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Abstract 
 

Cloud computing is a hot topic in resources planning and the planning of 

appropriate cloud workloads is focused on the Cloud application's QoS 

needs. Many methods for calculating cloud computing resources under 

several aspects have been developed. However, researchers continue to face 
problems in selecting the efficient and acceptable resource planning strategy 

for a specific workload based on existing resource planning techniques. The 

use of resources is the main aim of cloud planning, since resources are 
available as a service. The way cloud services are designed to serve the cloud 

user in the application layer is critical in cloud management and research 

planning. In this text, we analyse algorithms based on two dimensions for 
resource scheduling. Firstly, the resources are configured on a QoS basis and 

the goals such as task making-up, user costs and app output optimise. First 

the cloud provider needs to prepare the proficient cloud resource to use the 

supply or to save carbon costs or renewable cloud resources. Under the 
division of three the current techniques are checkedscheduling for user QoS, 

scheduling for provider efficiency, or scheduling for negotiation 

subcategories. 
 

Keywords: Cloud, Scheduling, QoS, Makespan, Energy.  

 
Journal of Green Engineering, Vol.10_11,  
© 2020 Alpha Publishers. All rights reserved 

 
 

 

 

 
Journal of Green Engineering (JGE) 
 

     Volume-10, Issue-11, November 2020  

 
 

  

11569-11593.

about:blank


 
 

 

 

 
 

 

 
 

 

 
R.Vijayalakshmi et. al 

 

 

 

1 Introduction 
 
The control of resources requires different levels of resources and 

workloads from submission for the execution of the workload. Resource 

management is performed at two levels in the cloud computing environment: 
I resource provision and ii) resource planning. The resource supply describes 

the process of determining enough resources to deliver workload based on 

the QoS requirements provided by cloud users, while resource planning maps 
and implements cloud user workloads based on selected resources, via 

resource supply as shown in figure. 1. The cloud user can have information 

on the execution workload. The broker defines the required resources for the 

given workload according to the information and decides if resources are 
supplied using QoS [1]& [2] specifications. An effective working cloud 

management framework[2] defined, evaluated and clustered with k-mean 

algorithms based on the assigned weights and QoS specifications was 
discussed. After efficient resource allocation Broker transmits requests to 

resource scheduler. The other features of the broker include the release of 

additional resources into the resource pool, the data on the resources supplied 

and the control of resources to include or remove them. If the services are 
given, the next step is the resource planning. The resources given are placed 

at the queue of resources, while the rest are placed in the resource pool[3]. 

The workloads given are processed by queue for workload. At that time, a 
planner can map the resources provided, execute the workload and return the 

resources to the resource pool once the workload is efficient. It is a dynamic 

method to prepare the resources for enough workload, depending on QoS 
requirements. In order to plan the resources effectively, the QoS needs are 

taken into account. The research requirement is to be uncovered. Resource 

planning in the cloud computing world is an important field of study centred 

on high calculation time and resources. Various parameters and variables for 
the planning of resources are provided for various types of algorithms 

(RSAs). 

Efficient resource scheduling minimizes computation cost, computation 
time, energy utilization and considers QoS necessities such as reliability, 

security, availability, scalability etc. as in [2]. In cloud background, user and 

service provider are two parties. The cloud user gives the workloadwhereas 
the resource provides allocates resources to execute workload. These two 

parties require different requirements: provider desires to gethigh profit with 

low investment and increase the resource utilization to execute workload 

with low cost and computation time. At the same time, executing number of 
workloads on one resource creates interferencebetween workload that results 

in bad results and degrades the customer satisfaction. For maintaining the 

service quality, the providers refuse the requests which leads to irregular 
environment. Providers take the unpredictable resources into consideration to 
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schedule and execute workloads. The process of resource scheduling is 
difficult due to the fact that the user and providers are not ready to share 

details on one another. The issues present in resource scheduling are 

dispersion, uncertainty and heterogeneity of resources which are not resolved 
with conventionalRSAs in cloud platform. So, it is needed to execute cloud 

workloads effectively by considering the characteristics of cloud platform. 

As illustrated in Fig. 1, the workload information is collected by the Cloud 
Workload Management Portal from cloud user. The number of cloud 

workloads provided by the cloud user is processed in the queue. Using the 

information about the cloud user, the resources are allocated to the cloud 

workloads for their execution. Resource provisionary offers the requested 
resources to the workload to execute it in the cloud platform when the needed 

resources are present in the resource pool. When the needed resources are 

unavailable based on the QoS necessity,  the Workload Management System 
(WMS) requests to resubmit the workload with latest QoS necessities in the 

form of Service Level Agreement(SLA). 

 
 

Figure 1. Resource Scheduling Process 

 

The work loads are given to the resource scheduler when the available 
resources are supplied successfully. The resource manager would then 

recommend that the workload for the services supplied be relieved. The 

resource scheduler will then return WMS results; the resource information 

are included in the cloud workload. The policy selector is used to pick the 
correct timing policy by providing the cloud user with workload information. 

