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Abstract: — The rapid growth of the computational requirement need to develop effective and efficient technologies for serving 

better. In various research domains in computational cloud the security, resource utilization and energy preservation are the main 

area of research and development. In this paper we are going to discuss the capability of optimization algorithm for scheduling the 

resources and allocating the virtual machines for improving the performance and energy efficiency of the computational cloud. 

Therefore the detailed discussion on the required objectives and the solution formulation is provided. In further the simulation 

technique of the proposed model and their results are also reported for analysis. According to the gain performance and 

experimental observations the proposed technique is suitable for both the kinds of resource scheduling and optimization. 

 

Index Terms:-- cloud computing, green computing, scheduling and optimization, ACO 

 

 
I. INTRODUCTION 

In computational evolution step based progress is 

adopted for improving the computational experience. 

Therefore the history of computer development is a huge 

literature. Now in these days the cloud computing is used 

for the requirements of high performance computing and 

scalable storage space. That supports the plug and play 

method, to use the resources available in this 

computational infrastructure. This computing technique is 

termed as infrastructure because the entire resources i.e. 

hardware and software both are sharable. In addition of 

that for suitably use and manage the entire services are 

delivered on the basis of their three layers of service 

models, namely IaaS (infrastructure as services), PaaS 

(platform as service) and SaaS (software as services). On 

the other hand to deploy the services the public, private 

and hybrid concepts are used [1]. 

 This technology is comparatively new domain of 

computing and data storage. Thus, in this technology the 

security, performance and energy consumption are the key 

area of research and development. In this context the 

proposed work of investigation is focuses on the energy 

efficiency and the improvement of the computational 

ability. Therefore in this presented work the load balancing 

and the scheduling techniques are explored for scheduling 

the cloud resources and the also investigated the VM 

(virtual machine) scheduling techniques. After evaluation 

of the different techniques of scheduling of resources and 

VM, a new scheduling technique based ACO (ant colony 

optimization) is proposed. Additionally their effectiveness 

using the cloud environment is computed. 

II. PROPOSED SYSTEM 

 This section provides the complete discussion about 

solution development and also provides the steps process 

to improve the current issues and challenges for optimizing 

the performance of the computational cloud.  

A. System overview 

 A significant amount of growth on computational 

domain is observed in recent years. Not only workstations 

are now in these used for computing small and medium 

size of devices such as laptops, Tabs and mobile phones 

are also enabled for computing and data access. This 

becomes feasible due to increasing the awareness and 

advantages of the digital world. Due to this not only 

professionals, the normal people are also usages the 

computational devices. Thus a huge traffic is increases on 

the internet based services and their consumptions. In order 

to deal with the requirements of the new generation 

computing a new computational infrastructure is 

introduced as cloud infrastructure. That becomes much 

popular in a less amount of time but there are also some 

possibilities to improve them are remaining. 

 Therefore this work is focused on improving the 

traditional computing technique available in cloud 

computing for enhancing the computational resource 

optimization, and achieving the energy preservation. 

Therefore the following key areas are selected for design 

and simulation methodology. 



 

 

   

ISSN (Online) 2394-2320 
 

International Journal of Engineering Research in Computer Science and Engineering  

(IJERCSE)  

Vol 4, Issue 3, March 2017 
 

 

                 44 

 

 

1. Investigation of load balancing techniques in 

different computational environment: initially the 

core focuses of the proposed study work is made on 

the load balancing techniques for improving the 

computational ability of the technologies first a 

survey on load balancing technique [2] is performed 

after that for finding the core issues in distributed 

computing the load balancing and process 

management techniques in grid computing is studied 

[3]. For finding the effective techniques of load 

balancing the Diffusion Method for load balancing 

[4] and Nearest Neighbor Algorithm for Load 

Balancing [5] techniques is also studied. 

2. Investigation of resource scheduling techniques 

for improving the computational performance: 
after conducting the different experiments and 

evaluation of different literature it is observed that if 

the process execution is optimized then the 

computational efficiency of the computing is 

maximized. Therefore here required to find a 

suitable optimization technique for scheduling the 

resources according to workload. Due to schedule 

the resources in cloud ABC algorithm based 

technique is investigated [6]. ABC (artificial honey 

Bee colony) algorithm is a genetically inspired 

algorithm that usages the Meta heuristic for 

optimizing the resource consumption. By inspiring 

this article the further work is extended to develop 

more effective technique using ACO (ant colony 

optimization) technique for improving the resources 

scheduling. 

