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Abstract:

The Smart Timetable Generator is a system that automatically creates academic timetables by assigning
subjects, teachers, classrooms and time slots in a proper way. Making a timetable by hand is very difficult
and takes lot of time. It also creates many problems like the same teacher getting two classes at the same
time, room clashes and uneven workload for faculty members.

To solve these issues, this system uses a smart rule-based method with the help of Google-OR-tool CP-
SAT solver. The system will take all the data which is required through CSV files such as subject list,
teacher details, lab details or requirements, section details and room or labs availability. After taking the
all the data, the system follows fixed rules to avoid teacher and class clashes, assigning lectures or labs in
continuous manner such that there is no gap between two lectures or labs.

1. Introduction

The Smart Timetable EduChrono is a smart system that automatically generates timetable for schools and
colleges. Generally making a timetable manually takes lot of time and sometimes create problems like
clashes of faculty or lectures and uneven workload and also difficult to managing lab classes. To avoid such
type of issues, the EduChrono takes only teacher load and room or labs list through CSV files it will
generate error free and clash free timetable. It uses an Google OR-Tools CP-SAT to make a clean and clash-
free timetable.

The EduChrono system also provides a simple interface where we can easily upload files and see the
generated Master timetable, we can also see it as a class-wise and faculty-wise. It saves time, reduces
manual workload for creating timetable and helps in better use of teachers and classrooms or labs.
Compared to old manual method, the EduChrono is faster and give more accurate timetable. That’s why this
EduChrono is very simple and fast and useful solution for generating timetable.

1.1 Background

Making a college timetable is difficult to make manually which takes lot of time to generate it. There
are many lectures, subject, labs and rooms so. Mistakes can happen easily like room clash, faculty
clash, uneven gaps and workload. Also, if single change was needed then the whole timetable needs to
be re-generated.

The EduChrono Smart Timetable Generator solve all the problems and give output as a clean and
accurate timetable even it generates the timetable within the second. It works on fixed rules and
constraints.
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Figure 1: Efficiency comparison of Timetable Scheduling
Problem Statement

Generally, a manually making timetable is slow and may contain errors. It is difficult to manage the
workload of faculty, rooms or subject hours. Many it happens that faculty given two lectures at the
same time which create clash or uneven distribution.

Other methods like Al and genetic algorithm were tested, but they do not work with all the constraints
or rules. Also, these scheduling with methods like PSO required metaheuristic algorithm that do not
guarantee an optimal or fully conflict-free solution [2]. A genetic algorithm-based automated timetable
generator not handles all the constraints and may require high computational resources, complex
parameters[4]. So, we need Smart Timetable Generator which uses a strict-rule base method to generate
correct and clash-free timetables. We uses Google OR-Tools for the timetable generation which makes
an clash-free and which follows all the constraints[5].

Contributors

This project gives a simple automatic generated system which uses python. It takes teacher load which
includes faculty name and code, faculty workload, sections, department and subject name and code and
room list which includes capacity and assigned section or semester in the form of CSV files.

It follows all the constraints like two hours continuous lab and make sure that COE and PDP classes are
not on the same day. It provides a simple interface for login and view timetable based on their role.

II. Related Work

For this project, we studied many research papers on automatically generating timetables making to
understand how timetables were created using different methods. Earlier people used different methods like

Genetic Algorithm, but now we have more advanced tools like Google OR-Tools and CP-SAT solver which
are used for better and faster results. In PyJobshop research paper shows that constraints programming is

effective and good for scheduling problems our project work on the same idea but we don’t use PyJobshop
we focus on scheduling for college using OR-Tools CP-SAT solver [3]. From this study, we learned that

rule-based system gives more accurate and clash-free timetables.
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I11.

