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Abstract— Data centers have recently gained significant popularity as a cost-effective highly scalable, flexible platform to 
meet emerging computing requirements and for hosting large-scale service. Data centers incurs tremendous amounts of 
energy in terms of power distribution and cooling. It is challenging to effectively utilize energy in data centers. An effective 
approach for saving energy in data center is to dynamically adjust data center capacity by turning off the unused machines 
while matching resource demands. However, this dynamic capacity provisioning approach requires careful understanding of 
heterogeneous environment and workloads. Existing heterogeneity-aware scheduling schemes rely on either trial runs or off-
line profiled information to schedule the applications, which incur significant performance degradation and are impractical to 
implement. To that end, we suggest a scheme that uses efficient K- means clustering algorithm to divide workload with 
similar characteristics into distinct classes and genetic algorithm for scheduler. 
 
Index terms— Cloud Computing, Resource management, Workload Characterization. 
 
I. INTRODUCTION 
 
Data centers consume tremendous amounts of energy 
in terms of power distribution and cooling. Dynamic 
capacity provisioning is a promising approach for 
reducing energy consumption by dynamically 
adjusting the number of active machines to match 
resource demands. The heterogeneity of both 
workload and machine hardware found in production 
environments. In particular, production data centers 
often comprise heterogeneous machines with 
different capacities and energy consumption 
characteristics. Meanwhile, the production cloud 
workloads typically consist of diverse applications 
with different priorities, performance and resource 
requirements. Failure to consider the heterogeneity of 
both machines and workloads will lead to both sub-
optimal energy-savings and long scheduling delays, 
due to incompatibility between workload 
requirements and the resources offered by the 
provisioned machines. To address this limitation, we 
present a Heterogeneity-Aware dynamic capacity 
provisioning scheme for cloud data centers.  
In recent years, there has been extensive research on 
improving data center energy efficiency. One 
promising technique that has received significant 
attention is dynamic capacity provisioning (DCP). 
The goal of this technique is to dynamically adjust 
the number of active machines in a data center in 
order to reduce energy consumption while meeting 
the service level objectives (SLOs) of workloads.  
 
II. LITERATURE SURVEY 
 
“Dynamic Heterogeneity-Aware Resource 
Provisioning in the Cloud”, Q. Zhang, M.F. Zhani,  
Raouf  Boutaba, and J.L. Hellerstein [1] designed a 
framework to overcome from failure to consider the 
heterogeneity of both machines and workloads. They 

present Harmony, a Heterogeneity-Aware dynamic 
capacity provisioning scheme for cloud data centers.  
Specifically, they first use the K-means clustering 
algorithm to divide workload into distinct task 
classes. Then they present a technique that 
dynamically adjusts  
the number of machines to minimize total energy 
consumption and scheduling delay.  
As they used standard K-means clustering algorithm 
to divide workload, as K-means is time consuming 
process. 
As they used CBP (Capacity Based Provisioning) 
algorithm for scheduling that does not provide 
guaranteed resources for large tasks, making them 
more difficult to schedule. 
“Dynamic Energy-Aware Capacity Provisioning 
for Cloud Computing   Environments”, Q. Zhang, 
M.F. Zhani, Q. Zhu, S. Zhang, R. Boutaba, and 
J.L.  Hellerstein[2] implements system which 
provide a control-theoretic solution to the dynamic 
capacity provisioning problem that minimizes the 
total energy cost. Specifically, they use Model 
Predictive Control (MPC) to find the optimal control 
policy.  
Limitations: 
Approach assumes that machines are homogenous. 
Problem in to understand the interplay between the 
scheduler and the capacity controller. 
“Towards Characterizing Cloud Backend 
Workloads: Insights from Google     Compute 
Clusters”, Y. Chen et al.[3]. 
This paper describes an approach to workload 
classification and its application to the Google Cloud 
Backend, arguably the largest cloud backend on the 
planet. The methodology for workload classification 
consists of: (1) identifying the workload dimensions; 
(2) constructing task classes using an off-the-shelf 
algorithm such as k-means; (3) determining the break 
points for qualitative coordinates within the workload 
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dimensions; and (4) merging adjacent task classes to 
reduce the number of workloads. 
 
“pMapper: Power and Migration Cost Aware 
Application Placement in Virtualized Systems”, A. 
Verma et al.[7] make the following contributions to 
advance the state of the art. They described the 
architecture and implementation of a 
powerawareapplication placement framework, called 
pMapper, which can incorporate various scenarios 
involving power and performance management using 
virtualization mechanisms. pMapper provides the 
solution to the most practical possibility ,i.e. power 
minimization under performance constraints.  
Limitation: 
It does not consider the cost of turning on and off 
machines when making provisioning decisions, nor 
does it consider task arrival rate and scheduling delay 
objectives. 
“Provably-Efficient Job Scheduling for Energy 
and Fairness in Geographically Distributed Data 
Centers”, S. Ren et al.[8] proposes a provably-
efficient online scheduling algorithm – GreFar – 
which optimizes the energy cost and fairness among 
different organizations subject to queuing delay 
constraints. GreFar does not require any statistical 
information of workload arrivals or electricity prices.  
“Mistral: Dynamically Managing Power, 
Performance, and Adaptation Cost in Cloud 
nfrastructures”, G. Jung, M.A. Hiltunen, K.R. 
Joshi, R.D. Schlichting, and C. Pu,[9] presented  a 
holistic controller framework that optimizes power 
consumption, performance benefits, and the transient 
costs incurred by various adaptations and the 
controller itself to maximize overall utility. 
Limitation: 
It does not consider the arrival rate of task requests in 
its formulation. 
III. PROBLEM STATEMENT 
Data centers have recently gained significant 
popularity as a cost-effective platform for hosting 
large-scale service applications. While large data 
centers enjoy economies of scale by amortizing initial 
capital investment over large number of machines, 
they also incur tremendous energy cost in terms of 
power distribution and cooling. An effective 
approach for saving energy in data centers is to adjust 
dynamically the data center capacity by turning off 
unused machines. However, this dynamic capacity 
provisioning problem is known to be challenging as it 
requires a careful understanding of the resource 
demand characteristics as well as considerations to 
various cost factors, including task scheduling delay, 
machine reconfiguration cost and electricity price 
fluctuation. 
 