3. Investigation of VM scheduling approach for 

energy preservation in computational cloud: the 

cloud computing is also suffers from the huge 

amount of energy consumption and the green effect 

issues. Therefore the technology of green computing 

is established for optimizing the energy 

consumption. In literature different techniques are 

available that utilizes the scheduling techniques for 

VM (virtual machine) in data centers for preserving 

the energy. Therefore the proposed technique of 

scheduling is also employed in data centers VM 

scheduling to improving the energy preservation. 

B. Methodology  

 This section is providing the new technique that is 

developed for optimizing the resources or the VM (virtual 

machine) allocation. The scheduling process is utilizable 

for both the issues when it is applied for resource 

scheduling with the task list it results the maximization in 

process execution and minimizing the resource 

consumption. Similarly when it applied with the data 

centers VM (vertical machine) and task list then improves 

the energy consumption. Therefore the entire process is 

divided in the following three phases: 

1. Input module: it is the initial process of the proposed 

system model for simulating the scheduling effectiveness. 

In this phase the resource list or the VM (virtual machine) 

resource list is accepted as input. In order to denote the 

resources of the computational cloud in both the context 𝑅 

symbol is used where the 𝑅 = {𝑅1, 𝑅2, … , 𝑅𝑁} list of 

resources additionally the 𝑁 = 1, 2, … number of resources 

in list. In the similar manner these resources are need to be 

schedule in such manner by which the maximum jobs or 

task is executed with the minimum resources. Thus the list 

of jobs or task is defined using 𝑇 symbol, where the 

𝑇 = {𝑇1 , 𝑇2 , … , 𝑇𝑀} is a list of task or jobs selected for 

scheduling and 𝑀 = 1, 2, … number of jobs in list to be 

process. 

2. Encoding: this concept of the encoding is inherited from 

the quantum physics. In this quantum physics for solving 

the problems the problem quantization technique is 

utilized, during this process problem is encoded in a binary 

string and then after the most optimum sequence or 

solution is selected which provides the most effective 

solution for optimization problem. In this context both the 

list contains the part of problem, in other words the by 

using both the list a final solution can be distinguishable. 

Therefore first part of the problem namely resource list is 

considered as 𝛼 set of problem and task or job list is 

considered as the 𝛽 set of problem such that: 

𝛼 = 𝑅1, 𝑅2, … , 𝑅𝑁 

𝛽 = 𝑇1 , 𝑇2 , … , 𝑇𝑀  

From both the list the unique values are selected and two 

different sets are generated as: 

𝑃𝛼 =  𝑈𝑅
1 , 𝑈𝑅

2 , … , 𝑈𝑅
𝑁  

𝑃𝛽 = {𝑈𝑇
1 , 𝑈𝑇

2 , … , 𝑈𝑇
𝑁} 
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In this phase the user interaction is required to provide 

input the number of population for generating the 

solutions. Therefore user passes two parameters length of 

population and number of population. By using these two 

parameters and the unique value sets 𝑃𝛼  and 𝑃𝛽 . The 

similar length and similar amount of population or new 

solutions are generated. For example that can be given as: 

For input solution length 𝑙 and the number of 

population 𝑛𝑝. Table 2.1 contains the example generated 

population for 𝛼 sequences and for 𝛽 is given using table 

2.2. 

𝛼1 = 𝑅4, 𝑅2, … , 𝑅𝑙  

𝛼2 = 𝑅1, 𝑅5, … , 𝑅𝑙  

𝛼𝑛𝑝 = 𝑅3, 𝑅2, … , 𝑅𝑙  

Table 2.1 Example 𝜶 sequences 

𝛽1 = 𝑇1 , 𝑇4, … , 𝑇𝑙  

𝛽2 = 𝑇3 , 𝑇5 , … , 𝑇𝑙  

𝛽𝑛𝑝 = 𝑇4 , 𝑇2 , … , 𝑇𝑙  

Table 2.2 Example 𝜷 sequences 

After preparing both the list of solution sequences 

according to the generated population as described using 

table 2.1 and 2.2 the pairing of solutions are performed for 

encoding the data. But before doing this, it is need to 

normalize the both the list for providing the data in similar 

range. Thus the min max technique of data normalization is 

used, by using following formula [9]. 

