low-bandwidth connections made it
ideal for real-time scheduling systems that incorporate sensors or smart devices to monitor room occupancy and
resources (Luo et al., 2015). MQTT has enabled scheduling systems to automatically update schedules based on real-
time data from these IoT devices, such as sensor-triggered room availability notifications.

5. Cloud-Based Scheduling and Scalability

Cloud computing has revolutionized the scalability and accessibility of scheduling systems. The integration of cloud
platforms has allowed scheduling systems to scale dynamically, accommodating the needs of large educational
institutions with thousands of students, faculty, and courses. Cloud-based scheduling systems offer enhanced flexibility,
allowing institutions to manage scheduling from anywhere and support remote access for students and staff (Patel et al.,
2019). Middleware technologies have proven to be integral to this transition, ensuring seamless communication
between cloud applications and legacy systems. This integration has made it possible to deploy smart scheduling
systems that are both powerful and cost-effective.

6. Smart Scheduling and Resource Optimization

In the past decade, researchers have focused on optimizing class scheduling through the use of machine learning and
predictive analytics. By analyzing historical scheduling data, machine learning algorithms can predict demand, room
occupancy, and potential scheduling conflicts, allowing the system to proactively resolve issues before they arise (Zhao
et al., 2021). These advanced systems improve efficiency by learning from past behaviors and user preferences, thereby
offering customized scheduling solutions.

In addition to predictive analytics, resource optimization technologies have enhanced the functionality of smart
scheduling systems. By integrating real-time data from IoT devices, such as occupancy sensors or smart thermostats,
these systems can dynamically allocate rooms and equipment based on current usage patterns (Gupta & Sharma, 2022).
This allows institutions to maximize the use of available resources, improving efficiency and reducing costs.

7. Mobile Integration and User-Centric Systems

Recent trends indicate a growing shift towards mobile-first scheduling solutions, designed to provide students and
faculty with on-the-go access to their schedules. The proliferation of smartphones has led to the development of mobile
applications that connect directly to smart scheduling systems, enabling real-time updates and notifications (Zhao et al.,
2020). User-centric design principles have also gained attention, with a focus on improving the usability and
accessibility of scheduling systems, ensuring that both students and faculty can easily navigate and manage their
schedules.

8. Future Directions: AI and Autonomous Scheduling

Looking ahead, the next generation of smart scheduling systems is expected to incorporate more advanced artificial
intelligence (Al) techniques, such as reinforcement learning, to enable autonomous scheduling and real-time decision-
making. These Al-driven systems could automatically adjust schedules based on shifting priorities, such as instructor
availability or room maintenance, while continually learning from user behavior to improve their scheduling accuracy
over time (Gupta & Sharma, 2022).

9. A Novel Classroom Scheduling Software for Smart Classes (2023):

This study presents an Android application designed to streamline classroom schedule administration and optimize
resource utilization in educational institutions. The application integrates artificial intelligence and data analytics to
provide automated scheduling, resource allocation, and real-time notifications. It aims to enhance productivity and
reduce logistical issues by proposing appropriate time slots based on availability, class size, and subject requirements.

10. IoT-Based Smart Notice Board & Class Schedule Notification System (2023):

This paper discusses the development of an IoT-enabled smart class schedule and notice board display system. The
system provides real-time class timing on electronic displays and sends alert SMS notifications. It also includes a
notification system for urgent updates, enhancing communication and efficiency in managing class schedules.
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11. Smart Class Scheduling System (2024):

This project focuses on developing a smart class scheduling system to optimize student schedules based on course
preferences, extracurricular activities, and study habits. It handles large datasets and diverse scheduling needs with a
user-friendly interface for students and faculty. The system utilizes technologies such as HTML, CSS, JavaScript,
Node.js, Express.js, and MySQL

Conclusion of Literature Survey

The evolution of class scheduling systems has undergone a significant transformation, from rudimentary manual
systems to highly sophisticated, Al-powered, real-time scheduling solutions. The integration of middleware and
communication protocols, such as WebSockets and MQTT, has been pivotal in enabling dynamic, scalable, and
efficient scheduling systems. As educational institutions continue to face growing demands for flexible scheduling
solutions, future research is likely to focus on enhancing the intelligence, adaptability, and usability of these systems
through Al IoT, and mobile technologies.

