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Abstract-   Cloud computing is a controlled model that defines computing services, in which data and resources are 
retrieved from the cloud service provider through the internet with the help of web-based tools and functions. It is a 
collection of resources and services shared together and are provided to the users on pay-as-you-go model. An efficient 
task scheduling algorithm is required, for mapping the resources with tasks. A Heuristic based algorithm is used to attain 
the optimal or near optimal solution of task scheduling in the cloud environment. In this paper, various types of task 
scheduling algorithms in cloud computing have been discussed. 
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I. INTRODUCTION 

Cloud computing is a paradigm that facilitates convenient, ubiquitous, on-demand broad network access to 
configurable computing resources that can be immediately provisioned and released with minimum management 
effort [1]. Cloud computing is a computing environment, in which there will be many resources that provide services 
to users in the Internet. These available resources execute the scheduled tasks in the cloud environment. There are 
three services associated with Cloud computing. They are Infrastructure as a Service (IaaS), Platform as a Service 
(PaaS) and Software as a Service (SaaS). It is the distributed computing in which the tasks to resources will be 
distributed in some way to facilitate communication and sharing the available resources. 

Scheduling is mapping the tasks to the available and selected resources based on requirements. The overall 
performance of cloud computing should be enhanced by reducing the completion time of all the tasks. 

Scheduling is one of the important features of cloud computing. A fair scheduling will improve the performance 
of the cloud system. The aim is to reduce the makespan and increase the utilization of resources.  

Task is a piece of work to be executed in a specified time [2]. Task scheduling is the process of assigning tasks to 
resources for the specific time for that task to be completed. The tasks are distributed over resources in an appropriate 
manner such that necessary preferences between tasks are met and total time needed to execute all tasks is minimized. 
Proper task scheduling improves efficiency and performance of cloud environment. In order to achieve high 
performance, parameters like execution time of all tasks, resource utilization, etc., are considered.  

The rest of the paper is organized as follows. In section II the types of scheduling in cloud systems is described. 
Section III presents the literature study on various heuristics and meta-heuristics task scheduling algorithms. The 
Section IV gives an introduction about the Expected Time to Compute (ETC) matrix. In Section V the comparison 
of the six algorithms is tabulated and finally in Section VI the conclusion is presented. 

II. TYPES OF SCHEDULING 

Different types of scheduling techniques are found in Cloud systems since applications could have different needs 
such as batch mode or immediate mode, dependent task or independent task. On the other hand, the Cloud computing 
environment characteristics themselves impose restrictions such as dynamism, use of local schedulers, centralized or 
decentralized approach, etc.  

The local scheduling policy determines how the processes resident on a single CPU are allocated and executed. 
The global scheduling policy uses information about the system to allocate processes to multiple processors to 
optimize a system-wide performance. Cloud scheduling falls into the global scheduling policy. 
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In static scheduling, information about all resources in the Cloud as well as all the tasks in an application is 
assumed to be available by the time the application is scheduled. In the case of dynamic scheduling, the basic idea is 
to perform task allocation on the fly as the application executes [3]. Both static and dynamic scheduling is widely 
adopted in Scheduling. 

 

A. Task Classifications – 

A task is a set of instructions or data. Instruction is measured in millions of instruction and data are measured in 
megabytes or megabits. The task may have low or high heterogeneity. In the cloud computing environment, task is 
of two types: independent and dependent task. The classification of tasks is shown in Figure 1.  

 

 
Figure 1.  Task Classification 

Independent task has no relationships among each other’s. Let us consider two independent tasks Ti and the 
Task Tj. In independent task, scheduling sequence does not affect the computations. Either of the tasks Ti or Tj 
can be executed first depending on the scheduling mechanism. Independent tasks are scheduled in two ways: 
immediate and batch mode. In immediate mode, tasks are scheduled as soon as it arrives. In batch mode, tasks 
are scheduled as a batch. 

 Dependent tasks have a relationship between each other. Dependent tasks are represented in directed 
acyclic graph or task graph. 

B. Performance Metrics – 

The metrics used for evaluating the performance of the task scheduling algorithm are Makespan and Resource 
Utilization. 

Makespan 

The resources will be having different completion time as per the scheduling policy. Makespan is the value 
corresponding to the resource taking the maximum time to complete all the tasks assigned to it. It is calculated using 
the equation 1. 