The cloud platform and scheduler use the policy selector's decisions to 

execute different scheduling guidelines. The cloud workload is assigned with 
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the aid of the planning policies. Incoming Cloud workload is allocated by the 

Resource Scheduler using the workload information. Cloud workloads are 
effectively scheduled and then located and mapped with the plan guidelines 

for sufficient and available resources. Dispatcher is used to submit the 

execution workloads. Only after the workload is carried out on a basis of 

QoS parameters supplied in SLA is the workload dispatch. The resource 
monitor checks whether or not the appropriate number of resources are 

provided for the scheduling of resources. The QoS monitor includes the QoS 

parameters information to check whether workloads run in the same range or 
not. The ultimate aim of cloud planning is resource efficiency, as services are 

delivered as a service. The preparation of cloud services in the cloud user 

application layer is thus one of the key problems for cloud management and 

planning. The cloud services in this layer are twice designed. On the one 
side, it should follow the user's QoS and optimise objectives like the make-up 

mission, user cost and application efficiency, while managing the use of 

resources efficiently at the same time. 
 

1.1 Task Scheduling 
 
Task or workflow may be used as the workload allocated to the cloud 

workload management system. This Role is a completely managed service 

that allows the user in a wide range of distributed tasks to be performed, 

dispatched and delivered. The task planning is a method used for finding the 
sequence of execution of tasks or events. It is the method of mapping the 

resources available to the cloud to the required mission. The cloud selection 

processes[4],[5] &[6] are the liability. The cloud programming method is 
shown in the Fig. 2.  

 

 
 

Figure 2. Scheduling in Cloud Computing [6] 
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Task or workflow may be used as the workload allocated to the cloud 
workload management system. This Role is a completely managed service 

that allows the user in a wide range of distributed tasks to be performed, 

dispatched and delivered. The task planning is a method used for finding the 
sequence of execution of tasks or events. It is the method of mapping the 

resources available to the cloud to the required mission. The cloud selection 

processes[4],[5] &[6] are the liability. The cloud programming method is 
shown in the Fig. 2. 

 
 

Figure 3. Classification of Task Scheduling Methods in Cloud Environment [6] 

 

1.2 Need of Resource Scheduling 
 

The main goal of resource planning is to create the necessary resources 

for scheduling the appropriate workloads in time and to improve resource 
performance. Alternatively, the number of resources should be low to ensure 

a necessary level of service quality or minimize the time needed to complete 

the workload (or optimise the output) of a workload. Efficient resource load 

mapping is necessary in order to efficiently plan the resources. The next 
objective of the resource planning software is to identify the adequate and 

adequate workload that supports multiple workload planning processes that 

are able to meet various QoS needs including CPU usage, accessibility, 
reliability and security [2] for cloud workloads. Thus, resource planning 

takes into account the execution time of each work load but the entire results 

depend primarily on the type of workload. 

 
1.3 Paper Contribution 

 

Evolutionary computing (EC) is a model of optimization that has been 
recently built on the basis of natural development processes and organism 

behaviour. EC Algorithms typically include the evolutionary algorithms 
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(EAs), namely genetic (GA) algorithms, and swarm intelligence algorithms 

such as Ant Colony Optimization (ACO), PSO and other algorithms inspired 
by nature. Certain recent works have shown a growing trend to incorporate 

EC algorithms in complex optimization systems for improved performance. 

This pattern will carry on with the growth of cloud computing proliferation, 

ambition and sophistication. We look at algorithms for resource planning 
based on these algorithms. The current strategies are discussed in the three 

ways of planning the consumer QoS, planning the performance of the 

supplier and planning the subclassen of the negotiations. Various features of 
different EC algorithms are given below for various purposes. In addition, 

tables are given for algorithmic design, planning targets, work environment 

and performance analysis. 

 

1.4 Paper Organization 
 

The remaining sections of the paper are organized as follows. A detailed 

overview of the scheduling algorithms is discussed in Section 2.  Cloud with 
COVID-19 is provided in Section 3.Then, conclusion is provided in Section 

4. 

 

2 Review of Scheduling Algorithms in Cloud Computing 
Environment  
 
2.1 Scheduling for User QoS 

 

Cloud systems consider different QoS parameters to design an efficient 
and successful system. Various parameters of QoS are considered in [2] as 

represented in Fig. 4. 

 

 

Figure 4.Taxonomy based on QoS parameters 

 

User QoS uses Scalability, Disposability, Reliability, Protection, 
Expense, Runtime, Energie, Resource Use and SLA Violation for 

subcategories of work. Scalability is the computer system's ability to retain 

productivity as the number of users or the usage of resource rises and results 

correctly. A system is able to ensure that data required for processing are 
accessible at the optimal performance level. The data is available. Reliability 
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means the system's ability to operate consistently with its predefined goals. 
Protection is a system's ability to protect cloud data with data encryption and 

passwords. Energy is the amount of energy consumed to complete the 

expected workload. The time needed for execution/making time is the time to 
complete the assigned workload. Cost is the cost of the workload to be 

carried out in an hour. The usage of resources is the time spent by a resource 

on the overall workload for a resource. The defilement of the service level 
agreements is a breach of the SLA[2]. SLA violations Certain QoS 

parameters are thoroughly discussed. 

