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Abstract— In institutions with a high student population,
manually creating schedules takes a lot of effort and frequently
leads to scheduling issues, where teachers teach multiple classes at
once or where classes compete with one another over timing or
space. Numerous limitations and problems with the technology
arise from this manual procedure. The organization's inability to
meet demands in a timely manner and the possibility of inaccurate
results are mostly attributable to frequent human errors that are
challenging to avoid in such procedures. Our suggestion is to
create an automated mechanism in order to address these
problems. The Automatic Timetable Generator system would
receive a variety of inputs, including information on the faculty,
students, and subjects, and use this information to create a
workable schedule that makes the most use of all available
resources and best fits the given constraints or college policies. An
automated system called the Adaptive Timetable Generator creates
timetables based on user-provided data. Gathering information on
the branch, semester, subjects, laboratories, and total number of
periods is one of the application's primary needs. Students must
select their electives from a list of subjects that may contain both
core and elective courses. After that, the application creates the
schedule based on the parameters.
constraints,
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|. INTRODUCTION

Colleges with big enrolment numbers find that manually
creating timetables takes a lot of time, which frequently leads
to issues like scheduling conflicts or duplicate hotel
reservations. Generating a timetable based on user input is the
primary objective of an adaptive timetable generator system.
Our recommendation is to build a computerized system that
can generate timetables automatically in order to reduce these
scheduling issues. Since they aid in preserving order on
campus, timetables are a crucial component of college
administration systems. Timetabling encompasses all tasks
associated with creating a schedule under different
limitations. An adaptive automatic timetable generator aims
to eliminate errors, save time and effort, and provide a
paperless system. Creating an intuitive user interface that
facilitates seamless integration is a crucial component.

I1. OBJECTIVE

The main objective of the automatic timetable generator
system is to create a schedule from user input. The goals of
an automatic timetable generator are to reduce errors, save
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time and effort, and promote a paperless environment.
designing a user interface that is easy to use and promotes
seamless integration. A timetable generation system's goal is
to effectively distribute staff, space, and other resources to
different tasks inside a company or institution. The goal of
this system is to generate schedules that maximize usage
while taking into account the requirements and preferences
of all parties.