Makespan  = max(CT(ti, Rj))                 (1) 
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  Where  CTij = Eij + Rj  
    Rj – Ready time of resource j after completing the assigned tasks 
    CT – Completion time of resources  
    Eij – Expected Execution time of task ‘i’ [ti] on resource ‘j’ [Rj]. 
 
Resource Utilization 

 Resource Utilization is defined as the amount of resources busy in executing tasks. It is calculated using the 
equation 2. 

Resource Utilization = Ri * 100 / TARU                 (2) 
   Where,  TARU is Total Amount of Resource Used. 

Ri is the Resource i 

 

After this Execution the Inverse 2-level discrete wavelet transform is applied on the watermark data to generate 
three watermark images extracted.  

III. RELATED WORKS 

In this section we consider two types of algorithms namely heuristic and meta-heuristic. In heuristic nine 
algorithms including the six standard algorithms have been included. The meta-heuristic algorithms are the nature 
inspired algorithms. 

A. Heuristic Scheduling Algorithms – 

Heuristic algorithms 

The heuristic algorithms are designed to provide fast solutions to any optimization problems, where the classical 
methods are too slow. These algorithms in general provide approximate solutions to the problem. A heuristic 
algorithm often finds the solution more quickly but the solution obtained may not be optimal.  

Opportunistic Load Balancing (OLB) 

OLB assigns each task, in arbitrary order, to the next machine that is expected to be available, regardless of the 
task’s expected execution time on that machine [4]. 

Min-Min 

The Min-Min begins with the set unmapped tasks. Then, find the set of minimum completion times for each task. 
Next, the task with the overall minimum completion time from is selected from the set and assigned to the 
corresponding resource. The mapped task is removed from the set and the process repeats until all tasks are mapped   
[5]. 

Max-Min 

The Max-Min algorithm is just the reverse of the Min-Min algorithm. The Max-Min heuristic begins with a set of 
all unmapped tasks. Then, find the set of minimum completion times for each task. The task with overall maximum 
completion time from the set is selected and assigned to the corresponding resource (hence said to be Max-Min). The 
mapped task is removed from the set and the process repeats until all tasks are mapped [6]. 

Minimum Execution Time (MET) 

MET assigns each task, in arbitrary order to the machine with the best expected execution time for that task, 
regardless of that machine’s availability. This algorithm is very simple and inexpensive but the loads among resources 
are not balanced [6].  

Minimum Completion Time (MCT) 

MCT assigns each task in an arbitrary order to the machine with the expected minimum completion time. It 
follows arbitrary order to map tasks [6]. This causes some tasks to be assigned to resources that do not have the 
Minimum Execution Time. 

Sufferage 

The Sufferage heuristic is based on the idea that better mappings can be generated by assigning a machine to a 
task. The expected completion time would suffer more, if that particular machine is not assigned to it. The sufferage 
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heuristic sets priority to tasks based on their sufferage value. It is defined as the difference between its best minimum 
completion time (MCT) and its second MCT. Task with high sufferage value takes the precedence. By assigning their 
first-choice machines to the tasks that have the highest sufferage values among all contending tasks, the Sufferage 
heuristic reduces the overall completion time [7]. 

Resource Aware Scheduling Algorithm (RASA) 

This algorithm is built through the analysis of two task scheduling algorithms, Min-min and Max-min and to 
achieve the lower make span this scheduling algorithm is used. The Min-min strategy is applied to assign the first 
task; otherwise the Max-min strategy is applied. The remaining tasks are assigned to their appropriate resources by 
one of the two strategies, alternatively [8]. 

Load Balanced Min-Min Algorithm (LBMM) 

LBMM executes Min-Min in the first round. In the second round it chooses the resources with heavy load and 
reassigns them to the resources with light load. LBMM identifies the resources with heavy load by choosing the 
resource with high makespan in the schedule produced by Min-Min. It then considers the tasks assigned in that 
resource and chooses the task with minimum execution time on that resource. The completion time for that task is 
calculated for all resources in the current schedule. Then the maximum completion time of that task is compared with 
the makespan produced by Min-Min. When the makespan is less, then the task is rescheduled in the resource that 
produces it, and the ready time of both resources are updated. Otherwise the next maximum completion time of that 
task is selected and the steps are repeated again. The process stops when all the tasks are assigned for scheduling. 
Thus, the possible idle resources are rescheduled efficiently [9]. 

B. Meta Heuristic Algorithms – 

Meta-Heuristic algorithms occupy a higher level when compared to the heuristic algorithms. These algorithms 
provide procedures to generate lower heuristics. They function well even when there is an incomplete or imperfect 
information. They do not provide global optimal solutions, instead they guarantee near optimal solutions [10]. 

