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ABSTRACT:

This paper work has focus on online based Timetable Generator which can be used in colleges and universities to make results quickly without taking a large
period of time. Timetable creation has for long been done manually which is not only time-consuming, but leads to scheduling conflicts and inefficiency. Thus,
our system provides an intelligent solution to automatically assign courses, faculty, and classrooms with a special focus on achieving a near-equal distribution of
faculty, classrooms, and courses in terms of their total weight, as well as minimizing clashes. App is written in react.js for a highly interactive and responsive
frontend and Node.js with Express.js to perform processing tasks in an efficient manner. At the heart of it, the system uses constraint based algorithms that treat
all allocated slots as satisfying institutional guidelines and faculty preferences. Users can either accept the suggested schedule automatically generated, or adjust
their schedule via drag-and-drop. One noteworthy aspect of this system is a real-time validation mechanism which immediately flags scheduling conflicts at the
time of a manual adjustment. Moreover, the platform offers timetable export in various formats, which allows for better sharing and manipulation by administrators
and faculty members. The use of existing processes in Automation for timetabling is outlined in addition to the technical framework of automation discussed.
Looking ahead, future enhancements could integrate Al-driven optimization and machine learning models to refine scheduling accuracy and adaptability even
further.

Keywords: Timetable scheduling, Automated scheduling, Constraint-based optimization, Real-time validation, Academic scheduling, Faculty workload
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Introduction

. Timetable generation is a time-consuming and intricate process that entails the balancing of various constraints such as instructor availability,
classroom allocation, and subject scheduling. The process of generating an effective timetable traditionally involves a lot of manual effort,
which makes it susceptible to inefficiencies and conflicts. This project proposes an automated timetable generator that will simplify the
scheduling process through web-based technologies. Designed with React.js on the frontend and Node.js on the backend, the system provides
a user-friendly interface through which users can enter scheduling parameters and dynamically create an optimized schedule. For efficiency,
the system utilizes smart scheduling algorithms that perform conflict resolution and optimization without compromising user experience.
Among its main features are:

. Automated Scheduling — Uses advanced algorithms to generate optimized timetables efficiently.

. Constraint Management — Accounts for hard constraints (e.g., preventing overlapping schedules) and soft constraints (e.g., preferred time
slots).

. User Input & Customization — Allows users to dynamically enter teacher names, subjects, and time slots.

. Interactive Interface — Built with React.js, ensuring an accessible and seamless user experience.

. Enhanced Efficiency — Reduces manual workload and minimizes scheduling conflicts.

By automating the scheduling process, this system ensures a structured, conflict-free, and resource-efficient timetable, significantly benefiting educational
institutions and organizations.

Literature Review

React is a popular JavaScript library for creating interactive user interfaces. Its virtual DOM and component-based structure enhance performance, which
is why it's a great choice for sophisticated apps such as timetable generators. Frontend Development of Web Apps. Contemporary web applications are
built upon libraries such as React for optimal Ul development. JSX, state handling, and reusable components make the frontend development process
more efficient with improved functionality and maintainability. A number of research studies have looked into automated timetabling solutions, using
Al-based and heuristic-based methods for optimizing schedules while reducing scheduling clashes. Timetable generation uses various algorithms such
as:

. Constraint Satisfaction — Ensures all scheduling conditions are met.

. Backtracking — Systematically explores possible schedules to resolve conflicts.
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. Genetic Algorithms — Uses evolutionary techniques to generate optimized timetables.
Each of these methods has its own specific strengths in both efficiency and resolving conflict.
The backend structure runs on Node.js with Express to support efficient processing of data, user authentication, and scheduling rules for smooth system
functionality. MongoDB is typically employed for storing scheduling information, instructor details, and constraints, where real-time management and
retrieval of data is maintained to ensure accuracy and consistency. Through the utilization of React and Node.js, the application ensures cross-platform
compatibility to facilitate smooth operation across multiple devices and operating systems.

Proposed Detailed Methodology

The Timetable Generator has a React.js frontend and a Node.js with Express.js backend, for an interactive, user-centric interface with efficient data
processing and scheduling logic. Automated Scheduling and Constraint Management. The system generates optimized timetables automatical ly based on
many factors, such as course schedules, faculty preferences, room scheduling, and institutional constraints. The system uses a constraint-solving algorithm
to avoid any scheduling conflict. For optimal allocation of time slots, the system takes inputs such as:

®  Subject lists

(] Instructor availability

®  Classroom capacity
With methods such as backtracking algorithms or graph-based scheduling methodologies, the system dynamically allocates time slots while ensuring
balance. For improved precision, real-time validation guarantees adherence to key constraints—such as balancing faculty workloads and avoiding course
clashes. Furthermore, administrators can manually refine schedules using an easy-to-use dashboard that incorporates a drag-and-drop feature for
convenient manual fine-tuning. The backend is optimized to process large datasets efficiently, making it scalable for institutions with large scheduling
needs. For high system reliability, performance testing such as stress testing and load balancing is performed. User feedback and real-time logging assist
in improving the scheduling logic, making the Timetable Generator more accurate, flexible, and user-friendly over time.

Modelling and analysis

This section outlines the conceptual model of the Timetable Generator and evaluates its efficiency across different scheduling scenarios. The system is
designed with a multi-layered architecture, consisting of:
o  Afrontend for user interaction, built with React.js
® A backend for timetable generation and optimization, developed using Node.js and Express.js
The backend processes scheduling constraints and generates optimized timetables, while the frontend offers an intuitive interface for users to manage and
modify schedules seamlessly. The scheduling process follows a structured workflow:
1. Input Collection — The system gathers key scheduling parameters, including:
O  Course details
O Instructor availability
O  Room capacities
O Institutional constraints

2. Processing & Optimization — The collected data is processed using constraint-based scheduling algorithms, such as:
O  Backtracking algorithms
O  Graph-based methods
O  These techniques ensure optimal time slot allocation while preventing scheduling conflicts.