 

2.1.1 Execution time  
 

In a cloud computing environment, for scheduling divisible and 

independent tasks, [7] presented the GA in 2009. Over N cloud resources, the 
M tasks are scheduledwith similar length as task counts. Every gene is an 

integer, for instance, j(1 ≤ j ≤ N), denoting the resource index, denoting over 

jth resource Rj, the ith task Ti scheduled. Hence, in a direct manner, the GA 

is employed and the chromosome coding method is standard for resource 
scheduling. Those are employed in [8]later. Through merging a GA with 

Max-Min and Min-Min approaches, makespan that is optimized by [8] is 

used to enhance the GA speed and population initialization. The costs, 
reliability, bandwidth and distances are also assumed in addition to 

makespan. To formulate a complex main function, makespan was assumed in 

the study. With the encoding approach, the cloud resources are scheduled. In 
cloud computing environment, they claimed that the GA technique that 

assumed as average makespan, user cost and total makespan was highly 

efficient and helpful. With expected execution order, cloud resources task 

might be scheduled from independent tasks. The tasks comprise the order and 
contain workflows. The gene order is assumed in chromosome besides 

coding similarity. It can be performed in entire genes not only in every gene 

value that requires to be optimized. The objective function is the integration 
of user cost and makespan. With a GA-based approach, [9] scheduled the 

resources in cloud through task matching towards tasks execution order 

scheduling and virtual resources.  
They take both database and VMinto consideration, resources in network 

through task matching towards virtual resources. With database index, 

network index and VM index, every gene in GA of the chromosome is coded 

as 3D structure in order to extend from encoding method. To satisfy the user 
deadline condition, [10] projected the method of dynamic objective the 

makespan approach as primary objective and to consider cost to user benefit 

optimization. Multi-objective EC method had been employed to scheduling 
the cloud resource with single or complex objective optimization. Through 

workflow, [11] scheduled resources and both execution orders and VM 

match are scheduled. To resolve this issue, the assumed user costs and 

makespan as two objectives and employed well-known NSGA-II multi-
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objective optimization method has the ability of expanding the search space 

in the form of exploration.  
The common structure of employing ACO to user tasks scheduling is 

used wherever every ant employs M steps for the solution construction. The 

ant employs heuristic and pheromone data to select the appropriate resource 

Rj in the ith step for ith task Tischedule. The entire M tasks had been 
scheduled over various resources after M steps. The ant moves one by one 

towards the resources at the cloud in this context scheduled the M tasks [12]; 

using this method due to the movement of the ants at every phase the task 
might be scheduled over every resource with the resource set. In order to 

have various cloud service time slots, the pheromone update method was 

changed and the heuristic data depending on user’s QoS over system 

reliability, security, user cost or response was employed in guiding the ant to 
choose the best resource. By assuming the user cost, system reliability, 

makespan and network bandwidth, ACO-based method is employed by [13] 

for cloud resource scheduling. Based on the various QoS measures, the tasks 
were primarily categorized into various classes and then tasks in various 

classes were combined to cloud resources through ACO optimization. In the 

study, PSO is viewed as an efficient tool to be scheduled as cloud resources 
in ACO and GA technique. When compared to other EC techniques, PSO 

provide quick convergence. Commonly, numerous researchers studied cloud 

resources scheduling through PSO. The particle was encoded as same as for 

scheduling cloud resources for PSO. The length of the particle position is 
similar as value, and task number of every dimension is an integer to denote 

the resources in cloud which implements the respective task. As optimization 

objective, this method takes user cost assuming both computational and data 
transmission cost. In PSO, position and velocity update would create the 

modified rate of every position dimensionand does not remain as an integer. 

For the model of cloud resource scheduling, the PSO is appropriate, that is, a 
problem of discrete optimization, the continuous PSO is extended as discrete 

PSO by [14]. With set-based strategy, this technique is same. The pairs are 

comprised by the particle position. For code scheme matching, the position 

and velocity updating are changed additionally. The user cost is optimized 
for optimization objective through merging the computational and data 

transmission cost when the user QoS like user cost, reliability and makespan 

are optimized individually. This article [15] discusses the topic of task 
preparation, taking into account users and cloud service providers, while 

ensuring the completion of the task services are exploited completely. In 

order to adjust the weight with the increase in the number of iterations and 

random weights, the PSO has been suggested to improve the PSO algorithm, 
which prevents the PSO from being captured in the ideal position at the late 

stage. Linear decrease weight is used to increase global search capacity at the 

early iterations and in later iterations it has high global search capacity, and 
this algorithm is better than the regular PSO. The proposed amended PSO 
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(MPSO)[16] has been based on two main parameters: mean scheduling time 
and effective execution ratio. The proposed MPSO is updated to combine the 