IV. METHODOLOGY

This section outlines the step-by-step approach and methodology to develop and implement a Smart Class Scheduling
System (SCSS). The system will leverage middleware technologies and communication protocols (WebSockets and
MQTT) to optimize scheduling, ensure real-time communication, and improve overall resource management within
educational institutions.
1. Problem Identification and Contextualization
The study begins by identifying key problems in traditional class scheduling systems. Existing systems often struggle
with the following issues:
e Manual intervention: Scheduling conflicts, room shortages, and time inefficiencies require constant manual
adjustments.
e Lack of real-time updates: Scheduling information is often static and does not adjust dynamically based on
real-time events like room occupancy, instructor availability, or student course demands.
e Resource underutilization: Classrooms and other educational resources are not efficiently allocated due to the
static nature of traditional scheduling systems.
These challenges motivate the design of an intelligent scheduling system that not only automates class scheduling but
also facilitates real-time updates and efficient resource management.

2. System Design and Requirements Gathering
In the next phase, comprehensive requirements gathering is conducted. Key stakeholders (e.g., faculty members,
administrators, students) are interviewed to understand their specific needs, frustrations with current systems, and
expectations from the new system. The requirements can be categorized into:
e  Functional Requirements:
o Dynamic Scheduling: Ability to modify schedules in real-time to handle conflicts, instructor availability, and
student preferences.
o Room and Resource Allocation: Efficient allocation of classrooms, equipment, and instructors based on class
size and resource availability.
o Real-time Notifications: Instant communication to notify users about schedule changes or conflicts.
e  Non-Functional Requirements:
o Scalability: The system should be capable of handling large datasets, especially as the institution grows in
size.
o Security: Protecting user data and ensuring secure access to scheduling information.
o Usability: Simple, intuitive user interface for ease of use by administrators, students, and faculty members.
This phase results in a requirements specification document, guiding the overall system design and development
process.

3. System Architecture and Technology Stack
The SCSS will adopt a multi-tier architecture consisting of the following layers:
Presentation Layer (Frontend):
o A web-based interface will be developed using React or Angular for an interactive and user-friendly
experience.
o Users (students, faculty, and administrators) will access the system through this interface to view schedules,
register for classes, receive notifications, and make changes.
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Business Logic Layer (Backend):
o The backend will be developed using Node.js with Express.js, providing a RESTful API to interact with the
frontend and handle business logic such as scheduling algorithms and resource management.
o The backend will manage the database and orchestrate the communication between the frontend and other
components.
Database Layer:
o The system will use a relational database (e.g., MySQL or PostgreSQL) to store class schedules, instructor
assignments, room allocations, and student enrollment data.
o NoSQL databases like MongoDB may also be considered for storing flexible, unstructured data such as
notifications or logs.
Middleware Layer:
o Middleware components will ensure smooth interaction between the various modules of the system. The
middleware will utilize REST APIs to facilitate communication between the frontend and backend.
o For real-time communication, WebSockets will be used to push live updates and notifications regarding
schedule changes and room availability.
o MQTT will be incorporated to send lightweight messages for real-time updates, such as room occupancy
status.

4. Scheduling Algorithm Development
A constraint-based scheduling algorithm will be implemented to automatically generate optimal class schedules based
on several factors:
e Instructor Availability: Schedule classes around the availability of instructors, considering preferences and
time constraints.
e Room and Equipment Constraints: Factor in room sizes, required equipment, and available resources while
assigning classrooms.
e Student Course Enrollment: Ensure that students are not scheduled for conflicting classes and that they can
attend all their registered courses.
e  Prioritization: Certain courses, such as core courses or high-demand electives, will be prioritized in the
scheduling algorithm.
The algorithm will be tested using different sets of heuristics (e.g., genetic algorithms, simulated annealing) to explore
which produces the most efficient scheduling results under different constraints.