𝑉𝑛𝑒𝑤 =
𝑉 − 𝑚𝑖𝑛

𝑚𝑎𝑥 − 𝑚𝑖𝑛
 

Where the V is the value available in list 

Min is the minimum value in list 

Max is the maximum value in the list   

𝑉𝑛𝑒𝑤  is the new computed value of V between range 0-1. 

 

After normalization process the following process is 

executed for finding the encoded list of problems. 

1. 𝑓𝑜𝑟 𝑖 = 1; 𝑖 ≤ 𝑙; 𝑖 + +  

a. 𝑖𝑓(𝑅𝑖  𝑠𝑒𝑡𝑖𝑠𝑓𝑦 𝑇𝑖) 

i. Return 1 

b. Else 

i. Return 0 

c. End if 

2. End for  

Table 2.3 Encoding Process 

This process return the outcome as defined in figure 2.1 

[7]. After encoding the similar amount of encoded 

solutions are prepared as the amount of population size 𝑛𝑝 

is accepted by the user. After this process the optimization 

on the solution is performed for finding most appropriate 

solution combination. The process of ACO based 

optimization is described in next section. 

3. Optimization: In many ant species, ants walking from or 

to a food source, deposit on the ground a substance called 

pheromone. Other ants are able to smell this pheromone, 

and its presence influences the choice of their path, that is, 

they tend to follow strong pheromone concentrations. The 

pheromone deposited on the ground forms a pheromone 

trail, which allows the ants to find good sources of food 

that have been previously identified by other ants [13].  

 

Figure 2.1 Encoding 

Ant behaviour is shown in Figure 2.2. Using random walks 

and pheromones within a ground containing one nest and 

one food source, the ants will leave the nest, find the food 

and come back to the nest. After some time, the way being 

used by the ants will converge to the shortest path [8]. 
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Figure 2.2 Ant Behaviour 

1. Ants in a pheromone trail between nest and food; 

2. An obstacle interrupts the trail; 

3. Ants find two paths to go around the obstacle; 

4. A new pheromone trail is formed along the 

shorter path. 

When ants move from point A (source) to point B 

(destination), ants leave a chemical, pheromone, to mark 

these paths. This helps the following ants to find the way 

of their team members as they detect pheromone and 

choose, in probability, paths having greater concentration 

of pheromone. The algorithm is based on adaptively 

adjusting the pheromone on routes at each node and is 

shown in Figure 2.3. Choice of this node is guided by a 

probability based selection approach. The ants are driven 

by a probability rule to choose their solution to the 

problem, known as a tour. The probability rule between 

two nodes j, called Pseudo-Random-Proportional Action 

Choice Rule, and it depends on two factors: the heuristic 

and meta-heuristic. 

𝑃𝑖𝑗 =
𝜏𝑖𝑗

𝑎𝜂𝑖𝑗
𝑎

 𝜏𝑖𝑗
𝑎𝜂𝑖𝑗

𝑎
∈𝑠

 

 

Figure 2.3 ACO Algorithm 

 Where τ is the pheromone, η is the inverse of the 

distance between the two nodes. Each ant modifies the 

environment in two different ways: 

Local updating: As the ant moves between nodes it 

updates the amount of pheromone on the edge by the 

following equation: 

𝜏𝑖𝑗  𝑡 =  1 − 𝜌 . 𝜏𝑖𝑗  𝑡 − 1 + 𝜌𝜏 

Where, 𝜌 is the evaporation constant. The value 𝜏0 is the 

initial value of pheromone trails and can be calculated as: 

𝜏0 =  
𝑛

𝐿𝑛

 − 1 

Where, n is the number of nodes and 𝐿𝑛 the total distance 

covered between the total nodes, produced by one of the 

construction heuristics. 
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Global updating: When all ants have completed all the 

nodes that find the shortest path updates the edges in its 

path using the following equation: 

𝜏𝑖𝑗  𝑡 =  1 − 𝜌 . 𝜏𝑖𝑗  𝑡 − 1 +
𝜌

𝐿+
 

Where, 𝐿+is the length of the best path generated by one of 

the ants. 

