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Abstract— Our aim is to come up with a 

feasible solution for creating a schedule in a university 

department. We have taken up this problem since we are 

aware that it is a persistent problem in educational 

institutions. We'll use genetic algorithms to tackle a 

complex timetabling problem for a university or college. 

In order to get workable timelines in a fair amount of 

time, heuristics and context-based reasoning were 

applied. Apart from providing a feasible solution, we will 

also be developing a UI that will be helpful for the college 

administrators to set up constraints in real-time. They can 

add the available subjects, faculty, no. of hours, and all 

the required data using the UI. Then the algorithm would 

be run at the backend and generate the time tables which 

also would then be rendered in the UI. 

Keywords— Timetable, Hybrid, Genetic, Heuristic, Constraints, 

UI. 

1. INTRODUCTION 

 Colleges offer diverse courses, professors deal with 
different courses in different semesters, and will handle 
multiple subjects, all of which take a lot of time and must be 
completed without overlap. Because effective time 
management is critical, we want automatic timetable 
scheduling. Manual scheduling is difficult, especially when 
the amount of data and resources to manage grows and the 
risk of collisions increases. 

 
To provide a roadmap for this paper, the first section 

contains an introduction to the paper, followed by related 
work in section 2, the timetabling problem in section 3, 
approaches to timetable generation in section 4, a few 
timetable generation algorithms and their challenges in 
section 5, and conclusion in section 6. 

2. RELATED WORK 

The metaheuristic Algorithmic, according to Abeer 

Bashab Et. Al, works better because it uses current 

information obtained by the algorithm to better determine 

which alternative solution should be examined next, or how 

the next candidate should be developed. 

They used the Genetic Algorithm, which is a subset 

of Evolutionary Computation, a broader area of computation, 

according to Swapnil Markal et al. The disputes between the 

subjects are handled adequately in compared to other 

systems. 

They employed a typical backtracking method, 

which is a brute force tactic, according to V. Abhinaya Et. Al. 

It takes a long time to calculate and is only useful for one type 

of class. 

Meta heuristic-based approaches are common in 

handling the university scheduling problem, according to Mei 

Ching Chen Et.Al, and hybrid methods are close behind. On 

the other hand, hyper-heuristic procedures are also effective. 

They devised a genetic algorithm that was 

acceptable in speed and converged faster than earlier 

fundamental algorithms, according to Shraddha Thakare et al. 

It's also worth noting that this model can be enhanced by 

including other changes. 

Mr. Mallikarjuna Nandi Et.Al suggested an 

optimization approach to improve search efficiency by 

combining different strategies. It also covers a few key hard 

constraints, such as faculty availability conflicts, as well as 

non-rigid soft constraints, such as search technique 

optimization goals. 

To solve the timetabling problem, Amin 

Rezaeipanah et al proposed a technique that combines the 

Improved PGA Algorithm with Local Search. This technique 

has been tested against a variety of benchmarks, and the 

findings indicate that it is more efficient and effective than 

other typical UCTP approaches. 

Cheng Weng and colleagues created a version of the 

approach that increases global exploration by combining a 

global best model prompted by particle swarm optimization 

with the great deluge strategy to encourage local exploitation. 

This strategy achieves a fair mix of exploration and 

exploitation. 

Shraddha Shinde et al. demonstrated that scheduling 

lectures with a genetic algorithm is both efficient and 

beneficial. They have demonstrated a high possibility for a 

future leadership timetable that is more equitable to students 

using the technique they have proposed. The framework is 
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straightforward to use and appears to be directly applicable to 

a wide range of scheduling issues. 

According to H. Algethami et al., they used a mixed 

integer programming technique to address the university 

scheduling problem. Faculty preferences, availability, and 

timeslot and room assignment limits were all taken into 

consideration. They wanted to get the most out of faculty 

assignments and activities by tailoring them to their specific 

needs. 

They have attempted to detect whether a certain 

timetable is viable or not based on the presence of binary 

session conflicts, according to David Schneider et al. Second, 

they wanted to test if the existing ProB tools could be utilised 

in a larger project to run models in a production system. 

According to Tanzila Islam et al., they used the 

scoring concept, in which they tried to come up with the best 

routine depending on the score. They used the Tabu Search 

concept, which is a meta-heuristic for addressing 

optimization problems. The Tabu Search approach produces 

an unsatisfactory first result. Tabu Search provides a 

reasonable response in a fair amount of time. 

Evolutionary techniques were used to tackle the 

university timetabling problem, according to Mayuri Bagul et 

al. Evolutionary algorithms, genetic algorithms, and other 

methodologies have been used, with mixed outcomes. In their 

research, they used a genetic algorithm to solve the problem. 

To solve the problem, they used a mimetic hybrid, genetic 

artificial immune network algorithm, which they compared 

to the results of the Genetic Algorithm. The genetic artificial 

immunity network outperforms the Genetic Algorithm in 

terms of the best option. 