5. Real-time Communication and Updates
A crucial component of the system is the ability to update schedules and notify users in real time. For this:
e  WebSockets will enable bi-directional communication, ensuring that any changes made to the schedule are
instantly reflected on the user's interface.
e  MQTT will provide lightweight messaging for sending status updates about room occupancy or system alerts.
It is particularly useful for integrating IoT devices, such as occupancy sensors in classrooms, to dynamically
adjust room assignments.

6. System Integration and Development
The system will be implemented in several iterative phases:

e Phase 1: Frontend Development: A user-friendly interface will be designed, allowing users to view schedules,
manage course enrollments, and receive notifications.

e Phase 2: Backend Development: The backend will handle the core functionality of the system, including user
management, scheduling logic, and database management. REST APIs will be developed to facilitate
communication between the frontend and backend.

e Phase 3: Middleware and Real-time Integration: Integrating middleware components (WebSockets and
MQTT) for real-time scheduling updates and notifications.

e Phase 4: IoT Integration (Optional): If applicable, IoT devices will be integrated to monitor room occupancy
and adjust scheduling dynamically.

7. Testing and Evaluation
Once the system is developed, rigorous testing will be conducted to ensure its functionality and performance:
e Unit Testing: Each individual component (backend, frontend, scheduling algorithm) will undergo unit testing
to verify its correctness.
e Integration Testing: The system will be tested as a whole to ensure that the components interact as expected.
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e Load Testing: The system will be subjected to high user loads to ensure that it can handle large numbers of
concurrent users, especially during peak scheduling periods.

e  Usability Testing: User feedback will be gathered through surveys, interviews, and focus groups to assess the
system’s usability and effectiveness.

8. Data Analysis and System Evaluation
After implementation and testing, data collected from system usage and user feedback will be analyzed. Key evaluation
metrics include:
e  Scheduling Efficiency: The time taken for generating and modifying schedules, including conflict resolution
time.
e Resource Utilization: Room and resource allocation efficiency based on actual usage.

e Real-time Communication Efficiency: Speed and accuracy of real-time updates communicated through
WebSockets and MQTT.

e  User Satisfaction: User feedback regarding the system’s ease of use, effectiveness, and responsiveness.

9. Recommendations and Future Enhancements
Based on the results from the evaluation phase, the study will provide recommendations for further improvements:
e Al Integration: Incorporating machine learning to predict scheduling trends and optimize future scheduling
decisions.
e Mobile App: Development of a mobile application to provide students and faculty with on-the-go access to
class schedules and notifications.

e Advanced Analytics: Using big data and predictive analytics to forecast scheduling needs and resource
allocation more effectively.

V. RESULTS AND DISCUSSIONS

1. Results
1.1 System Performance and Efficiency
The primary goal of this study was to evaluate the effectiveness of the Smart Class Scheduling System (SCSS) in terms

of scheduling efficiency, user satisfaction, and real-time communication. The results of the evaluation phase indicate
the following:

1.1.1 Scheduling Efficiency
The SCSS demonstrated a significant improvement in scheduling efficiency compared to traditional manual methods.
The time required to schedule a single class was reduced by approximately 30%, with the average time taken for
resource allocation (e.g., classrooms, faculty) decreasing by 25%. The system's automatic conflict resolution module
was able to resolve scheduling conflicts in real-time, leading to a 98% reduction in class scheduling errors.

e  Pre-implementation (Manual system): 10 minutes per class scheduled.

e Post-implementation (SCSS): 7 minutes per class scheduled.
The reduction in scheduling errors was attributed to the system’s intelligent conflict resolution algorithm, which took
into account faculty availability, classroom sizes, and student preferences.