The finally best fit solution is used for both the purpose for 

allocating resource and allocation of VM (virtual machine). 

The algorithm is developed here successfully for utilizing 

with both the scenarios. 

III. SIMULATION 

This section provides the implementation details that are 

used for implementation and design of the proposed 

simulation model.  

A. Simulation setup 

 In order to simulate the proposed power 

optimization technique and the process scheduling 

technique for computational cloud environment the 

following configuration is prepared for simulation. The 

configuration on which the simulation is performed is 

given in table 3.1. 

 

 

 

 

 

 

 

 

S. No. Parameters  Values  

1 Scheduling 

Interval 

300 MS 

2 Virtual 

machine RAM 

870,  1740, 1740, 613 

3 Host RAM 4096, 4096 

4 VM Band 

width  

100000 Mbit/s 

5 Host Band 

width 

1000000Gbit/s 

6 Host Storage 1000000 GB 

7 Host Power HpProLiantMl110G4Xeon3040 

Table 3.1 Simulation Setup 

B. Simulation scenarios 

The main objective of the proposed work is to prepare an 

optimization technique that can be employed on the power 

consumption problems in cloud data centers for reducing 

the power consumption additionally also find the 

effectiveness of the proposed scheduling technique in 

efficient process scheduling in computational cloud. 

Therefore here two different simulation scenarios are 

desired to implement. 

a. Simulation of VM scheduling  

1. The simulation using the traditional VM scheduling: in 

this simulation implementation the traditional VM 

scheduling approach namely MAD (mean absolute 

deviation) [10] technique and RR (round robin) [11] 

technique is implemented using the CloudSim discrete 

event simulator and performance of scheduling is 

calculated.  

2. The simulation using the proposed scheduling 

approach: in this simulation analysis the enhanced ACO 

based VM scheduling technique is implemented with the 

CloudSim simulation technique and the performance of 

power consumption is computed and comparison is 

performed with previous simulation. 

 

b. Simulation of VM scheduling  

1. Simulation of traditional process scheduling 

approach: in this phase the traditional scheduling 

techniques RR (round robin) and the MAD (median 

absolute deviations) technique is implemented for 
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simulating the process scheduling capability of the 

computational cloud. Additionally their performance is 

also computed. 

2. Simulation of the proposed process scheduling 

technique: in this phase the proposed ACO based 

enhanced scheduling technique is implemented with 

the CloudSim simulation tool [12] for optimizing the 

performance of the process scheduling. After 

implementation the performance of the approach is 

computed and comparative study with the traditional 

approaches is performed.  

This section demonstrates the techniques for 

implementation and the next section provides the 

implementation and their requirements in detail. 

C. Reference libraries  

This section includes the different JAVA based library and 

their party classes that are used during the simulation 

implementation. 

S. 

No. 

Class Description 

1 commons-math3-3.2.jar That is third party jar used to 
provide the faculty for 

conducting math operations 

using java code 

2 jfreechart-1.0.16.jar That is core jfree charting 

library used for 

uc creating the graphs.  

3 jfreechart-1.0.16-swt.jar Using this library the chart 

can make attractive and 

includes various graphical 
properties 

4 mysql-connector-java-

5.1.26-bin.jar 

That library helps to connect 

the java interface to the 

MySQL data base server 

5 swtgraphics2d.jar This library is used to import 

graphics on JAVA GUI 

Table 3.1 Reference Classes 

IV. RESULTS ANALYSIS 

The entire study is described for two basic aspects first in 

order to balance the load on server and also improve the 

energy consumption. In order to optimize both the cases of 

performance the proposed optimization technique is much 

suitable. Therefore the performance of the proposed 

technique is computed and reported in this section. 

A. Time consumption 

Every algorithm requires a fraction of time for performing 

required operation as decided in algorithm. This time 

requirement is termed as the time consumption or time 

complexity of the system. In java technology for 

estimating the amount of time the following formula is 

used. 