PSO and simulated ripping algorithms in order to resolve the low 

convergence of PSO (ASA). ASA has great jumping capability and is more 
convergent than Min-Min Max-Min and the normal PSO and achieving better 

efficiency 

Some techniques are proposed for PSO extension to discrete cloud 
resource scheduling.A small position value rule is employed and by 

arranging the complete position dimensions to real value and offering each 

dimensionsan integer-value rank number. The integer value mapping to cloud 

resource index, this was to transform real-value position to integer value. The 
data transmitting time and user cost is combined to form a unique distinct. To 

indicate the resource index, they rounded off the real number towards integer 

number. The resource features are not reflected by the resource index. The 
resources index learning may create the particles fly arbitrarily. A 

renumbering scheme is projected to create the guidance highly effective to 

employ the price per unit time measure for resources reordering. The learning 

among particle through resource index is highly reasonable and absolute in 
this manner. To resolve the problem, a multi-objective scheduling model and 

projected a co-evolutionary multiswarm PSO. For“model formulation", 

“objective extension” and towards “algorithm enhancement”, GA is used. 
From GA, the development of relationships is mapped towards PSO and 

ACO. [17] explainsthe Genetic Algorithm by encoding the initial population 

and crossovers and mutation operators in the fitness function. In this method, 
Elitist selection and Replacement of old population techniques are used to 

select solutions so as to move to the next higher generations. Random and 

Roulette-wheel selections are used to perform crossover operation. All the 

operators of GA are used to retrieve the pareto-optimal solutions for various 
size machines. Also, GA is validated against the Greedy algorithm and found 

that GA is having better performance.  

In the IaaS Cloud world, chaotic symbiotic organisms search 
algorithm[18] suggested the solution of a large multi-target task to schedule 

optimization problems. Chaotic optimization strategy seeks to produce a first 

ecosystem (population) and random sequence-based components of uses, 
using chaotic local search strategies in three phases such as mutualism, 

commensalism, and parasitism. 

[19], [20] and [21] minimized the QoS parameters like makespan, 

energy, and round-trip time latency and maximized resource utilization. In 
addition, the communication cost gets minimized in [21].The proposed Moth 

Search Algorithm(MSA) [22] included with Differential Evolution(DE) 

simulates the behavior of moths to fly towards the source of light using the 
concepts photoaxis and Levy flights  that represents the exploration and 

exploitation.  DE improves the population using the three operators; 

crossover, selection and mutation. Hybrid algorithm of MSA and DE resulted 
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in better performance with minimized makespan and enhanced the 

throughput of the cloud system. 
To solve the task scheduling problem in the cloud by considering 

execution time, execution costs, time of contact, communications costs, 

energy usage and resource utilisation the FractionalGreywolf Multi-objectif 

optimization tasks scheduling strategy(FGMTS) has been proposed and a 
study of two cloud configurations and system performance has been 

conducted By combining fractional theory and GWO, convergence was 

strengthened to provide the best solution. With the fitness feature included in 
the proposed FGWO algorithm, the optimum solution is achieved with 

maximised resource usage increasing the profitability of the cloud provider 

and reduced execution[23]. The Modified Fractional Grey Wolf Optimizer 

(MFGMTS) algorithm is used with Epsilon Constraint in cloud environments 
and the penalty cost technique covers such measures as execution time, 

operating costs, contact time, communication costs, energy use and resource 

usage. Moduated MFGMTS updates using an Alpha, Beta and Delta 
combination function, minimising the optimal local issue[24]. 

In order to handle multitask scheduling in IaaS cloud atmosphere, [25] 

has proposed a chaotic squirrel search algorithm(CSSA) which synthesized 
with the messy local search that complemented the squirrel search algorithm. 

This algorithm encourages the velocity of convergence, increased the 

precision of convergence and also retained population diversity. CSSA 

reduced the time consumption, cost, resource utilization and energy 
consumption was found better when compared with other algorithms like 

Hybrid GA-PSO, PSO-BAT and SSA. 

 
2.1.2 Cost Minimization in Heterogeneous Environment 

 

Buyya [26], evaluated the average fitness values and the process 
completion time and computational complexity for a varying number of 

abstract services using adaptive Genotypes based GA whereas in [27] the 

utilization of CPU and GPU has been discussed using Aneka for PaaS 

computing model for the development of Cloud applications using multiple 
programming models like Thread, Task and MapReduce within a single 

container. With an intention to save cost, [28] and [29] carried over by 

optimizing the initial placement of containers, autoscaling the number of 
resources based on clusters’ workload and rescheduling mechanism to 

consolidate into fewer number of VMs, as objectives, implemented with 

plugin-scheduler for Kubernetes platform and achieved cost saving by 58% 

in [28]whereas 23% to 32% reduction in cost is obtained when implemented 
in Nectar [29] by dynamically changing the cluster size and the placement of 

applications.  
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2.2 Scheduling for Provider Efficiency  
 

From provider efficiency purview, there are sizable works over cloud 

resources scheduling in order to cloud resource scheduling organized through 
user’s QoS. Utilization maximization, energy consumption minimization and 

balancing are involved in this field.  

 
2.2.1 Energy Consumption 
 

Generally, in cloud computing environments, minimizing the energy 

consumption is an important factor to be considered. Software-centric and 
hardware-centric approaches are used in reducing the energy consumption.  

