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Abstract: Due to diversity of services with respect to technology and resources, it is challenging to choose virtual machines 

(VM) from various data centres with varied features like cost minimization, reduced energy consumption, optimal response 

time and so on in cloud Infrastructure as a Service (IaaS) environment. The solutions available in the market are exhaustive 

computationally and aggregates multiple objectives to procure single trade-off that affects the solution quality inversely. This 

paper describes a hybrid algorithm that facilitates VM selection for scheduling applications based on Gravitational Search and 

Non-dominated Sorting Genetic Algorithm (GSA and NSGA). The efficiency of the proposed algorithm is verified by the 

simulation results. 
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1. INTRODUCTION 

Cloud computing is a novel technology used for computing and enrich the dynamic user experience in 

accessing virtual resources and offer trustworthy and consistent services. Virtual resources that are scalable and 

shared such as services, storage and servers are provided by cloud computing. It is necessary to establish a 

proficient load balancing algorithm for effective and efficient utilization of cloud computing. This is the major 

objective of service providers.  In order to meet the growing demand and to satisfy the principles of virtualization, 

it is essential to develop an improved task scheduling algorithm.  

Task scheduling algorithm helps in meeting job requirements while reducing the completion period with the 

available resources, improving the load balance and achieving high system throughput. In normal task scheduling, 

the virtual machines are scheduled with a set of predefined number of tasks, whereas in cloud computing 

resources, since the user pays for the resources on time basis, task scheduling is of prime importance. The primary 

goals of cloud based scheduling schemes are minimizing task execution time, minimizing task transferring time, 

decreasing task execution cost, reducing makespan, ensuring user-level QoS in task execution by meeting the 
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SLA , increasing elasticity, increasing resource availability, balancing of load and reduces energy consumption 

[2]. 

This paper recommends a task scheduling algorithm which is energy efficient, can calculate the total 

utilization as well as completion time of tasks and make scheduling decisions by normalizing them. In comparison 

with the existing algorithms such as Dynamic Cloud List Scheduling (DCLS), Round Robin (RR), Energy-Aware 

Task Consolidation (ETC), MaxUtil and Energy-Conscious Task Consolidation (ECTC), the proposed algorithm 

offers better performance and efficiency.  

It provides a combination of Green Supply Chain Management with a combination of Fuzzy Set Theory and 

Grey Theory, Green Product Decision and Deletion with Neighbourhood Rough Set Theory (NRSI), Fuzzy 

Cluster Means (FCM) and Cumulative Prospect Theory (CPT) and Green cradle to cradle performance evaluation 

system. We use synthetic datasets and modified benchmarks to perform an extensive simulation of the algorithm. 

Implementation and assessment of simulation results with suggested algorithm and evaluation of energy 

consumption and makespan of the algorithm. 

2. EXISTING LITERATURE 

Ketaki Naik et al [2] performed a complete analysis of the cloud computing scheduling schemes that are 

based on Particle Swarm Optimization (PSO). These schemes are classified based on the algorithm type and 

further analysis is done elaborating the improvement of PSO algorithm in each scheme and its integration to 

provide solutions to scheduling issues. Execution time, cost, load balancing, makespan and other factors are also 

compared for these schemes. 

In cloud Software as a Service (SaaS) environment, Atul Vikas et al [3] proposed a task scheduling algorithm 

that is multi-objective and satisfies the SLA (Service Level Agreement) while reducing the cost and improving 

the data centre throughput when mapping tasks to VMs. When traditional algorithms perform task scheduling 

considering a single criteria, the proposed algorithm in this paper provides optimal scheduling and considers 

multiple criteria such as cost, user bandwidth, and execution time and so on.  

Syed Hamid et al [4] recommended adoption of heuristic algorithm in IaaS environment as a standard for 

comparison for an algorithm that can resolve and enhance task scheduling and other related issues. Heuristic 

algorithms are simple and easy to implement and thus provides optimal and rapid outcome. Further optimization 

can be achieved in IaaS environment by combining meta-heuristic algorithm along with heuristic algorithm as 

they complement each other overcoming mutual drawbacks.  
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Nima Jafari et al [5] presented the Cuckoo Search Algorithm (CSA) for task scheduling in cloud computing 

environment. This technology combines the flight behaviour of fruit flies and some birds along with the obligate 

brood parasitic behaviour found in certain cuckoo species. When the probability of the ‘n’ nest ‘pa’ value is low, 

the algorithm offers high coverage and speed. Jocksam et al [6] proposed a solution to reduce processing time in 

task scheduling and resolve partitioning problem by using a combination of metaheuristic genetic algorithm (GA) 

and static algorithm.  

Arunarani et al [8] performed a survey of over 60 available task scheduling techniques highlighting their time 

complexity, limitations, reliability and availability. Every method has its own pros and cons and works on diverse 

applications like load balancing, resource allocation and task scheduling. Every algorithm presented has its own 

efficiency and provides scope for enhancement. Certain notable limitations in these algorithm includes delay, 

computational complexity, overloading and maximum scheduling time. The major techniques used in these 

algorithm includes QoS, Ant, PSO, GA, ACO, Fuzzy, clustering and so on.  

3. PROPOSED WORK 

Task scheduling and selection of virtual machines are the major functions in optimization when dealing with 

multi-objective processes. The processing speed of the task is represented by p, bandwidth by s, storage space by 

r and memory size by q. Figure 1 represents the chromosome encoding. For optimization of the genetic operators, 

we consider mutation, crossover and selection.  