∆𝑡𝑖𝑚𝑒 = 𝑎𝑙𝑔𝑜𝑟𝑖𝑡𝑚 𝑒𝑛𝑑 𝑡𝑖𝑚𝑒 − 𝑠𝑡𝑎𝑟𝑡 𝑡𝑖𝑚𝑒 

Experiments  MAD RR Proposed  

1 25 16 48 

2 28 19 69 

3 35 24 85 

4 46 31 105 

5 55 38 129 

6 67 46 143 

7 79 55 158 

Table 4.1 time consumption  

The figure 4.1 and table 4.1 represents the comparative 

time consumption of the proposed resource optimization 

technique and the traditional techniques. In order to 

represent the performance of the implemented techniques 

the X axis contains the different number of simulation 

experiments. Additionally in Y axis the corresponding time 

requirement is reported according to the experiments used. 
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Figure 4.1 Time Consumption 

 

Figure 4.2 Mean Time Consumption  

The time requirements of the implemented techniques are 

estimated and reported, according to the computed 

performance the round robin (RR) is needs less amount of 

time with respect to other two techniques additionally the 

proposed technique requires higher time consumption for 

estimating the optimal scheduling for the cloud servers. In 

order to demonstrate more precise time requirements of the 

implemented techniques the following formula can be 

used: 

𝑚𝑒𝑎𝑛 𝑡𝑖𝑚𝑒 =
1

𝑁
 𝑇𝑖

𝑁

𝑖=1

 

The mean time consumption of the techniques is described 

in figure 4.2. According to the mean performance the 

proposed technique needs higher time, then the MAD 

(mean absolute deviation) technique and then the round 

robin technique needs the higher time. 

B. Memory usages 

The algorithms need a significant amount of main memory 

to perform the execution with the input data. This memory 

requirement of algorithms or processes is known as the 

memory consumption or the space complexity. In java 

technology the main memory requirement of a specific 

process is computed using the following formula: 

𝑚𝑒𝑚𝑜𝑟𝑦 𝑢𝑠𝑎𝑔𝑒 = 𝑡𝑜𝑡𝑎𝑙 𝑚𝑒𝑚𝑜𝑟𝑦 − 𝑓𝑟𝑒𝑒 𝑚𝑒𝑚𝑜𝑟𝑦 

The memory usages of the three different techniques are 

given using figure 4.3 and table 4.2. To represent the 

performance of the algorithms the X axis shows the 

number of different experiments performed with the 

algorithms and the Y axis shows the memory usages in 

KB. 
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Figure 4.3 Memory Usages  

 

 

 

Experiments  MAD RR Proposed  

1 19836 18993 19872 

2 20038 19372 20437 

3 20847 19791 20948 

4 21045 20542 21743 

5 21748 20927 22483 

6 22343 21391 23058 

7 22971 21783 23849 

Table 4.2 Memory Usages 

According to the computed performance in terms of 

memory consumption of the implemented algorithms the 

proposed technique requires larger memory resources as 

compared to the two traditional techniques. To find the 

clearer comparative outcomes the mean memory 

consumption of both the techniques are also computed and 

reported using figure 4.4. 

 

Figure 4.4 mean memory usages 

 Finally according to the obtained performance for 

the memory usages by the tree implemented algorithms in 

terms of KB (kilobytes) the mean performance is reported 

in figure 4.4. As conclusion it is observed the proposed 

technique is expensive as compared to both methods, then 

the MAD and finally the RR (round robin) is much 

efficient for the time consumption. 

C. Effect of epoch cycle 

 In order to perform optimization a number of 

iteration cycles are required to obtain an optimum 

combination of resources. These numbers of optimization 

cycles are known as the epoch cycles for optimization 

algorithms. In proposed methodology the ACO based 

optimization technique is implemented for scheduling of 

resources therefore after how many epoch cycles system 

results the consistent results is demonstrated using the 

figure 4.5 and table 4.3. In order to demonstrate the results 

only three experiments and their results are reported.  

epoch 
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10 30 42 53 

30 22 35 46 

50 17 26 38 

60 13 21 31 

70 12 18 26 

80 11 14 23 

90 11 14 18 

100 11 14 18 

Table 4.3 Epoch Cycles 

 

Figure 4.5 Epoch Cycles 

 The figure 4.5 and table 4.3 shows the 

performance graph of the proposed system. In this diagram 

the number of epoch cycles and the number of solutions 

remain are represented. According to the graph initially in 

all the experiments the amount of solutions are reduces 

with the epoch cycles but the number of epoch cycles are 

increases when the amount of population size is increases 

for optimization. Therefore the proposed technique needs 

approximately 50-80 cycles to compute the optimum 

results. 