Literature Review

Scheduling a timetable is a complex problem and it becomes more difficult when multiple constraints are
added. Generation of manual timetable is time consuming and even may contain errors. Previous genetic
and Al scheduling methods also faced many problems such as not generating perfect timetable, struggling
with hard constraints and may be slow in generating timetable(scheduling) [1][2]. Moreover, existing
research methods do not guarantee that they always generate a conflict-free timetable. But in EduChrono
uses Google OR-Tools and CP-SAT solver to generate accurate and clast-free timetable which strictly
follows all the rules and constraints such as no gaps, continuous labs scheduling, no faculty have two
lectures at a same time. It offers a user-friendly interface with is suitable for- HODs, faculty and students.

Proposed Framework

The EduChrono Smart Timetable Generator which generates the accurate and clash-free timetable using
Google OR-Tools and CP-SAT solver. It takes the data in the form of CSV files and follow all the rules and
constraints and generates a class-free accurate timetable. It makes sure that classes will start from 9AM,
subject is evenly distributed, labs get full 2hours slots, faculty do not clash, and student do not get any free

gaps.
A. System Parts

e  User Interface: A simple interface where HODs, faculty and students were login and see their
timetables.
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e Backend System: This system using Python and Flask. It reads CSV file and generates a timetable.

e Solver: Google OR-Tools and CP-SAT solver checks all rules and given constraints and makes
best timetable

o Data Storage: All data like subject name or code, faculty, rooms, labs and sections is saved in
CSV files in MongoDB.

B. Input Data

1. Teacher Load file
Room and Lab file

These files contain:
e Subject name and weekly lectures and labs count.
e  Teacher and subject mapping.
e  Section details.
e Room and lab numbers and capacity.

C. Rules or Constraints follows

e No faculty takes two lectures at a same time

e No single class can have two lectures at a same time.

e Lab should be is of two hours

e Labs will be continuous manner with lectures.

e  Student should not get any free gaps in the timetable.

e COE and PDP will never be come on the same day.

e Labs and Tutorials will be split and follow batch-based rules.

D. Architecture
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Figure 2: Architecture of EduChrono
E. Optimization Layer
EduChrono uses Google OR-Tools and CP-SAT solver to assign properly:
e Subjects
e Faculty
e Rooms or Labs
o Time slots
F. Output and User Access
e System creates timetable for student and faculty.
e Timetables can be seen and downloadable.
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e  Teacher load can be shown in the form of pie chart.

e  Faculty Convener upload the CSV files and generates timetables.
e  Faculty see their scheduled lectures.

e Student see their class timetable.

IV. Implementation

EduChrono were tested using college sample data to check whether the system works properly or not. This
testing help to check the accuracy and speed of the system.

A. Technologies Used

Python: For coding.

React: For website design (Frontend)
Flask: For backend work.

Google OR-Tool: For proper scheduling
MongoDB: For data storage.

B. Data Collection and Input Format

Real-time college data was used for testing the system. The system used the following data:
e  Subject Details: Subject name and code, lecture or labs.
e Faculty Data: Faculty name and code.
e Room/Lab Data: Rooms and lab availability.
e  Section Details: Number of sections and their capacity.

C. Timetable Generation Process

EduChrono follows a rule-based scheduling approach
e No teacher gets two lectures at the same time.
e  Each section receives only single lecture of a particular subject.
e Lab sessions are assigned in continuous manner.
e Faculty workload is evenly distributed across the week.

D. Final Output

e  Generated a mater Timetable for the entire department.
e Section-wise timetable for individual classes.

e  Faculty-wise timetable for individual faculty.

e Student-wise timetables for each student.

E. System Performance Evaluation

EduChrono were tested using real-time college data and the system showed:
e  Accurate and conflict-free scheduling
e  Generate fast timetables even with large datasets.
e Same and correct result every time.

F. Prototype Development
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EduChrono were made as a web application.
e Frontend: For login and viewing timetable.
e Backend: Use flask for timetable generation.
e User Roles:
Admin: Upload CSV and generates timetable
HOD: Will see all the timetable and faculty workload graph in the form of piechart.
Faculty: View their weekly schedules.

o O O O

Student: View their section-wise timetable.
G. Key Features

e Automatic timetable was generated within few seconds only.

e  There is no clash in faculty and rooms assign.

e  There is proper allocation of rooms and labs.

e Easy to upload of data through CSV files.

e Section-wise, faculty-wise, and master timetable can be viewed.
e Simple and user-friendly interface.