I1l. LITERATURE SURVEY

This groundbreaking work offers a thorough analysis of
automated timetabling systems, covering a range of issue
representations, approaches to solving them, and practical
applications. It classifies scheduling issues according to
many limitations and goals, including instructor preferences,
resource distribution, and room assignment. Numerous
approaches to problem solving are examined in this work,
such as mathematical optimization techniques, evolutionary
algorithms, and constraint programming. It also covers
difficulties in handling uncertainty, scaling, and integrating
stakeholder preferences into the scheduling process [1]. This
paper provides a thorough examination of automated
timetabling methods, with a particular emphasis on
evolutionary, graph coloring, and constraint-based
algorithms. It looks at each method's advantages and
disadvantages and shows how each might be used to solve
various timetabling issues. The integration of machine
learning and optimization approaches with timetabling
systems is also covered in the article, with a focus on the
necessity of intelligent and flexible scheduling solutions. It
also covers useful issues like data representation, evaluating
the quality of a solution, and designing the user interface of
timetabling software.]2] An overview of current
developments in software tools and timetabling algorithms is
given in this review paper. It talks about new developments
like hybrid metaheuristic approaches, which integrate several
optimization methods to increase the effectiveness and
quality of solutions. The integration of artificial intelligence
methods, such as constraint satisfaction and machine
learning, with scheduling systems is also explored in this
work. It also emphasizes the value of standardization and
benchmarking in assessing the effectiveness of timetabling
algorithms and promotes cooperation between academics
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and industry professionals in the creation of creative
scheduling solutions [3]. This survey, which focuses
exclusively on university timetabling, finds common goals
and limitations in academic scheduling issues. It looks at
things like room assignment, class scheduling, and teacher
preferences, highlighting the university scheduling is more
complicated than other scheduling domains. The article
explores the applicability of several solution approaches,
such as mathematical programming, metaheuristic
optimization, and constraint-based reasoning, to various
facets of university timetabling. It also tackles real-world
issues including managing massive datasets, allowing for
last-minute modifications, and meeting the demands of
various stakeholders in terms of university scheduling [4].
The application of hybrid metaheuristic algorithms to
university course scheduling issues is the main topic of this
survey. It goes over many hybridization methods, such
combining local search and genetic algorithms, tabu search
and simulated annealing, and constraint propagation and ant
colony optimization. In order to increase solution quality and
convergence speed, the study addresses the benefits of hybrid
techniques in balancing exploration and exploitation during
the search process. It also emphasizes how hybrid
metaheuristics, such self-adaptation and  adaptable
algorithms, have recently advanced and how well they may
be able to handle challenging university scheduling problems
[5] This survey investigates the shift in scheduling
optimization constraints from hard to soft constraints, with a
focus on the school scheduling problem. It talks about how
stakeholders can express flexible scheduling preferences and
priorities by switching from conventional constraint-based
approaches to preference-based optimization strategies. The
article examines techniques like preference aggregation,
constraint relaxation, and penalty functions that can be used
to introduce soft constraints into the timetabling process.
Additionally, it looks at how soft constraints affect user
happiness, computational complexity, and solution quality in
educational scheduling software [6]. This survey aims to
simultaneously optimize conflicting objectives, such as
minimizing student conflicts, room usage, and faculty
burden, by the application of multi-objective optimization
approaches to university timetabling problems. It explores
the advantages and disadvantages of several multi-objective
evolutionary algorithms, such as differential evolution,
genetic algorithms, and particle swarm optimization, in
managing multiple objectives. In addition, methods for
assessing and contrasting Pareto-optimal solutions are
examined, taking into account variables including dominance
connections, variety, and convergence. It also examines
multi-objective evolutionary algorithms' practical uses in
university  scheduling, showcasing achievements and
outlining potential future research areas[7]. This study
addresses nurse rostering issues, which are comparable to
academic timetabling issues in that they involve shift
scheduling and resource allocation. However, it is not
directly related to academic timetabling. It examines several
optimization methods, such as integer programming,
constraint programming, and metaheuristic algorithms, that
are used in nurse rostering. The study explores the unique
goals and limitations associated with nurse rostering issues,
including staffing needs, skill mix restrictions, and employee
preferences. It also addresses the difficulties in creating
efficient scheduling programs for healthcare institutions. It
also looks at potential avenues for future study in nurse

rostering optimization, including the use of dynamic
scheduling regulations, taking equity and fairness standards
into account, and dealing with scalability problems in big
healthcare systems [8]. The paper focuses on the application
of genetic algorithms and artificial neural networks for train
rescheduling in single-track railway systems. The authors
develop a two-stage approach, where the genetic algorithm is
used to generate an initial feasible timetable, and the artificial
neural network is then employed to optimize the timetable by
minimizing delays and improving robustness. The
integration of these two techniques enables the authors to
handle the complexity and dynamic nature of train
rescheduling problems, which are critical for maintaining
reliable timetables. The paper presents case studies and
computational experiments to demonstrate the effectiveness
of the proposed approach in generating efficient and robust
timetables for single-track railways. The insights gained
from this work can be valuable for railway operators seeking
to enhance the resilience and performance of their timetables
using advanced optimization and machine learning
techniques [9]. For many problems of practical scale,
however, efficient search for optimum or near-optimal
solutions remains a difficulty. In this research, we study
parallel metaheuristic-based algorithm and mixed-integer
programming formulations for tackling compactness and
balance criteria in high school timetabling issues. We provide
two pattern-based formulations along with a solution method
that builds and refines solutions by simultaneously utilizing
a group of metaheuristics and column generation. Our
formulations are competitive with the finest existing high
school timetabling formulations, according to extensive
computer studies done using real-world cases [15]. The
optimization of school scheduling is a well-known subject
that has been thoroughly researched because of its theoretical
and practical significance. It entails setting up a series of
teacher-class sessions within a given time frame in order to
fulfill various kinds of criteria. It is difficult to solve medium
and large cases of timetabling to optimality because of the
combinatorial character of -this -issue. It is frequently
challenging to come up with even a workable solution when
resources are limited. The literature has created a number of
strategies to address the issue of high school scheduling. The
most popular ways to solving complex real-world problems
are metaheuristics and hybrid metaheuristics, as accurate
methods, such as mathematical programming techniques, are
deemed unfeasible [10]

IV. CONSTRAINTS

In the domain of scheduling systems, the limitations,
guidelines, or requirements that must be adhered to during the
scheduling process are collectively referred to as constraints.
These constraints ensure that the generated schedule aligns
with  specific specifications and complies with the
organizational rules or preferences. The nature and humber of
constraints can vary depending on the type of scheduling
problem and the requirements of the institution or organization
involved.