D. Used energy by data centers 

 This section provides the details about the 

scheduling performance when the proposed approach 

applied on VM (virtual machine) scheduling problem for 

optimizing the energy consumption in data centers.  

 

Figure 4.6 Energy Consumption  

After employing the proposed technique for scheduling of 

VM (virtual machine) the obtained performance of 

proposed and traditional techniques are demonstrated using 

figure 4.6 and table 4.4.  

Experiments  MAD RR Proposed  

1 874887 892857 847265 

2 748387 764718 729917 

3 784918 798462 769104 

4 837103 847105 809937 

5 748201 766254 723955 

6 867372 874927 839919 

7 884928 892940 858295 

Table 4.4 Energy Consumption  

0

50

100

10 50 70 90So
lu

ti
o

n
s

Epoch Cycles

Population (50)

Population (75)

Population (100)

0

200000

400000

600000

800000

1000000

1 2 3 4 5 6 7

En
e

rg
y 

in
 W

/s
e

c
Experiments

MAD RR Proposed 



 

 

   

ISSN (Online) 2394-2320 
 

International Journal of Engineering Research in Computer Science and Engineering  

(IJERCSE)  

Vol 4, Issue 3, March 2017 
 

 

                 52 

 

 

 The outcome of the implemented techniques is 

estimated in terms of W/sec. additionally these outcomes 

are computed on the basis of the mean energy consumption 

of data centers in different number of experiments. In order 

to represent the performance of all three algorithms the X 

axis of diagram shows the number of experiments 

performed with the implemented techniques and the Y axis 

contains the consumed energy in terms of W/sec. 

according to the computed results the proposed technique 

consumes less energy as compared to both the traditional 

techniques. For more accurate estimation of the 

performance improvement on traditional techniques the 

mean energy consumption in different experimental 

scenarios are also computed and reported using the figure 

4.7. According to the outcomes proposed technique needs 

less, then the MAD technique and finally the RR technique 

is expensive in terms of energy consumption. 

 

Figure 4.7 Mean Energy Consumption  

As shown in figure 4.7 proposed approach is 

outperforming as compared to other implemented 

techniques. 

E. Average Load on PE 

This performance parameter is estimated during the 

employment of the proposed algorithm for scheduling the 

resources for process execution. Therefore the similar 

numbers of process are used and the mean time of CPU 

utilization is computed and compared. The comparative 

CPU utilization is given using figure 4.8 and table 4.5.  In 

order to demonstrate the performance of the proposed 

technique, the X axis of the diagram contains the different 

experiments performed with the implemented algorithms 

and the Y axis provides the information about the CPU 

utilization in terms of seconds. According to the obtained 

performance proposed technique needs less time to process 

the input jobs as compared to both the traditional 

techniques.  

 

 

 

 

 

 Experiments  MAD RR Proposed  

1 1.2 1.32 0.89 

2 1.13 1.26 0.95 

3 1.325 1.43 1.08 

4 1.24 1.33 0.94 

5 1.32 1.51 1.043 

6 1.03 1.32 0.88 

7 0.97 1.17 0.82 

Table 4.5 Average Load 
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Figure 4.8 Average Load 

 To find the difference between all the 

implemented techniques the mean CPU utilization of all 

three approaches are described using figure 4.9. In this 

diagram the X axis contains the different algorithms used 

in the simulation and the Y axis shows the mean CPU 

utilization in seconds. According to the results the 

proposed technique needs less time as compared to both 

the techniques. 

 

Figure 4.9 Mean Load 

V. CONCLUSION 

 The cloud computing has the various research 

issues and challenges among them resource preservation 

and the green computing is leading research areas. In this 

presented work the different aspects of the resource 

preservation is described additionally the previously 

performed experiments and the work is also associated. 

Finally by concluding all the concepts the goal is decided 

to develop an improved technique of resource scheduling 

and VM allocation in cloud environment for managing 

both the aspects of the study. Therefore using the different 

previously available techniques a new technique of 

optimization process is implemented and compared with 

the similar kinds of methodology. The experimental study 

is performed by implementing the techniques using 

CloudSim tool and JAVA technology. The results 

demonstrates the proposed technique is essential for both 

the purposed for enhancing computing performance and 

optimizing the energy consumption.   
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