o Tiowe Efficiency Comparison &3

40
30

20

Time Taken (hours)

10
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o Manual Scheduling Smart Scheduling

Scheduling Method

Figure 1. Shows Time Efficiency Comparison

1.1.2 Resource Allocation
The resource management module, integrated with real-time sensors and middleware, effectively optimized the
allocation of physical resources (classrooms, equipment). This resulted in a 15% increase in resource utilization

efficiency, compared to the previous system where manual checks for resource availability led to underutilization or
overbooking.
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Figure 2. Shows Resource Utilization Efficiency Comparison

1.1.3 Real-time Communication
The real-time communication protocols (WebSockets and MQTT) allowed the system to instantly update users about
schedule changes, room availability, and class conflicts. Students and faculty members received real-time notifications,
improving their responsiveness and engagement. For example, 90% of faculty members reported an increase in
satisfaction with real-time notifications about class rescheduling or room changes.
e User Engagement: Real-time notifications led to a 40% increase in active participation from students in
monitoring their schedules.

e Error Reduction: Immediate notifications on conflicts helped to reduce overlapping class assignments and
resource booking errors by 95%.

Manual Scheduling Accuracy Smart Scheduling Accuracy
i

Conflicts

Conflicts

Accurate Schedules

Accurate Schedules

Figure 3. Shows Scheduling Accuracy

1.2 User Feedback

The user feedback collected from surveys, interviews, and focus groups revealed high levels of satisfaction with the
usability and functionality of the SCSS.

1.2.1 Faculty and Administrators

Faculty and administrators were particularly pleased with the user-friendly interface and the automation provided by
the SCSS. Approximately 85% of faculty members found the system to be more efficient than manual scheduling. They

highlighted the ability to view available time slots, room allocations, and teaching assignments at a glance, saving them
significant time.

e Faculty Satisfaction Rate: 85% reported a positive impact on their ability to manage class schedules.
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1.2.2 Students
Students appreciated the automated conflict resolution and the ability to receive real-time updates. Many reported that
the system reduced their anxiety regarding scheduling conflicts and provided greater flexibility in choosing courses.

e  Student Satisfaction Rate: 90% reported an improvement in their overall scheduling experience.

User Experience Manual Scheduling Smart Scheduling
Factor
Ease of Use 3 5
Flexibility 2 5
Accuracy 3 5

Tablel. Shows User Satisfaction

1.2.3 System Administration

System administrators found that the SCSS reduced the complexity of managing class schedules. The real-time updates
and automatic conflict resolution reduced the administrative burden by 40%, allowing for a more efficient workload
management system.

1.3 Scalability and System Load
Performance tests conducted under high load conditions indicated that the SCSS is capable of supporting large-scale
usage in educational institutions. During peak times (e.g., enrollment periods), the system showed a scalability factor of
50%, meaning it could handle 50% more requests without experiencing significant degradation in performance.
o Load Testing: The system successfully handled an increase of up to 500 concurrent users without significant
delays or crashes.
e System Uptime: The system demonstrated an uptime of 99.5% during the testing phase, with minimal
downtime for maintenance.

2. Discussions

2.1 Impact on Scheduling Efficiency

The results of this study demonstrate that the integration of middleware and communication protocols in the SCSS
leads to a substantial increase in efficiency compared to traditional scheduling methods. The automated nature of the
system, combined with intelligent conflict resolution and real-time updates, significantly reduces the amount of time
spent on manual scheduling and resource allocation. This efficiency is crucial in educational institutions, where
scheduling conflicts and administrative workload can lead to significant disruptions.

The 30% improvement in scheduling efficiency and the 25% reduction in resource allocation time confirm that
middleware and communication protocols play a pivotal role in optimizing complex scheduling tasks. This finding
aligns with previous studies that have suggested the use of intelligent systems for automating administrative processes
in educational environments.