Task scheduling is a software-centric approach proposed by Jena with 

MOPSO algorithm in [30] with a reduced energy by 30% and TSCSA 
algorithm in [31] with 10-30% minimized energy consumption for 180-360 

tasks and 20 data centers with whereas with [32] the EATSVM algorithm 

have reduced energy consumption by 14.06% with 50 tasks and 5 VMs. 

Consumption of energy is less with [19] by incorporating a VWOA with a 
VWOA scheduler based on multi-objective model to schedule tasks.  This 

proposed VWOA is compared with WOA and RR algorithms and found to 

have reduced energy consumption which resulted from the reduction of 
makespan, while the [21] used simulated annealing to increase the global 

search space with CSM-CSOSA, a combination of SA and Taguchi method 

in cat swarm optimization which reduces the task execution time/makespan.  
Minimizing Makespan, in turn minimizes the energy consumption in [19] 

and [21]. 

In order to get best possible solution while task scheduling is being 

carried over in cloud environment, exploration and exploitation are combined 
from two heuristic algorithms [33] Non-dominated Sorting Genetic 

Algorithm II (NSGA II) has the ability to expand the search space with 

exploration whereas Gravitational Search Algorithm (GSA) has the ability of 
finding the optima around the good solution by exploitation. A hybrid 

algorithm is designed with NSGA II and GSA; the genetic operators 

crossover(2-point), mutation(random) and selection(crowded tournament) are 
used to select the VM and obtains an optimal solution. Performance of this 

hybrid algorithm observed with minimum response time, less energy 

consumption and minimum execution cost have been obtained.   

 
2.2.2 Load Balancing 
 

In cloud, load balancing [34] is the process of distribution of workload 
equally on the VMs for proper utilization of resources. Load should not be 

overprovisioned / under-provisioned.  [34] discussed about classification of 

load balancing, its metrics, techniques involved were discussed with a 

detailed survey.  Modified ACO has been incorporated with multi-objectives 
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to minimize makespan and to improve the degree of imbalance.All ants are 

randomly presented on processors and will place the pheromone in a 
processor according to its processing speed, amount of traffic, number of 

processors etc. and registers to the VMs and all the ants tends to move to the 

VMs, where more tasks are fed into the more processing VM and less tasks 

to the slow processing VMs. The degree of imbalance and makespan were 
calculated with the proposed system and found to have reduced makespan 

and the workload is balanced. The result of the proposed system is compared 

with ACO, ACO-PSO, FCFS and RR, where MACO yields better 
performance, by varying the quantity of number of tasks from 10,20…100 

tasks. In continuation with [35], to reduce makespan, improve the efficiency 

of task scheduling and to balance the multi-objective tasks, an Modified 

ACO(MACO) has been proposed in [36] and the results is compared with 
ACO, FCFS and RR,  and  MACO have the ability to schedule more number 

of tasks in lesser time span.  

[37] Presents background and load conscious methods using a modified 
genetic algorithm called genetic family (FGA). In view of the different 

workload characteristics submitted from the user, a fault tolerant balance 

technique is implemented with a shift in GA. These working loads presented 
in the application are divided into different groups on the basis of their 

varying attributes, such as scale, the length of the instructions contained 

herein, etc. Compared to other similar strategies, this makes scheduling 

simple and better. FAG maps tasks into VMs that use a GA variation by 
splitting the initial population into parallel families. Selection, crossover and 

mutation with 0.001 are applied for every family as a probability of mutation 

and performance have resulted in decreased equipment, maximum 
productivity and equal load. 

Similarly, sheep flock heredity algorithm [38] is an evolutionary 

approach for job scheduling in cloud which adopts the behavior of natural 
evolution of sheep in the flock. The characteristics of tasks from two 

different machines are mixed and it is considered as the best fit jobs are able 

to reside. The best fit jobs are feed into the chromosomal cross over and 

mutation. For mutation, improved methods like Improved Clonal Selection 
[39] strategies are widely adopted.Then Robust-Replace Heuristic applied for 

generating productive jobs in a minimal time. In this context, the robustness 

of all jobs is calculated and the jobs with highest RR heuristic allowed 
replacing with the new population.  

[39],Proposal of a hybrid algorithm that effectively reduces job 

completion time also enhances the potential for load balancings in the cloud 

by estimating distribution algorithm (EDA) and genetic algorithm(GO). In 
order to produce a precise calculation of viable solutions, the probability and 

sampling method of EDA are used to extend the search solution with the GA 

crossover and mutation operations. This hybrid EDA-GA algorithm deals 
with the multi-objective task planning problem, reducing the completion 
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time, equalising the system load and achieving good convergence speed and 
search power. 

To resolve the problem of scheduling, [40] projected a Multiagent GA 

(MAGA) for resource load balance optimization. A group method depending 
on task attributes was modeled to segment the tasks into cluster or groups for 

task size reduction. An encoding method is used by MAGA with similar 

length as group counts. For every dimension, MAGA does not employ an 
integer to denotethe virtual machine and the respective group is scheduled. 

