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Abstract 
 
The purpose of Green cloud computing is to achieve an efficiently working 

application which is eco-friendly for the environment. A work load for an 

institution is the most essential work schedule which helps in maintaining a 

systematic procedure for all the students and teachers. Scheduling a work 

load manually for all the grades in any institution is a tedious task. It requires 

the attention of all the teachers in the institution. Moreover, the students 

should feel comfortable in attending all the classes according to the work 

load. Considering all these parameters, a scheduling algorithm is designed 

using Genetic Algorithm for a institution work load. Genetic algorithm helps 

in improving the quality of the work load by using the genetic operators. 

Auto-Scheduler helps in reducing manual work just by giving all the details 

of the institution and teachers in this system. This system is designed mainly 

for the institutions all over India. It is beneficial for the staffs because it is 

designed based on the staff preferred timings. It is also beneficial for the 

students since the work load is created with regular intervals of extra-

curricular activities. 
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1 Introduction 
 Earlier work loads were generated manually, which was a tedious and 

complex task to solve. It comes under the scheduling problem and therefore 

it had various options for arrangements. These arrangements must be done 

considering the staffs’ and students’ comfort. Though there are different 

options, it is difficult to find the most optimized and suitable solution for a 

particular institution. Every institution has a varied criterion in working 

hours, staff availability, number of classrooms, capacity of a class, facilities 

available in a classroom, etc. Nowadays, smart classes are being used in 

various institutions where facilities like projector, screen display space is 

required.   

Theory and laboratory classes are equally essential for the students to 

have a balanced knowledge of both. With laboratory classes, there are certain 

requirements where the primary classes don’t need a net connection, whereas 

the higher-grade students will need a net connection or it can be a vice versa. 

Some classes need to work with particular software installed in them. Some 

classes need to work with particular software installed in them. Some classes 

are air-conditioned whereas some are not. A particular teacher may handle 

one or more subjects and sections. Students on the other side are 

continuously working as per the schedule given by the institution. So, the 

students should have regular intervals in the form of breaks or any other 

interesting extra-curricular activity carried out by the institution. In this way, 

both the students and the teachers will have a systematic comfortable 

environment to study and work respectively. 

Scheduling all the above demands in one single work load will be 

difficult to do in a manual method. Therefore, an automatic scheduler is 

designed in the proposed work. This can save manual work and chaos 

between each other. This work is done in three sections. They are:  Room 

Allocation, Staff Allocation and Time Allocation. These allocations must be 

viewed by classrooms, staffs and the students’ comfortably. 

 

2 Related works 
 

Scheduling problems do not have a resulting best solution. It can have 

infinite number of solutions which can be optimized to the next level and 

improve its performance. There are different methodologies to solve a 

scheduling problem such as genetic algorithm, simulated annealing, etc.  
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Since the work load scheduler problem has numerous numbers of constraints 

and criteria, it is difficult to consider all of them in one single algorithm. In 

such cases, genetic algorithm is better to produce an optimized result by 

giving a fitness function. Since it is an NP-Hard problem, it is highly 

constrained and difficult to solve in any of the methods.  

In a work load scheduler problem, Jain et al has discussed many soft and 

hard constraints [1]. Hard constraints are those which need to be fulfilled 

compulsorily. Soft constraints are not that demanding and can be ignored if 

fulfilling them is not feasible. These constraints can be extended to any 

number based on the institution’s policies. The most important constraints to 

be followed are given below. 

Hard Constraints: 

 A classroom should not be double booked. 

 Each class should be scheduled exactly once for a timeslot.  

 Each classroom should be allocated to hold the strength of the 

students.  

 There should be atleast one extra-curricular activity in a day.  

 Classes requested with facilities should be allocated properly, 

say for example, laboratory classes.  

 Class should be allocated considering the staff preferred timing 

and number of classes a staff can take in a day.  

 The same subject should not occur on the same day at a different 

time.  

 There should not be more than one continuous class in a day.  

Soft Constraints: 

 Working hours for the staff should be in a limit.  

 Students should have regular breaks or extra-curricular activities 

in between. 

 When staffs are not available, alternate staff or class should be 

allocated for the timeslot.  

  Another type of constraints was introduced by Narang. B. et al known 

as validity constraints [2]. Some of the validation constraints are: 

 Language classes should occur at the same for all the divisions.  

 No clash between work loads of different staffs.  

The main advantage in using genetic algorithm for scheduling is that, it 

can produce a general-purpose solution of any scenario using the fitness 

function calculation. With the help of this, we can eliminate the undesirable 

schedules [3].  Other methods of solving work load scheduler problem are 

Simulated Annealing, Fuzzy Logic, Hill Climbing, Operation Research, Tabu 

Search and graph coloring.  