3. Output & User Interaction — The generated timetable is displayed on the frontend, where users can:
O  Review the schedule
O  Exportitin various formats
O Manually adjust it if needed using an intuitive interface

This process can be described as a sequence of state changes, with each module finishing one task before passing information to the next phase. To
effectively process large data sets and growing scheduling complexity, the system utilizes an event-driven model. This process allows the system to
process multiple scheduling requests concurrently, maximizing performance and minimizing delays.
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Fig 1: Timetable Generator architecture
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Fig 2.1: Welcome Page

Timetable Configuration

Timetable Title

Abc
Teachers Divisions
6 3
Start Time Lecture (min) Break (min)
200IEM 2 ae
Note: Each teacher will teach only 1 subject in 1 division

Generate Timetable

Fig 2.2: Enter the timetable information
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Timetable Generator

Timetable Title: Number of Divisions:
Abc 3
Enter Teacher Names Enter Subject Names
asa AAA
bbb BB
cee cee
ddd oDD
eee EEE
fif (#ee |

Generate Timetable

Fig 2.3: Enter the teacher and their subject’s name

Division 1
Time Monday Tuesday Wednesday Thursday Friday Saturday
09:00 PM- ooD [0 EEE 888 EEE cee
10:00 PM dddt bbb wee bbb cen cce
10:00 PM- cce [ 0oD FEE FFF cee
11:00 PM cee bbb ddd tr 1 cce
11:00 PM- FFF EEE AAA L] EEE AAA
12:00 PM r cee ana bbb cce asa
Lunch & Break
(12:00 PM- LUNCH BREAK | LUNCH BREAK | LUNCH BREAK | LUNCH BREAK | LUNCH BREAK | LUNCH BREAK
13:00 PM)
13:00 PM- FFF cce AAA AAA 0OD [0
14:00 PM r cce ans ana ddd bbb
14:00 PM- cce EEE cee 0oD EEE cce
1500 PM cce cee cce ddd cee cee
15:00 PM- FFF 000 888 cee cce ooD
16:00 PM 1 ddd bbb cee cce ddd

Fig 2.4: generated timetable for division A

Division 2

Time Monday Tuesday Wednesday Thursday Friday Saturday
09:00 PM- Aaa 00D cce FEE ooo Aan
10:00 PM san ddd cec e dad .
10:00 PM- AAA €EE 888 oD E£E oD
11:00 PM saa cee bbb ddd eee ddd
11:00 PM- cce AAA cce cce Ana FFF
12:00 PM cec sss cee cee ssa o

Lunch & Break

(1200PM- | LUNCH BREAK | LUNCH BREAK | LUNCH BREAK | LUNCH BREAK | LUNCH BREAK | LUNCH BREAK
13:00 PM)

13:00 PM- cce Aaa cee 888 s8a FFE
14:00 PM aaa cec bbb bbb "
14:00 PM- Bee 00D Be8 cce 888 FFE
15:00 PM ddd bbb cee bbb [
15:00 PM- ses ses AAA AAA DD FFE
16:00 PM bbb bbb ans ass ddd o

Fig 2.5: generated timetable for division B
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Division 3

Time Monday Tuesday Wednesday Thursday Friday Saturday
09:00 PM- FFE EEe AAA cc AAA obD
10:00 PM e cce 208 cee aaa ddd
10:00 PM- Be8 ooD EEE cec AAA 888
11:00 PM bbb ddd coe cc asa bbb
11:00 PM- AAA 00D boD FFF s88 =3
12:00 PM aan ddd ddd 1 bbb cce

| Lunch & Break
(1200PM- | LUNCH BREAK | LUNCH BREAK | LUNCH BREAK | LUNCH BREAX | LUNCH BREAK | LUNCH BREAK
1300 PM)

13.00 PM AAA Baa asa £EE cce £Er
1400 PM aaa bbb bbb cee cce cce

14:00 P FFE cce FFF FEE AAA BeB
1500 PM e cc o coe asa bbb

15:00 PM- AAA £re EEE EEE B8 AAA
16:00 PM aaa cee cee coe bbb asa

Fig 2.6: generated timetable for division C

Through the integration of a modular design with specific performance assessments, the Timetable Generator illustrates how automated scheduling can
effectively optimize educational timetables with minimal conflicts. Not only does this framework for modelling and analysis identify potential areas for
optimization, but it also provides a blueprint for future development.

Conclusion

The Timetable Generator is a powerful and effective tool for computer-aided academic timetabling that natively combines efficiency, flexibility, and
user-friendliness. Leverage of contemporary technologies such as React.js, Node.js, and constraint-based optimization techniques ensures schedules are
conflict-free while presenting users with manual intervention capabilities for timetabling through a user-friendly interface. The modularity of the
architecture is such that it supports extensibility, making it possible for institutions to scale up to changing timetabling needs without loss of performance.
Stringent testing and ongoing feedback from users have been key in refining its precision and responsiveness. In general, the Timetable Generator is an
Al-prepped method of college scheduling, one that has applications for Al-suggested optimizations as well as workload balancing based on machine
learning, further enhancing efficiency and responsiveness across educational institutions.
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