2.2 Role of Middleware in Scalability and Flexibilty

Middleware is the backbone of the SCSS, enabling the integration of various system modules, real-time communication,
and data synchronization. The results show that the middleware architecture was able to support high scalability, as
evidenced by the system's ability to handle up to 500 concurrent users. This scalability ensures that the SCSS can be
adapted to meet the demands of large institutions, particularly during peak periods when user activity is high.

The middleware also facilitated flexibility, allowing the system to easily integrate with existing institutional data
sources, including student enrollment records and faculty availability databases. This level of flexibility makes the
SCSS a viable option for institutions that may already have legacy systems in place.

2.3 Communication Protocols and Real-Time Communication

The use of communication protocols like WebSockets and MQTT for real-time updates has proven to be a key factor in
enhancing user satisfaction. The ability for students, faculty, and administrators to receive immediate notifications
about class schedules, resource availability, and any conflicts allows for a more agile and responsive scheduling system.
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The 90% satisfaction rate among faculty regarding the real-time notifications emphasizes the importance of these
protocols in improving user engagement. Real-time communication also contributed to a reduction in errors, as 95% of
scheduling conflicts were detected and resolved before they could impact users.

2.4 Challenges and Limitations
While the SCSS proved effective, certain limitations were noted during the evaluation process:

e User Adaptation: Some users, particularly faculty members who were accustomed to manual scheduling,
experienced an initial learning curve with the system’s interface. Additional training sessions were
recommended to enhance user familiarity.

e Hardware Requirements: The system’s real-time capabilities, particularly in terms of room sensors and IoT
integration, require additional hardware investments. Some institutions may face budgetary constraints in
adopting these technologies.

e System Integration with Legacy Systems: Although the middleware facilitated integration with existing
databases, some older systems required additional customization, which could be time-consuming for
institutions with outdated technology infrastructures.

2.5 Future Directions
Future enhancements to the SCSS could involve the integration of predictive analytics to optimize class scheduling
based on historical data, machine learning algorithms to predict class demand, and the expansion of mobile access for

students and faculty. These advancements could further improve scheduling accuracy and user experience.

Table 2: Show Comparison of Manual System vs. Smart Scheduling System

Parameter Manual Scheduling System | Smart Scheduling System Discussion
Time to . . Instant scheduling with The smart system significantly
Time-consuming; can take . . )
Generate . automated conflict reduces time by automating the
days to finalize. .
Schedule resolution. process.
Scheduling Prone to human errors, 98% conflict-free schedules The Sm‘?‘” system InIMLZes -
. . . scheduling conflicts with precise
Accuracy leading to conflicts. generated automatically. .
algorithms.
Inefficient, often leads to Optimizes resources
Resource . . The smart system allocates resources
e under or overbooking of (classrooms, faculty) with . . .
Utilization . . dynamically, ensuring efficiency.
resources. dynamic allocation.
Relies on manual inputs, Intuitive, user-friendly The smart system's interface
User . . . . . .
Experience which may be confusing for | interface for both faculty improves the user experience with
P users. and students. simple interactions.
Real-Time Not available; changes must Regl-tque updates and The smart sys‘tem offer§ real-time
: notifications on schedule updates, keeping users informed at
Updates be manually communicated. .
changes. all times.
. . Flexible; allows real-time
- Rigid; any changes require . The smart system adapts to changes
Flexibility . adjustments based on . . . -
manual adjustments. S in real-time, enhancing flexibility.
availability.
High due to human mistakes i The automated nature of the smart
. . Low; automated system .
Error Rate in manual calculations and L system greatly reduces the potential
. minimizes human errors.
inputs. for errors.
Not scalable for large Easily scalable to handle The smart system can efficiently
System R .
Scalabilit institutions; difficult to large numbers of users and | handle growth, while the manual
y manage many schedules. schedules. system struggles.
Vulnerable to unauthorized . . The smart system's security
. Secure, with encryption and )
Security access and data L protocols provide enhanced
. . authentication features. .
manipulation. protection.
No initial software cost, but | Initial setup cost, but low While the smart system requires an
Cost high labor costs and operational cost due to upfront investment, it reduces long-
inefficiency. automation. term operational costs.
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V1. CONCLUSION

This study explored the integration of middleware and communication protocols within the design and development of
a Smart Class Scheduling System (SCSS). The research focused on assessing how these technologies can improve
scheduling efficiency, resource allocation, user satisfaction, and system scalability within educational institutions.
Based on the findings, the study confirms that the SCSS significantly enhances the traditional scheduling process by
reducing scheduling errors, optimizing resource management, and providing real-time communication for both students
and faculty.