Simulated Annealing is the process of heating and cooling down the 

material in order to reduce its defects in a crystal. In a work load scheduler ,  
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it is just used to find if the solution is optimal or not [3]. Fuzzy Logic is 

another method where it does not use any search algorithm. It just adopts 

techniques from areas like Statistics, Linear System, etc. and combines with 

Genetic algorithm, in order to search and merge different algorithms [4]. In 

this way, we can perform many heuristic local search operators for enhancing 

the efficiency. 

Hill Climbing is another approach of finding an optimization problem. It 

is an iterative method which changes an element incrementally. It brings a 

different solution for each iteration.   Burke et al has proposed an algorithm 

to solve the work load problem by using two types of searches namely, hill 

climbing and randomized descent search [5].  It is a meta-heuristic method of 

solving a work schedule.  

A variant of simulated annealing technique is the threshold acceptance 

problem, where a certain threshold is fixed for the best solution. This method 

was initially used in Travelling Salesman Problem. But, this method does not 

produce any benefits for time table problem. The great deluge algorithm is 

another method which accepts all the solution which has a value less than or 

equal to the objective function. This method is compared with hill climbing, 

simulated annealing and the threshold acceptance problem [6]. 

Tabu search is another method of solving work load split up problem. It 

has been compared with genetic algorithm approach [7]. A tabu search 

method has internal memory to record a list of solutions found, which makes 

search easier. Every solution is inserted into the tabu list after satisfying the 

aspiration criteria. This results in good solution quality. 

Graph coloring is the process of assigning colors to vertices in a graph so 

that no two adjacent vertices have the same color. Ant colony optimization is 

also used along with graph coloring to find solutions in two strategies, 

namely construction and improvement. Construction phase constructs all the 

new solutions using the movement of ant trails in ant colony. When the 

vertex is reached, the next decision is which color to assign the current vertex 

and which vertex to move next. In this way the second phase of improvement 

is done to find the solution to the problem [8]. Similar to this way, pattern 

matching can also be done with unlabeled samples of training dataset from 

which leads to prediction of results [9]. 

Genetic algorithms are best suited for the designing of work loads 

[10,11]. Nur et al has proposed an auto-scheduler which is highly efficient, 

using Artificial Intelligence. Although its efficient, the GUI designed for 

system is Xampp which is very simple and insecure [12]. Warit et al has used 

network flow algorithm in scheduling the management application for which 

the constraints are less [13]. Yan et al has used reverse flow technique in 

fuzzy environment which is expected to bring shorter waiting time for the 

load balancing [14]. 
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3 Proposed Work 
 

From the above discussed related works, it is understood that the work 

load problem is a combinatorial NP-Hard problem which has many 

constraints and criteria to solve and is difficult to bring out the best optimal 

solution. The proposed work is to solve the work load problem in genetic 

algorithm approach and find an optimal solution. 

Genetic algorithm is a global search methodology that works like the 

natural biological evolution. It operates on the population of solutions by 

applying the fitness function calculated for the problem. A population is 

composed of set of chromosomes. The two main factors to consider in 

population are diversity of the population and the population size. The 

diversity is important to avoid premature solutions. The size of the 

population should be small otherwise it will slow down the process. It acts as 

a subset of all possible solutions. Each chromosome is a solution, which 

consists of different elements called genes. The value taken by the gene is 

named as allele. The two types of population are: Genotype, which are 

solutions that can be understood by the computing system and Phenotype 

which are real world solutions. These can be converted into genotype by 

using decoding and encoding. 

A fitness function is used to find the suitability of the solution. 

Considering this value, we can say whether a solution is optimal to execute 

or not. The basic steps in genetic algorithm are: 

Step 1: Generate a random population of N chromosomes. 

Step 2: Fitness Calculation for all chromosomes. 

Step 3: Creation of new population using operators: 

 Selection: It is the process of selecting two parents of 

chromosomes. The different ways are Fitness proportionate, Roulette-Wheel, 

Tournament, Stochastic Universal Sampling, Rank and Random selection. 

 Crossover: It is the process of exchanging the genes between 2 

chromosomes. The different ways are one point, Multipoint, Uniform, Whole 

Arithmetic, and Davis’ Order. 

 Mutation: It is the process of changing the value of one 

particular gene. The different ways are Bit Flip, Random resetting, swap, 

scramble and inversion. 

                 Step 4: Replace the newly generated population with the old ones. 

Step 5: Check for the termination condition. If satisfied, then stop, otherwise 

go to Step 2. 