Constraints play a crucial role in scheduling systems, as they
help maintain the integrity and feasibility of the generated
schedules. They serve as the guiding principles that must be
followed to produce schedules that are practical, efficient, and
meet the needs of the stakeholders. These constraints can be
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classified into different categories, such as hard constraints
and soft constraints, based on their level of importance and the
degree of flexibility in adhering to them [11].

Hard constraints are the fundamental restrictions that must be
strictly enforced, as any violation would render the schedule
invalid or infeasible. Soft constraints, on the other hand,
represent desirable preferences or guidelines that should be
considered during the scheduling process, but their violation
may not necessarily invalidate the schedule [10].

By incorporating these constraints into the scheduling
algorithms and optimization models, scheduling systems can
generate schedules that are tailored to the specific requirements
of the organization or institution, ensuring the effective and
efficient utilization of resources, such as personnel, facilities,
and equipment.

A. Hard Constraint

e No teacher shall be assigned to teach more than one
class concurrently. Each teacher must have a mutually
exclusive schedule.

e The capacity of each classroom must not be exceeded
by the number of students assigned to it for a particular
lecture.

e There shall be no overlapping lectures scheduled in the
same classroom at any given time.

e Each teacher's schedule should be limited to a
maximum of two or three lectures per day, without
exceeding this limit.

e Collapsing or merging of lectures is not permitted.

B. Soft Constraints
e  Adequate time intervals should be allocated between
lectures to allow for breaks and transition periods.
e Scheduling lectures around a preferred lunchtime
period should be considered to accommodate the
needs of students and faculty.

V. SYSTEM ARCHITECTURE

Home Page Login Insertion
Maodule

Department

Semester |

Subject |

| Teacher | Classroom

| Database | mmm—

Fetch data

Meeting
Time

| Labs/Practical |

Genetic Algorithm
Rules/Constraints

Time-Table | Print

Department
Specific

Fig. 1. System Design

VI. ALGORITHM
I Initiation
e The process begins with the initialization of the

System.

I1. User Authentication

e The system allows users to log in as either an
Administrator/Faculty Member or a Student/User.

o [fthe user isan Administrator/Faculty Member, the
process proceeds to the next step.

[11. Data Input

e The Administrator/Faculty Member inputs data
related to departments, teachers, semesters, time slots,
and subjects into the system.

IV. Data Storage

e The inputted data is then stored in the system's
database.

V. Data Retrieval

o The system fetches the relevant data from the database
for further processing.

V1. Optimization

e The system applies a genetic algorithm to the
retrieved data in order to generate an optimal
timetable solution.

VII. Solution Generation

The system waits for the genetic algorithm to converge
and produce an optimal timetable solution.

VIII. Timetable Generation

e The system generates the timetable for the specified
classrooms and departments based on the optimized
solution.

IX. Timetable Presentation

e The generated timetable can be viewed or printed by
the users.

X. Conclusion

e The process concludes with the successful generation
and presentation of the timetable.

VII. FLOWCHART
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Teacher, classroom,

time. l
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Fig. 2. Flow chart
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VIIIl. WORK FLOW
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Fig. 3. Work flow

VII.FUTURE SCOPE

The Adaptive Timetable Generator system presents several
avenues for future development and enhancement:

1.

Incorporation of machine learning algorithms: The
system can be further improved by integrating
advanced machine learning techniques, such as
predictive modelling and reinforcement learning, to
enhance the timetabling optimization process. These
techniques can help the system learn from past data
and adapt to changing requirements, improving the
overall efficiency and user experience.

Integration with other academic management
systems: The timetable system can be integrated with
other campus management systems, such as student
information systems, course registration, and resource
management, to create a comprehensive and
interconnected solution for academic administration
[12].

Consideration of dynamic constraints: The system
can be extended to handle more complex and dynamic
constraints, such as last-minute changes in faculty
availability, student preferences, and unexpected
events, to provide a more robust and adaptable
timetabling solution.