3. TIMETABLING PROBLEM 

Scheduling various tasks is a prevalent decision 

challenge in most businesses or institutions, particularly in 

universities and colleges. The university course timetabling 

challenge is a complex need to allocate certain activities at 

the university or college, such as Courses, professors, and 

pupils are all offered in a set number of time slots. However, 

in any institution, organisation, or university, the timetabling 

difficulty can be adjusted according to events as follows: 

 

1. Education-related timetabling 

2. Sports-related timetabling 

3. Employment-related timetabling 

4. Transport related timetabling, etc.,  

 

Throughout this work, we have concentrated on 

educational timetabling. It's a complex combinatorial 

problem with both soft and hard constraints. University 

course scheduling problem is an NP hard problem, which 

means it cannot be solved in polynomial time as the size and 

complexity of the problem grows exponentially.  

4. TIMETABLE GENERATION APPROACHES 

The following are the several types of timetable 

generating algorithms: 

 

1. Operational Research-based approach 

2. Single solution based Meta Heuristic approach 

3. Population based Meta Heuristic approach 

4. Hyper Heuristics approach 

5. Multi objective approach 

6. Hybrid approach 

 
Let us see about each of these in some detail. 
 
4.1 Operational Research based approach 

 
  Graph colouring is commonly used in OR 
(Operational Research) approaches. The graph colouring task 
involves assigning least no of  colours to all of a graph's 
vertices, with the vertices connecting edges having distinct 
colours. The current scheduling problem and the graph 
colouring difficulties are connected in that the events 
represent the graph's vertices,the edges of the graph are 
represented by collisions between events, and the time slots 
are the colours to be assigned. Least Saturation Degree First 
(LSDF), Integer Programming (IP) and Mixed Integer Linear 
Programming (MILP) and others are examples of OR-based 
algorithms. 
 

4.2 Single solution based Meta-Heuristic approach 
 

Local search algorithms are meta heuristic 

algorithms with only one solution.The term "local search 

algorithms" refers to algorithms that start with a single 

solution and then look for a better one in the neighboring 

regions. This approach's algorithms can be further divided 

into three categories of optimization algorithms: 
  One-step optimization techniques satisfies both hard 
and soft constraints. 
  Two-stage optimization methods evaluate only hard 
constraints in the first phase and just soft constraints in the 
second phase of generating a viable solution. 
  Relaxation-based algorithms allow for two sorts of 
relaxation. First, put away any events that cannot provide a 
viable solution, and then build dummy events to generate 
viable solutions. Simulated Annealing (SA), Iterated Local 
Search (ILS) , Tabu Search (TS) , Hill Climbing (HC), and 
others are some of the algorithms used in this technique. 
 

4.3 Population based Meta-Heuristic approach 
 

  As the name implies, these algorithm operate on a 
population of solutions. They generate a new population of 
solutions in the neighbourhood of current solutions using a 
range of operators and rules. They are made up of genetic 
algorithms that generate an initial population by assigning 
classes to periods at random, taking into account the room's 
capacity. Then, using genetic operators like mutation and 
crossover, the fitness values of parents would assist in 
choosing their selection in the generation of children for the 
next generation. In the current timetabling situation, this 
representation could actually avoid the conflict between the 
courses. Genetic Algorithms , Ant Colony Optimization, and 
others are examples of population-based meta heuristic 
algorithms. 
 

4.4 Hyper-Heuristics approach 
 

  Hyper heuristic techniques utilise many heuristics in 
an adjustable manner to solve the problem. These are usually 
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simple and quick algorithms that can tackle a range of 
problems and are adaptive to different instances of specified 
benchmark datasets. Hyper-heuristics are algorithms that 
search a space of heuristics rather than a space of solutions in 
order to find heuristics. This methodology is demonstrated by 
the Add-Delete Hyper-Heuristic method, which employs an 
adaptive heuristic generating method to generate a variable-
sized list of add and delete operations. 
 

4.5 Multi-objective approach 
 
The algorithms for the multi-objective techniques 

were created with either a single or several interruptions. The 

term single-disruption refers to the disruption of one lecture, 

whereas many-disruptions refers to the disruption of multiple 

ones. The algorithm that used numerous disruptions 

outperformed the one that used only one. Multi-Objective 

Simulated Annealing (MOSA) is an example of this type of 

technique, with the goal of defining a good Pareto front that 

considers both solution quality and robustness. 

 
4.6 Hybrid approach 

 
The hybrid approaches can simply be defined as the 

usage of the combination of other different approaches in 

order to get rid of previous disadvantages and gain some 

efficiency as well. A few algorithms under the hybrid 

approach are as follows: Adaptive Tabu Search (ATS), 

Hybrid Genetic Algorithms (HGA), Greedy Randomized 

Adaptive Search Procedure (GRASP), etc. 

 

5. FEW ALGORITHMS 

 
5.1 Mixed  Integer  Programming  

 
 In general, the MIP based model describes the assignment 
of a particular course to a specific room in a specific time slot 
as a binary decision variable with penalties if the courses are 
assigned to overlapping time slots. 
  