3.1 Structure of Auto-Scheduler 

The proposed Auto-Scheduler has three different allocations namely 

room allocation, staff allocation and timeslot allocation. In order to perform  
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these allocations, a set of data should be obtained as input. This input is 

obtained from the user in three masters. They are: 

 Section Master 

 Room Master 

 Subject Master 

 Staff Master 

 

1) Section Master: This master obtains the number of divisions in an 

institution such as primary, secondary and higher secondary. In each section, 

the number of grades present in a section are obtained. 

2) Room master: This master obtains the Room number, room type, seating 

capacity and other facilites of the room. 

3) Subject Master: This master obtains all the subjects taught by the 

institution. It includes all the co-curricular and extra-curricular activities. 

4) Staff master: It helps in obtaining all the staff details of the institution 

with their ID, subjects taught by them, their preferred timing and number of 

hours they can take class in a day. 

5) Section class: It is a sub class of Section master which gets the details of 

number of divisions in each grade and the strength of the class.  

As shown in Fig.1, the entity Section_Subject is a combination of the input 

from the Section master and the subject master. This entity consists of data 

which describes the subjects that are taught in every section. Similarly, the 

section_class and room master is used to compare the strength of the class 

and the capacity of the class to have a room allocation. Both the room 

allocation and staff allocation details lead to the creation of timeslot 

allocation. Here, the day/time settings vary for each institution. 
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Figure 1 Structure of input and allocation 

 

Therefore, it is obtained from the user to calculate the period of each 

timeslot. Once the timeslots are ready, the work load generation is done 

using the genetic algorithm. In order to create the timeslots, some of the input 

data are obtained in the form of questionnaire similar to [15]. We also need 

to achieve green computing in our scheduling methodology which results in 

efficiency and optimization of our algorithm[16].  

 Working hours of the institution for a particular grade, for 

example, grade I, II or III, etc. 

 Number of breaks and timings of each break including lunch 

break 

 Number of minutes for each period 

The formula to calculate the timeslot for each period is given in Eq. (1). 

 

Time slot = [working hours – (break time * no. of breaks) + lunch 

break]/Period timing             (1) 
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3.2 Algorithm 

Input: subject [s1….sn], staffs [t1…tm]. 

 Output: work load  

1: for generation of parent 

2:  split the staffs based on the preferred timing; 

3: for (s1…sn) 

4: apply scramble mutation for subjects; 

5:  if found (empty) in a timeslot 

6:  allocate the subject with highest count; 

7: calculate fitness  

8: if f(x) <0.5 then 

9: check for the violated constraint and call the function for it; 

10: repeat for the next parent; 

11: Check the optimality; 

 

The calculation of fitness given in Step 6 in the algorithm is very 

important in genetic algorithm. This is done to check if the arrangement of 

genes in particular chromosome is feasible or optimal for the work loads. It is 

calculated as follows: 

 

F (C) = Chromosome score/Total no. of constraints           (2) 

 

The chromosome score given in Eq.2 is the score which is used find how 

many constraints are satisfied by the chromosome. To calculate this, the 

conditions which are satisfied takes the binary value 1, otherwise it takes 0. 

 

Chromosome score = Σ (Score for each constraint)             (3)   

  

Using eq. 3, the chromosome score calculation can be done which can be 

used to find the fitness value. The fitness value should ε [0, 1]. 
  

4 Experimental Analysis 
 

It is implemented uing cloud server. The proposed Auto-Scheduler is 

compared with the Tabu Search Approach [7] and Recursive genetic 

algorithm approach [11]. The parameters considered for the comparison are 

Performance, constraints taken for consideration, time taken, deployment 

status, staff comfort, student comfort and the consideration of room facilities.  
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Table 1 Comparison of other algorithms for Auto-Scheduler 

 

Parameter 
Genetic 

Algorithm 

Tabu 

Search 

Recursive 

Genetic 

Algorithm 

Performance Good Better Good 

Constraints under 

consideration 
Hard & Soft Hard Hard & Soft 

Timetaken High Low Low 

Deployment 

Status 
Yes No No 

Staff Comfort Yes No No 

Student Comfort Yes No Yes 

Consideration of 

Room Facilities 
Yes No Yes 

Timeslot 

generation 
Yes No No 

 
 

5  Conclusion 
 

The proposed auto-scheduler for work loads can be easily used in 

insitutions. It can improve the systematic work schedule of daily routine in 

institutions making it comfortable for both students and teachers. It is 

designed once for the whole academic year for a grade. It can be further 

improved by considering the modifications that may occur in the middle of 

the year. 
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