This is best for mutation and crossover; however, it requires to be 

transformed as an integer while estimating the fitness. For load balance 

optimization of various nodes, [41] uses cloud resource by employing ACO-
based method. They presented that the ACO can select primarily the node 

which comprises of huge neighboring node counts. In highly probable 

direction, the ant can travel to search the additional node which are under 
loaded or overloaded by this manner. The ant will recognize nodes with 

heavy-load and redistribute few loads towards light-load nodes which areEn 

route. Resource utilization is the other provider efficiency oriented 

scheduling objective with load balancing. To implement the user task, [42] 
used to choose accurate physical resources using ACO. To assign resources 

of heavy-load towards task, this selection method is used in order to conserve 

resources. To generate load balancing, each ant does not attempt to choose 
the light-load resource in this approach; however, to choose the resource of 

heavy-load for resource utilization maximization. Through cloud resources 

scheduling, [43] enhanced the utilization of cloud resources depending on 
hybrid method comprising of PSO and ACO. To choose the appropriate 

resources for various tasks, this method employs ACO as major procedure. 

With resource node, the pheromone is linked. The node pheromone is 

minimized while the resource node is chosen as novel arrived task. Into local 
optimum, it states that ACO might get trapped and therefore PSO process 

hybridization is used to prevent ACO prematurity. To compute positions and 

particle velocities in the PSO in which they does not employ real numbers 
however employed mutation and crossover operations such as in GA to 

merge the search data of optimal solution, globally, particle itself or personal 

optimal solution. The provider efficiency oriented scheduling is the other 
objective in order to conserve the cloud center energy utilization. Mainly in 

huge scale cloud resource scheduling, [44] demonstrated that the tradition 

GA exhibits slow performance.  

Fuzzy Logic and PSO(FLPSO) algorithm is introduced in [45] which 
schedules the task in cloud with a novel architecture having dynamic queues. 

The proposed architecture works out by getting all the tasks in a queue; once 

all the tasks has arrived, the optimization waiting time algorithm, the waiting 
time is calculated for all the tasks and returns the minimum value to the 

queue.    Task Scheduling based on Dynamic Queues algorithm(TSDQ) 

calculates the sum of task length until it arrives a threshold. If the threshold is 

not satisfied then, TSDQ will create dynamic queues on the basis of decision 
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threshold. Task scheduling is done thereafter from each dynamic queue. 

TSDQ-FLPSO provides reduced makespan, minimizes the waiting time and 
improved resource utilization.  

For GA evolution direction guidance, they projected the scheme of 

shadow price. To denote the cloud resource energy utilization, the shadow 

price method is employed. When comparing with the conventional GA-based 
scheduling method, the projected GA-based resource scheduling method is 

quick in the experiments to minimize the energy utilization. In case 

ofmultijobs, [46] categorized the tasks which comprise “Reduce tasks” and 
“Map tasks” depending on the structure of provider Google’s massive data 

processing. For energy utilization optimization, these tasks were scheduled 

through a changed GA with local search. For scheduling the energy 

conservation tasks, a hybrid method is projected through [47] which merged 
the Cuckoo Search (CS) and ACO. In spite of heuristic data, this method 

employs ACO as a major structure to search the subsequent resource for task. 

The researcher's aims at unique optimization objective oriented to the cloud 
provider in the previously discussed work. To derive Pareto solutions 

towards minimized energy utilization, maximal provider profits and 

minimum CO2 emission. But, from Feitelson’s Parallel Workload Archive, 
the method has been examined with realistic workload traces. 

 
2.3 Scheduling for Negotiation  

 
The cloud computing is used in order to prevent the resource 

inefficiencies and have cost savings. Depending on various SLAs or times of 

day, cloud service providers have modifying computing instances pricing. 
When compared to reserved instances, on-demand instance might be highly 

expensive. Priory, the user must predict the demand patterns or workload to 

pay higher and to give corresponding workload requests towards “cloud 
broker” which can combine the need and share the workloads. The difficulty 

is optimization issue which includes numerous aimswith both ends of 

demand and supply chain wherever the attributes like performance, capacity, 

pricing and load types modifies continually. At present times, there is more 
attention at scheduling resources through provider efficiency or user QoS 

objectives in application layer, as there are reports that aims to effective 

cloud resource scheduling as both the cloud provider’s and cloud user’s 
objectives might met in tandem. This is known as scheduling oriented 

through negotiation.  

A GA-based method with similar encoding method is used in [48]. 

Through merging the VM availability and user QoS satisfaction, they 
described the fitness function. A solution is gained through the scheduling 

method that has superior negotiation among cloud providers and users. For 

cloud provider objective, the load balance is combined and for cloud user 
objective, makespan is combined additionally. The process of scheduling in 
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cloud with negotiation has been carried through a Multi-agent model [49] 
which incorporates many-to-many negotiations based on an extended net 

protocol, also takes into account the dynamic arrival of tasks. The roles of 

various agents involved in the cloud environment and the process of task 
scheduling has been analyzed. In scheduling, that is, negotiation-oriented, 