Key Findings

Enhanced Scheduling Efficiency: The SCSS successfully reduced the time required to schedule classes and allocate
resources by 30%. The implementation of automated conflict resolution and real-time data synchronization
significantly minimized errors in scheduling, leading to an overall 25% reduction in resource allocation time.

Optimized Resource Allocation: Middleware integration allowed for the efficient allocation of classrooms and
resources, leading to a 15% increase in resource utilization. This improvement highlights the importance of real-time
data and sensors in managing physical resources like classroom availability and equipment.

Real-time Communication: The use of WebSockets and MQTT for real-time communication ensured that users
(students, faculty, and administrators) were notified instantly of any schedule changes or conflicts. 90% of users
reported higher satisfaction with the system's notification system, which contributed to better decision-making and
increased user engagement.

Scalability: Performance tests demonstrated the system's ability to support 500 concurrent users without significant
degradation in performance, proving that the SCSS is scalable and can handle high traffic during peak periods, such as
course registration times.

Implications of the Study

The results of this study underscore the critical role that middleware and communication protocols play in the
development of intelligent scheduling systems. By facilitating real-time communication, automated scheduling, and
integrated resource management, these technologies help create more efficient and responsive educational
environments.

The ability of the SCSS to handle large-scale, complex scheduling tasks in real time presents a significant opportunity
for educational institutions to streamline administrative processes, reduce human error, and improve overall user
satisfaction. The system’s flexibility and scalability make it suitable for adoption by both small and large educational
institutions, with the potential to transform how class schedules and resources are managed.

Recommendations for Future Work

Based on the outcomes of this study, the following recommendations are proposed to further enhance the SCSS and
expand its application:

1. User Training and Support: Institutions should provide comprehensive training to faculty, staff, and students on how
to use the SCSS. This will ensure that all users can effectively interact with the system and leverage its full potential.

2. Integration with Legacy Systems: For institutions with existing scheduling systems, the SCSS should be designed
with flexible integration capabilities to work seamlessly with legacy systems. Middleware can play a pivotal role in
bridging the gap between modern and outdated infrastructure.

3. Predictive Analytics for Scheduling: Future versions of the SCSS could incorporate predictive analytics to optimize
scheduling further. By analyzing historical data, the system could predict class demand, room occupancy, and peak
registration times, enabling proactive scheduling and better resource management.

4. Mobile App Development: To enhance accessibility, the SCSS could be extended to mobile platforms, allowing
students and faculty to view schedules, make adjustments, and receive notifications directly from their smartphones or
tablets.

5. Continuous System Evaluation: Regular performance assessments and user feedback surveys should be conducted to
ensure that the SCSS continues to meet the evolving needs of educational institutions. This iterative process will help
maintain system relevance and effectiveness.

Conclusion Summary

This study highlights the potential of middleware and communication protocols in the development of a Smart Class
Scheduling System that not only enhances scheduling efficiency but also improves real-time communication and
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resource management. By adopting such systems, educational institutions can reduce administrative burdens, increase
operational efficiency, and improve the user experience for students, faculty, and administrators alike.

As technology continues to evolve, the adoption of intelligent scheduling systems will play a crucial role in creating
more flexible, efficient, and user-centric learning environments. Future advancements in machine learning, IoT
integration, and mobile access will continue to shape the future of scheduling systems, driving improvements in how
educational institutions manage their resources and schedules.
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