 

Figure 1: Chromosome encoding 

Table 1: Computation of Energy Consumption using GSA and NGSA algorithm:  

 GSA Algorithm NSGA Algorithm 

Step 1 

 

Produce N virtual machines based Initial 

Population 

Produce Preliminary population arbitrarily and by 

GSA 

Step 2 Compute fitness of every individual VM 

using 

 𝐸𝐶 = ∑ ∑ 𝑒𝑖𝑗 × 𝑥𝑖𝑗
𝑛
𝑖=1

𝑚
𝑗=1  

Where eij denotes energy consumption while 

execution of task i on VM j. 

Compute objective fitness of every individual 
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Step 3 Compute Best and Worst fitness value using 

𝑤𝑜𝑟𝑠𝑡(𝑡) = 𝑚𝑎𝑥𝑏=1
𝑁 {𝑓𝑖𝑡𝑏(𝑡)} 

𝑏𝑒𝑠𝑡(𝑡) = 𝑚𝑖𝑛𝑏=1
𝑁 {𝑓𝑖𝑡𝑏(𝑡)} 

where t is time (iteration), fitb denotes the 

fitness value of the bth particle, Mb is 

the normalized mass and N is the number of 

particles 

Crossover is applied on parent and generate a new 

population of the similar size 

Step 4 Apprise Gravitational Constant G Apply mutation on the new population and revise 

the new population. 

Step 5 Estimate mass of individual virtual machine 

using 

𝑚𝑏(𝑡) =
𝑓𝑖𝑡𝑏(𝑡) − 𝑤𝑜𝑟𝑠𝑡(𝑡)

𝑏𝑒𝑠𝑡(𝑡) − 𝑤𝑜𝑟𝑠𝑡(𝑡)
 𝑏 = 1,2 … . 𝑁 

𝑀𝑏(𝑡) =
𝑚𝑏(𝑡)

∑ 𝑚𝑐(𝑡)𝑁
𝑐=1

 0 ≤ 𝑀𝑏(𝑡) < 1 

Select the greater individuals from the parent and 

the new population to form the offspring with the 

individuals 

Step 6 Estimate acceleration matrix using 

 𝑎𝑏
𝑑(𝑡) =

𝐹𝑏
𝑑(𝑡)

𝑀𝑏(𝑡)
 

Review the Pareto front solution 

Step 7 Estimate the velocity and positions of virtual 

machines using 

𝑉𝑏
𝑑(𝑡 + 1) = 𝑟𝑏 × 𝑉𝑏

𝑑(𝑡) + 𝑎𝑏
𝑑(𝑡) 

𝑋𝑏
𝑑(𝑡 + 1) = 𝑥𝑏

𝑑(𝑡) + 𝑉𝑏
𝑑(𝑡 + 1) 

Go to step 2 

Step 8 Repeat until stop condition met - 

The GSA search space contains particle sets termed as masses that offers solution to optimization issue and 

is located as a point in space. The NSGA can perform exploration by expanding the search space. The major 

characteristics of this algorithm are low computational complexity, parameter-less diversity preservation and 

elitism. The combination of these algorithms and the features allow achievement of cost reduction and 

minimization of response time with reduced energy consumption. CloudSim simulation toolkit is used for 

simulation purpose. It facilitates features like scheduling policies, virtual machine and data centre.  

4. RESULT 

We use a cloud simulator for the purpose of setting the parameters. Virtual Machines, Microprocessor without 

Interlocked Pipelined Stages (MIPS), Virtual RAM, bandwidth, processing elements required and so on are 

predefined and represented in the table 2. The analysis is done for both homogeneous as well as heterogeneous 

environment. Comparison of algorithms like Sufferage, Min-min, Max-min, Minimum Execution Time (MET), 

Minimum Completion Time (MCT) and First Come First Serve (FCFS) are done. The cost, degree of imbalance, 
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makespan and throughput factors are analysed in homogenous environment. The cost based on HPC2N and NASA 

datasets, left-skewed, right-skewed, normal and uniform distribution are analysed in heterogeneous environment. 

Table 2 Cloud Simulator parameter initialization 

Type Parameter Value 

Data Center Host count 8-10 

User Count 20 

Virtual Machine Virtual Machine Count 80 

Policy type Time Share 

MIPS 500-4000 

RAM 1024-2048MB 

Bandwidth 500-1000b 

OS Linux 

Tasks Task count 2500-4000 

Task length 15k-25k MI 

PE count 4-15 
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Figure 2: Cost vs. Average response time graph 

 

Figure 3: Energy consumption vs. Cost comparison 

The major factors considered here are energy consumption, cost and response time. From the above graphs, 

it is shown that the proposed algorithm offers optimal solution in all the three areas efficiently. The utilization and 

completion time provides the minimum normalized value total. Mapping of every individual task is done with all 

the resources prior to assigning the task. Makespan and energy mitigation is done as the algorithm emphasizes 

utilization value as well as completion time.  

5. CONCLUSION AND FUTURE SCOPE 

In IaaS environment, the proposed method offers efficiency and improved performance in consideration of 

energy consumption, execution cost and response time. This system overcomes the drawbacks like computational 

exhaustiveness and multiple objective aggregation of the existing systems. The GSA algorithm performs 

shortlisting of virtual machines with low power consumption whereas the NSGA assists in selection of VM with 

low execution cost and response time. Simulation results prove the efficiency of the proposed algorithm.  

Heuristic algorithm are easy to implement and are simple. This feature makes the algorithm faster and provide 

optimal outputs. It is essential to ensure minimal execution time for the overall algorithm. The algorithm offers 

strong global as well as local search capabilities and offers faster convergence of the outputs.  Future work 

involves power consumption reduction in cloud data centres, implementation of green cloud computing and load 

balancing.  
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