IV. PROPOSED SYSTEM 
 
In the proposed system, the efficient K-means 
clustering algorithm is used to divide workload into 

distinct task classes with similar characteristics in 
terms of resource and performance requirements. 
Then we present a technique that dynamically 
adjusting the number of machines to minimize total 
energy consumption and scheduling delay. There has 
been extensive research on improving data center 
energy efficiency one promising technique that has 
received significant attention is dynamic capacity 
provisioning (DCP) using genetic algorithm.  
The goal of this technique is to dynamically adjust 
the number of active machines in a data center in 
order to reduce energy consumption while meeting 
the service level objectives (SLOs) of workloads.  
The following three objectives must be minimized: 
1) Maximum total completion time of all tasks 
(makespan); 
2) Flow Time. 
3) Power consumption of servers and network 
switches. 

F=min {max {ck}} 
     n 

F=min {∑ Fi/n} 
     J=1 

F= P 

 
V.  SYSTEM ARCHITECTURE 
 

 
Fig.5.1: System Architecture 

 
The architecture of Harmony is shown in Fig.5.1 
consists of the following components.  
Task analysis module 
The task analysis module is responsible for 
monitoring the arrival of every task in Order to 
identify the type to which it belongs.  
Scheduler 
The scheduler is responsible for assigning incoming 
tasks to active machines in the cluster. 
Prediction Module 
The prediction module receives statistics of the 
arrival rate for each task class, and forecasts its future 
arrival rates. 
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Container Manager 
 The container manager evaluates the number of 
containers required to schedule the current workload. 
Capacity Provisioning Module 
The capacity provisioning module decides which 
machine in particular should be switched on or off. 
Obviously, the goal is to select the right combination 
of machines that can host the containers and, at the 
same time, minimizes the energy consumption.  
Monitoring Module 
Finally, the monitoring module is responsible for 
collecting diverse statistics about tasks and machines, 
including CPU and memory usage, free resources and 
current task durations. It also reports any failures and 
anomalies to the management framework. In the 
following sections, we describe the design details. 
Module Wise Description 
 Task Analysis Module 
The K-means algorithm for partitioning, where each 
cluster’s center is represented by the mean value of 
the objects in the cluster.  
 
Algorithm 1: Efficient K-means for clustering 
Input: K: the number of clusters. D: a data set 
containing n objects.  
Output: A set of K clusters.  
Method:  
1. Arbitrarily choose K objects from D as the initial 
cluster centers;  
2. Repeat  
3. (re)assign each object to the cluster;  
i. Repeat:  
ii. Calculate the distance for each centroids from a 
data point and the data point having minimum 
distance from the centroid of a cluster is assign to that 
particular cluster center and calculate the mean value 
for that cluster center.  
iii. Update the cluster mean to that centroid.  
iv. Until end of data points  
4. Until no change in cluster values;  

 
Container  
It is responsible for computing the number of 
containers required to support the workload of each 
task class. The container manager periodically 
notifies the capacity provisioning module about the 
number of required containers for each type of tasks. 
 
Definition (Bin Packing Problem). Given a list of 
objects and their weights, and a collection of bins of 
fixed size, find the smallest number of bins so that all 
of the objects are assigned to a bin. 
 
 Algorithm 2:  bin packing algorithm for container 
 
1:    for   All objects i = 1, 2,  . . .  , n do 
2:    for   All bins j = 1, 2, . . .do 
3:    if Object i fits in bin j then 
4:    Calculate remaining capacity after the object has 
been added. 

5:    end if 
6:    end for 
7:     Pack object I in bin j , where j is the bin with 
minimum remaining capacity after adding the        
       object (i.e. the object “fits best”). 
8:    If no such bin exists, open a new one and add the 
object. 
9:    end for 
 
Scheduler 
The scheduler is responsible for assigning incoming 
tasks to active machines in the cluster. It also reports 
the average number of tasks in the queue during each 
control period to help the controller make informed 
decisions. 
 
Algorithm 3: Genetic algorithm for scheduling 
Step 1 
k=1  
Select N initial schedules S1,1 ,... , S1,N  
Step 2 
Create new individuals by mating individuals in the 
current queue using crossover and mutation 
Delete members of the existing queue to make place 
for the new members 
Evaluate the new members and insert them into the 
queue Sk+1,1 ,... , Sk+1,N  
Step 3   
k = k+1  
If stopping condition = true  
then return the best individual as the solution and 
STOP 
else go to Step 2 

 
 
CONCLUSION 
 
We build a model based on the concrete situations of 
cloud computing. In this, we proposed efficient k-
means algorithm for clustering with less number of 
iteration. The Scheduler model uses Genetic 
Algorithm to minimize total completion time and 
flow time. However in real cloud computing 
environment there might be dynamic change 
Therefore, a monitoring mechanism is needed to 
better solve the problem. 
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