Examination and invigilation scheduling: The
system’s capabilities can be expanded to include exam
timetabling and invigilation scheduling, further
streamlining the examination management process
for academic institutions.

Performance analysis and optimization: Ongoing
research and development can focus on improving the
system's  performance, solution quality, and
scalability, ensuring that it can efficiently handle
large-scale timetabling problems in institutions with
growing student populations [16].

VIIl. RESULTS

Fig .5 Home page
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Fig .8 output
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VIIIl. CONCLUSION

The Adaptive Timetable Generator system presented in this
paper offers a comprehensive solution to the longstanding
challenge of timetable management in academic institutions
with large student populations. At the heart of this system lies
the automation of the timetabling process, which eliminates
the time-consuming and error-prone manual approach that
has plagued institutions for decades. By employing a genetic
algorithm-based optimization technique [13], the system is
able to generate high-quality timetables that efficiently utilize
available resources and minimize conflicts, while satisfying a
wide range of hard and soft constraints.

The intuitive user interface of the Adaptive Timetable
Generator system allows administrators, faculty, and students
to seamlessly interact with the timetabling process. Users can
easily input data, view the generated schedules, and make
necessary adjustments, ensuring a smooth and user-friendly
experience. The successful implementation of this system in
academic institutions can have far-reaching implications,
saving valuable time and resources, reducing manual errors,
and improving overall academic efficiency and student
satisfaction.

Beyond the immediate benefits, the Adaptive Timetable
Generator system presents opportunities for future
development and enhancement. Integrating advanced
machine learning algorithms and expanding the system's
functionality to include additional academic management
tasks, such as exam scheduling and invigilation management,
can further streamline the overall academic administration
process. By continuously innovating and adapting to the
evolving needs of academic institutions, the Adaptive
Timetable Generator system has the potential to transform the
way institutions manage their timetables, ultimately leading
to a more efficient and user-friendly academic environment.

IX. APPLICATION

The Adaptive Timetable Generator system developed in this
paper has a wide range of applications in academic institutions
of all sizes, from small colleges to large universities. The
system's versatility and scalability make it a valuable tool for
institutions seeking to optimize their timetabling processes and
improve overall academic administration.

One of the key applications of this system is in large
universities with diverse academic programs, multiple
campuses, and a vast student population. In such complex
environments, manually creating timetables is an arduous and
error-prone task, often leading to scheduling conflicts and
suboptimal resource utilization. The Adaptive Timetable
Generator system can seamlessly integrate with the existing IT
infrastructure of these institutions, providing a centralized
platform for managing and optimizing timetables [17].

The system's ability to handle a wide range of constraints,
including faculty preferences, course requirements, and room
availability, makes it particularly suitable for institutions with
diverse academic offerings. By considering these complex
factors and generating optimal timetables, the system can help
institutions maximize the utilization of their limited resources,
such as classrooms, laboratories, and faculty members [18].

Another application of the Adaptive Timetable Generator
system is in institutions with dynamic academic schedules,
where changes in course offerings, faculty availability, or
student enrolments are common [14]. The system's adaptive
nature, powered by its machine learning capabilities, allows it
to quickly respond to these changes and generate updated
timetables that minimize disruptions to the academic calendar.

Furthermore, the system's intuitive user interface enables
administrators, faculty, and students to easily interact with the
timetabling process. Administrators can efficiently manage the
inputted data, monitor the timetable generation, and make
necessary adjustments. Faculty members can express their
preferences and availability, ensuring a more balanced and
satisfactory schedule. Students, on the other hand, can access
the generated timetables, plan their course selections, and
manage their academic commitments more effectively.

Beyond timetable generation, the Adaptive Timetable
Generator system can also be integrated with other academic
management systems, such as student information systems,
course registration platforms, and resource management tools.

This integration can create a comprehensive and
interconnected  solution for academic administration,
streamlining various processes and enhancing overall

institutional efficiency.

In summary, the Adaptive Timetable Generator system has a
wide range of applications in academic institutions, from small
colleges to large universities. Its versatility, scalability, and
ability to handle complex constraints make it a valuable tool
for institutions seeking to optimize their timetabling processes,
improve resource utilization, and enhance the overall academic
experience for all stakeholders.
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