ACO had been employed. For cloud providers, the main concern is 

operational cost and power energy utilization whereas for cloud users, 
response time and throughput is the major concern. In cloud computing 

environments, the adaptive approach is power-efficient ACO method which 

can schedule dynamically the resource towards host services over minimum 

server resources counts. Through this manner, data center energy savings and 
cloud users at SLA might be fulfilled. Through assuming negotiation among 

provider and cloud user, next approach is search guidance while creating 

ACO negotiation.  
Negotiation-oriented scheduling example is that among the cloud 

provider and cloud user, wherever energy utilized by the performance and 

cloud provider were given as twofold objectives while the cloud resource 

scheduling is in SLA negotiation. By employing two-population-based PSO 
method, the objectives depends on cloud provider and user are projected 

separately. With every generation by generation, two populations transform 

the solutions, therefore allowing negotiations among cloud provider and user. 
Through allowing equilibrium theory towards negotiation, few studies had 

been carried out of resource scheduling. Depending on market mechanism 

balancing cloud provider supply and user demand were described as an 
equilibrium state in few researchers. To resolve the problem of cloud 

resource scheduling, they projected the technique of GA-based price 

adjusting to enhance resource consumption and to enlarge both cloud user 

and provider benefits. To form a bi-level programming, Stackelberg 
equilibrium is defined in [9] which might be employed to resolve the 

problem of decentralized decision-making that arise from cloud users and 

providers. For searching the Stackelberg equilibrium solution, a simplified 
swarm optimization is projected. For resource scheduling, the user QoS 

satisfaction is needed in market oriented cloud computing, other factors and 

profit optimization for the providers are needs to be considered. For cloud 
resources scheduling, they modeled ACO-, PSO- and GA-based 

metaheuristic techniques to reduce the entire execution cost. To find Pareto 

solutions, energy consumption and makespan are used as multi-objectives of 

cloud provider and user and modeled a GA with multiparent crossover 
operator. A comparison of reviewed methods is given in Table 1. 
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Table 1. Comparison on Scheduling Methods 

Algorithm Objective 
Common Comments 

advantages/disadvantages 

Experimental 

Environments 

Experimental 

Scale 

Compared 

Results 

GA [7] Makespan 
Simple logic algorithm. Without 
a cloud environment, it is only 

over numerical simulations 

Numerical 
simulation 

2 tasks 
2 resources 

NA 

GA [8] Makespan 
To enhance the speed use Min-

Min and Max-Min as two 
solutions. 

Cloud simulation 
10–40 tasks 

10–40 resources 
Conventional 

GA 

GA [50] 

Makespan, 
bandwidth, 

cost, 
distance and 

reliability 

Employs local search at SA and 
merges various QoS through 

weight. No comparison of  cloud 
environment 

Numerical 
simulation 

20 tasks 
8 resources 

NA 

GA [51] 
Makespan, 

cost 

Merges together cost and 
makespan and employs GA 
parameters adaptive strategy 

Cloud simulation 
50 tasks 

50 resources 

CGA and 

AGA 
assume 

only cost/ 
makespan 

GA [52] 
Makespan, 

cost 

Between tasks, assume 
precedence condition; but 
infeasible solution can be 
generated by simple GA. 

Cloud simulation 
20–50 tasks 

5–15 resources 

Best 
Resource 
Selection 

(BRS) 

GA [9] 

Makespan, 

Availability, 
cost and 

reputation 

Considers database, VM and 

network resources; through 
weights merge various QoS 

to formulate theobjective 

Numerical 
simulation 

6–120 tasks 
3–20 resources 

Random 

selection and 
Exhaustive 

search 

GA [46] 
Makespan, 

cost 

For makespan optimization, 
primarily use dynamic objective 
method and then towards cost 

optimization. 

Numerical 
simulation 

100 tasks 
30 resources 

PSO 

GA [47] 
Makespan, 

Communicat-
ion cost 

Used to retrieve Pareto-optimal 
solution 

Cloud Simulation 
150 tasks 

10 resources 

Elitist selection 
& Replacement 

of old 
population 

GA [11] 
Makespan, 

cost 

Designed the multi-objective 
scheduling as optimization issue 

and employs the well-
knownNSGA-II 

Amazon Cloud 
25–1,000 tasks 

2–128 resources 
GA PSO 

ACO [12] Makespan 

To optimize makespan, provide 
time slot data into pheromone, 
however does not assume the 

fault tolerance 
Problems 

Google App 
Engine, MS 
Live Mesh 

25 tasks types 

Conventional 
ACOMicrosoft/

Google resource 
allocators 
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ACO [53] 

Reliability, 
cost, 

makespan and 
security 

Merges various QoS through 
weight. No comparison or cloud 

environment 

Numerical 
simulation 

10 tasks 10–50 
resources 

NA 

ACO [42] Makespan 
Assume task priority; enable 

users to describe the objective 
Cloud simulation 

20–100 tasks 
8 resources 

Random 
distribution 
technique 

PSO[54] Cost 

Assumes data transmission and 

computation cost. But, PSO 
encode does not assume the 

resources variances. 

Amazon Cloud 
5 tasks 

3 resources 
BRS 

algorithm 

PSO [14] Cost 
For probable solution 

initialization, employ random 
search of adaptive greedy 

Amazon Cloud 
50–300 task 

3–20 resources 

Conventional 
PSO BRS 
algorithm 

PSO [6] 

Makespan, 
reliability and 

cost 
 

Employ a PSO which is set-based 
discrete however one objective is 

assumed every time. 