Several Metaheuristic algorithms are considered and their abilities are studied based on their effectiveness to solve 
the problem at hand. Table 1 presents a comparison of these techniques. These techniques are studied based on the 
complexity of their fitness functions, the scalability of the technique with increasing complexity, the completeness of 
the algorithm or the ability to define a effective stopping criterion,  the ability of the algorithm to reach global 
optimum or the inability to get out of local optima, the ability of the techniques to handle dynamic datasets under ever 
changing conditions, the stochastic nature of the techniques, and the extent to which they can be parallelized to 
achieve real time performance [11]. 

 



International Journal of Innovations in Engineering and Technology (IJIET) 
http://dx.doi.org/10.21172/ijiet.154.06 

Volume 15 Issue 4 March 2020 33 ISSN: 2319-1058 

Table -1 Comparison of Meta Heuristic Techniques 
 

Algorithm / 
Properties 

Simulated 
Annealing 

Tabu Search Genetic Algorithm 
Ant Colony 

Optimization 
Particle Swarm 
Optimization 

Complexity of 
Fitness Functions 

1 2 5 3 3 

Scalability with 
respect to 

complexity 
5 5 1 4 4 

Ability to define 
stop criterion/ 
Completeness 

1 1 3 5 5 

Getting struck in 
local optima 

5 5 3 1 1 

Handling Dynamic 
Datasets 

1 1 1 5 4 

Parallelization 
Capacity 

2 3 1 5 5 

Stochastic Nature 5 1 4 2 2 

Survival of the 
Fittness 

3 3 5 1 1 

Hybridization 3 3 1 5 2 

 
Table 1 show the peak signal to noise ratio of performance of our proposed method of watermarked image and 

original image with various watermark image, where our watermarked images peak signal to noise ratio has a better 
performance than others. 

IV. EXPECTED TIME TO COMPUTE MODEL 

In this model [12], it is assumed that the estimation or prediction of the computational load of each task, the 
computing capacity of each resource, and an estimation of the prior load of the resources are known in advance. 
Moreover, the Expected Time to Compute matrix (ETC) of size m x n that is, ‘m’ number of tasks by ‘n’ number of 
resources, where each position ETC[t][r] indicates the expected time to compute task t in resource m, is assumed to 
be known or computable in this model. In the simplest of cases, the entries ETC[t][m] could be computed by 
dividing the workload of task t by the computing capacity of resource m. This formulation is usually feasible, since 
it is possible to know the computing capacity of resources while the computation need of the tasks can be known 
from specifications provided by the user, from historic data or from predictions. 

 

IV. COMPARISON OF VARIOUS TASK SCHEDULING ALGORITHMS 

The Table 2 is a sample ETC Matrix. The Table has three resources and five tasks. 
The makespan and resource utilization is calculated for the six algorithms. They are tabulated in Table 3 and the 
advantages and issues are also considered. 
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Table - 2  ETC Matrix 
 

Tasks / 
Resources 

R1 R2 R3 

T1 7 21 6 

T2 11 12 7 

T3 13 11 14 

T4 2 17 15 

T5 8 5 9 

 

Table - 3 Comparison of various algorithms 

Algorithm  Makespan 
Resource 

Utiliztion in 
% 

Advantages Issues 

OLB 17 84.31 Implementation is simple Poor makespan 

MCT 15 91.66 Minimize the makespan 
Tasks may not be assigned to the best 

expected execution time resource 

MET 16 64.58 
Tasks are assigned to the resources having best 

expected execution time 
Severe load imbalance 

MIN-MIN 15 73.30 Minimize the makespan 
Tasks with longer execution time is 

penalized 

MAX-MIN 13 87.20 
Better mapping compared to min-min. 

Better makespan and reasonable load balance 
Tasks with shorter execution time may 

have to wait for long time to execute 

RASA 16 72.9 Combination of Min-min and Max-min 
Communication cost, computation cost 

and deadline of each task are not 
considered 

 

IV.CONCLUSION 

This paper presented the basic concepts of task scheduling in the Cloud computing environment. Investigations 
were made on factors like makespan, resource utilization that influence scheduling in a cloud system. The various 
task scheduling policies have been discussed. The results of makespan and resource utilization of the standard 
algorithms are also given. It gives a deep understanding to identify the problem for further research study to develop 
efficient scheduling algorithms that may either reduce the makespan or increase the resource utilization or both. 
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