 Below are a few formulae that would be used in a MIP 
based model to solve a timetabling problem. The terms used 
in the formulae are also described as below : 

 
 
where, 
 
 

 
 

5.2  Tabu  Search  
 

   A Meta heuristic optimization search strategy that 

uses local search methods to accomplish optimization.  It 

works with the sub-optimal initial solution. 

 

  It ignores the unessential exploration and analyses 

the search space upon which optimization is performed and 

keeps note of the recently visited area in the Tabu list.  

 

  A hill-descending heuristic is guided to continue 

research by the concept of memory structures. In tabu search, 

there are three different types of memory structures: 

● Short term: This contains the list of solutions that are 

recently considered.  

● Intermediate term: This contains rules that guide the 

search space towards promising areas. 

● Long yterm: This contains rules that guide search into 

new regions.  

 

1. Create an initial solution that is selected at random and 

assign it as the best solution.  

2. Iterate until you find the best solution. 

3. If the best local has a higher fitness value than the existing 

best, update as the best solution.  

4. Add the local best candidate to the list and if the list is 

full, some elements will be removed from the list.  

5. The order of expiration of elements in the tabu list is the 

same order in which the elements are added. 

6. Keeps track of the best solution in the neighbourhood 

until one of the two requirements is met, which is either 

a fitness score or a time restriction is exceeded. 
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7. Provide the best solution discovered during the 

procedure. 

 

 
 

5.3 Hill Climbing 
 

The following is the Hill Climbing (HC) optimizer algorithm: 
 
ALGORITHM : 
 

  
 

5.4 GeneticAlgorithms 
 

 
 
  A genetic algorithm is an optimization approach that 
attempts to identify the best solution based on the input data. 

The fittest individuals will survive in subsequent generations 
and will be picked for reproduction in order to generate 
offspring for the following generation, according to this 
algorithm. The algorithm starts with 
 
1. Creating a random initial population which will be the 

set of all possible solutions. 
2. The algorithm then uses mutation and combination to 

create a new population from the old population. 
3. The procedure is carried out across several generations. 
4. A fitness value is assigned to each individual solution in 

the population, and solutions with higher fitness values 
are more likely to participate in mutation and 
combination, leading in a better population. 

5. In this manner, we continue to "evolve" better persons or 
solutions with high fitness values across generations 
until we find the best solution or reach a stopping point. 

6. Genetic algorithms start with random solutions and aim 
to find the best ones in subsequent generations.     

 
The challenges faced during this implementation was 

1. we can't assign a single subject continuously.  
2. A class cannot be assigned to two distinct lectures at 

the same time. 
 

5.5 Ant-Bee Colony Optimization 
 

  It is a population based stochastic technique which 
has shown excellent search performance on a range of 
optimizing problems. This strategy is on the basis 
of conventional intelligent behaviour of honey bees. The 
colony of ant-bees is separated into two groups. 
 
 1. Employed Bees 
 2.Un-Employed Bees(onlooker and scout bee 
 
  These three types of bees (employed, onlooker,scout 
bees) cooperate together to search for food. 
The Ant-Bee Colony algorithm's general scheme is as 
follows: 
 

 
 
Working or phases of the algorithm: 

1. The ABC algorithm generates a randomly distributed 
population of a fixed size during the initialization 
phase. 

2. The employed bees complete the food search, make 
improvements to existing solutions depending on 
neighbourhood searches, and evaluate the nectar 
(fitness) of new food source, all while sharing their 
findings with other bees. 

3. Onlooker bees use information gathered from 
employed bees to select the greatest food source. 
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This decision is made using the roulette wheel 
selection approach. 

  
Where, 
 The probability of selecting food source I 
is given by p(i).The fitness value of a certain dietary 
source I is fit (i). 
Onlooker bees prefer the food supplies advertised by 
employed bees with a higher volume of nectar. 

 4.   The food source is abandoned if the quality of the 
food do not improve after a certain number of 
cycles. Scout bees find a new food source, which 
will soon be replaced by an abandoned one.. 

As a result, the bees work together, communicate and 
cooperate to locate food source or solutions by analyzing 
nectar quality. 
 

5.6 Hybrid Harmony Search 
 

  The Hybrid Harmony Search Algorithm (HHSA) 
combines memory with the global best idea. In order to adapt 
the HHSA to the timetabling problem, the schedule 
representation (x) and objective function (f(x)) are modelled. 
After that, the datasets are turned to a useful data structure. 
Finally, the parameters of the HHSA must be determined. 
 
ALGORITHM : 
 

   
 

5.7 Steady State Genetic Algorithms 
  
  The algorithm used was as follows: 
 

   ALGORITHM : 
  

 

6. CONCLUSION 

 According to a large number of papers in the scientific 
literature, the university course scheduling problem is an 
active and essential research topic. The initial appearance of 
international competitions in timetabling continues to inspire. 
This research looks at the different strategies presented in the 
last 10 years to handle the challenge of university course 
scheduling (both real world and benchmark). The approaches 
are divided into various groups. They are also organised 
chronologically by year of publication. As a result, an 
overview of present trend in this domain is provided.  In 
addition, the limitations of each methodological group are 
discussed in this study. 
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