Numerical 
simulation 

9–120 tasks 
6–10 resources 

Markov decision 
process 

ACO 

PSO[55] Cost 

Deadline condition describes the 
makespan. Assume both the 

communication and 
computational cost. 

Cloud simulation 
50–1,000 tasks 

6 resources 
SCS IC-PCP 

PSO[56] Cost 
To generate learning between 

efficient particle, employs 
renumbering method. 

Numerical 
simulation 

200 tasks 
10 resources 

PSO 

PSO[57] Cost Use renumber strategy 
Numerical 
simulation 

100 tasks 
10 resources 

Renumbering 
PSO 

 

 

Big data workloads recently produced the need for a new computational 
class, which includes many short computations that process large quantities 

of data in seconds or minutes. The efficacy of the work scheduler 

demonstrates a basic limit of productivity for both supercomputers and Big 

Data Systems. Comprehensive scheduler calculation and modelling is 
necessary to optimise the results of a large-scale computing system. Reuther 

[50-59] provides 15 supercomputers and big data planners with a detailed 

feature analysis. A theoretical model of these schedulers' latency has been 
developed and used to build experiments to evaluate scheduler latency. In 

mobile cloud computing, a new optimum scheduler technology[60] with 

lower range and contact time was developed for offloaded tasks. 
Workflowsim method for optimal mapping is used. The algorithms such as 

MAXMIN, MINMIN, FCFS, DATA or HEFT have been designed for 

various workflows. For validation, studies are performed with homogenous 

virtual machine configurations and heterogeneous cloud computing 
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configurations. In addition new queuing models are developed to schedule 

jobs in the task queue for improved flexibility and availability.More 
significantly, queuing models like Round Robin, FIFO and M/M/1 queuing 

model are currently developed [61].  

 

3 Cloud and the Pandemic COVID19 
 

For the earlier diagnosis and care by using medical technology, [62] 
nCapp-COVID19 Intelligent IoT-based diagnosis and treatment support 

programme have been introduced for online, real-time cloud communication. 

Intelligent diagnostics and treatment assistant programmes. IoT, along with 

medicine, MIoT, has a complete vision, efficient communication, and 
intelligent processing by three simple processes. The nCapp has 8 functions 

on a smartphone, as well as We Talk co-ordinates labor-sharing in diagnostic 

and treatment division in 1, 2, and 3-stage hospitals, and has 3-tier linkage 
between experts, primary doctors and service providers with the basic 

functions of IoT, the 3-story link of nCapp diagnostics and treatment 

systems. Simultaneously[63] addresses the challenges in identifying 

strategies for adapting the conventional technical methods and increasing 
geographical information system(GIS) speed and accuracy; offers a detailed 

technological route for data planning, platform design, modelling and map 

development. In order to build a spatiotemporary cubes model and a 
computer framework, the epidemic with the latest generation of native cloud 

architecture is expected and visualised, a three-tiered infrastructure with the 

back-up, the spatiotemporal big data management platform as the middle 
ground and the application for this epidemic. The 3-tier architecture is used 

for both[62] and[63] the diagnosis. 

Due to the pandemic COVID-19, face-to-face classes in educational 

institutions had stopped, whereas online / web-based education is carried 
over with the help of tools like courser, Edux, and educational portals 

Udemy, Linuxacademy, Pluralsight etc. Google class room is one of the most 

usedlearning environment for online education. The various online education 
platforms and the tools have been discussed in [64], whereas [65] deals with 

availability of web-based teaching resourcesthat are being utilized by 

colleges and Universities with cloud platform technology which in turn 
increased a high demand for optical fiber and 4G network communication 

technology to be equipped by the educational institutions so that web-based 

education can be entertained according to the latest arena. In both [64] and 

[65], the merits and demerits of online education have been discussed along 
with the modifications to be carried out to have uninterrupted education.  

The autonomous logistical vehicle Hercules[66] works on the basis of 

two parts, with a software interface for the vehicle functions, centralised 
diagnostic services and a controlled energy delivery and recovery system of 
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brakes. In order to avoid and monitor COVID-19 spread, it can transmit to 
each individual person and carry out day-to-day activities. Second, the map 

server, the scheduling server, log and simulation servers are part of software 

platforms on the cloud. The map server stores the map for the areas that have 
been traversed. Task assignment and status of all registered operating 

vehicles are gathered from a scheduling server, the map data is also accessed 

for routing, the sensor is transmitted to the map server and the main 
information is documented in a log server. 

 

4 Conclusion 
 

The ultimate aim of cloud planning is resource efficiency, as services are 

delivered as a service. The preparation of cloud services for cloud users in 

the app layer is therefore a major subject in cloud resource management and 
analysis planning. Minimizes successful resource planningcomputation cost, 

computation time, energy utilization and considers QoS necessities such as 

reliability, security, availability and scalability. In this paper, the existing 
techniques are reviewed under the partitioning of three ways namely 

scheduling for user QoS, scheduling for provider efficiency or scheduling for 

negotiation subcategories. 
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