H. Limitations of the Current System

e Any changes needs then we need to re-generate the timetable.
e Advanced Features like Al-based prediction features are not added yet.

V. Result and Discussion

The performance of the EduChrono Smart Timetable Generator was tested using sample academic data
created is CSV format. The development of EduChrono Smart Timetable Generator clearly shows that the
generation of automatic timetable reduce the manual work which takes lot of time to generate the timetable
but EduChrono generated the accurate timetable within the seconds. This system works with fixed rules so
it doesn’t make human mistakes.

A. Testing

e Real-time college data were used.

e Data contains subject name or code, rooms, labs, section.
o Different faculty workload was tested.

e  QGetting accurate data even with large datasets.

B. Performance Measure

Measure Result
Clash-Free Timetable 100%
Teacher Overlap 0%
Room Clash 0%
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Measure Result
Lab Continuity Proper
Workload Balance Balanced
Timetable Generation Time||< 5 seconds

The result shows that the EduChrono generates the 100% clash-free timetable with no faculty overlap and
even there is no room clashes. Labs are scheduled in continuous manner and the workload are evenly
balanced among all the faculty members. The most important thing is that the EduChrono generates the
timetable within 5 seconds with full accuracy and reliable.

C. Clash Detection Results

e No faulty were assigned to two classes at the same time.
e No same room and lab was used by two classed at the same time.
e No section had more than one lecture in the same time slot.

D. Time Performance Analysis

o  EduChrono generates the full timetable very fast and accurately.
e  EduChrono was very useful system because manual timetable making takes many times.

E. Important System Strengths

e Automatic las were assign in continuous time slot of 2 hours.
e  Even distribution of faculty and labs.

e  Proper use of classrooms and labs.

e  Clear class-wise and faculty-wise timetable output.

F. Comparison with Manual Timetable

Feature Manual Method||[EduChrono

Time Required  |[Many days Few seconds

Teacher Clashes |[Very common  ||Not possible

Room Clashes Often happen Fully avoided

Workload Balance|[Uneven Balanced

Editing Difficult Easy

The manual timetable takes lot of time to generate a timetable while EduChrono generates it within few seconds.

In manual work faculty or room clashes may happen easily but in EduChrono completely avoids these problems.
EduChrono distributes the workload evenly so that no faculty have continuous two lectures but in manual
generation it will happen. Also, making changes in EduChrono is easy as compare to manual work.
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G. Limitations Found During testing

e Big change required re-generation of the timetable.
e  Currently supported limited departments.
H. Summary

The testing result were show that the EduChrono system were fast and give accurate result. As
compared to manual timetable which take lot of time EduChrono generated the accurate timetable
within the seconds. This proves that EduChrono is very useful solution for the generation of schools
and college timetable. Even it works very well with real-time data.

VI. Conclusion

Making a timetable is one of the most important and difficult tasks in any school or college. When it is done
manually, it takes a lot of time and often creates mistakes like faculty clashes, lab problems, and uneven
workload. This project presented EduChrono, a Smart Timetable Generator that automatically creates correct
and accurate clash-free timetables. EduChrono takes all required academic data like subjects, teachers, rooms,
sections, and time slots in the form of CSV files. It follows fixed rules to make sure that:

e No teacher gets two classes at the same time.

e No class gets two subjects in one time slot.

e Lab classes get continuous time periods.

e  Teacher workload is balanced across the week.

e  There is no more than one lecture of any particular subject in a day.

The system was tested using real-time college datasets and it produced fast, clean, and accurate timetables. This
proves that automated timetable generation is much better than manual timetable making. EduChrono reduces
the of the timetable convenor who creates the manual timetable which takes lot of time. Overall EduChrono is a
simple, effective and reliable solution for timetable generation.
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