2013 IEEE International Conference on High Performance Computing and Communications & 2013 IEEE International Conference
on Embedded and Ubiquitous Computing

Energy-efﬁcient Scheduling Algorithms for Data
Center Resources in Cloud Computing
Tamal Adhikary, Amit Kumar Das, Md. Abdur Razzaque

A. M. Jehad Sarkar

Green Networking Research Group
Department of Computer Science & Engineering
University of Dhaka, Dhaka - 1000, Bangladesh
Email: tamal.csedu@gmail.com, amit.csedu@gmail.com
razzaque@cse.univdhaka.edu

Dept. of Digital Information Engineering
College of Engineering
Hankuk University of Foreign Studies
Yongin-si, Gyeonggi-do, South Korea
Email: jehad@hufs.ac.kr

Abstract—A signiﬁcant amount of energy is consumed to render high-level computation tasks in large scale cloud computing
applications. The state-of-the-art energy saving techniques based
on centralized job placement approaches reduce the reliability of
operation due to a single point of failure. Moreover, the existing
works do not consider energy consumption cost for communication devices and network appliances which contribute a lot. In
this paper, we have proposed a mechanism for cluster formation
based on network vicinity among the data servers. We have
developed two distributed and localized intra-cluster and intercluster VM scheduling algorithms based on energy calculation,
resource requirement and availability. Our proposed scheduling
algorithms manage VMs to reduce the energy consumption of
both the servers and networking devices. Simulation results show
that our proposed distributed VM scheduling algorithms can
conserve signiﬁcant amount of energy compared to state-of-theart works.

I.

declines and more VMs should be assigned when the workload increases. Hierarchical arrangement of different physical
servers in a data center can increase the bandwidth usage in
some cases when two clusters communicate through an upper
level connector of the hierarchy [2]. Some other works, e.g.
[4], did not consider bandwidth usage during the distribution
of VMs within the physical servers. As bandwidth cost incurs
signiﬁcant overhead to the big data centers, considering communication energy and bandwidth consumption among VMs
during VM scheduling could reduce the energy consumption
and bandwidth requirement to a great extent. None of them
exploits local resource availability in scheduling and thus gives
poor system performance and increases bandwidth cost to a
great extent.
Most of the works on energy optimization in cloud data
centers did not provide a complete architecture and arrangement of physical servers in a data center. A few works
on infrastructure modeling which made groups of physical
servers, did not provide a clear idea about the arrangement
and working model of the components inside the groups and
the working components which operate and control the servers
of each group.

I NTRODUCTION

Cloud computing is one of the major forces changing
the IT landscape, which is a new model for the dynamic
provisioning of computing services supported by cloud data
centers that renders VM (Virtual Machine) to the customers.
It employes pay-as-you-go model for delivering infrastructure
as a service (IaaS), platform as a service (PaaS) and software
as a service (SaaS) [1]. A number of big computing service
providers such as Google, Microsoft, Yahoo, Amazon and IBM
are continuously deploying data centers in various locations
around the world.

In this paper, we focus on analyzing application scheduling
through VM and its impact on the energy usage of the cloud
infrastructure in a data center. We have modeled the cloud
infrastructure containing clusters of servers. The model of
each cluster organization and work division of the components
inside the clusters is also designed. To schedule VMs within
a cluster and among the clusters within the whole data center,
we have developed two distributed VM scheduling algorithms.
Our proposed intra- and inter-cluster scheduling algorithms
reduce energy consumption by turning off redundant servers
and keeping under-utilized clusters in sleep mode. Preference
in migrating communicating VMs to same cluster ensures
bandwidth utilization and reduces dealy for communication.
The efﬁciency and the stability of our algorithms are veriﬁed
by simulating it inside a data center using CloudSim toolkit
[15].

Nowadays, application scheduling is widely used as an
effective energy conservation method. The energy consumption
can be signiﬁcantly reduced by consolidating applications on
as less servers as possible and making idle servers sleep or
power-off [3]. By optimizing the power consumption of the
network infrastructure, few of existing application scheduling
has been considered. The network infrastructure is built to
provide high bisection bandwidth for applications in typical
commodity large-scale systems. By sharing diverse applications and each utilizing a part of the system, every time many
of these networks remain unused.

The rest of the paper is organized as follows. The Section
II describes works related to our topics of interest. In section
III, netwrok architecture and an energy-efﬁcient cluster organization model have been described. In Section IV, the proposed
distributed Intra- and Inter-Cluster VM Scheduling Algorithms

Most of the state-of-the-art works [2], [4] did not consider
runtime scheduling of VMs. Since the workload in cloud computing environment varies with time, realtime VM scheduling
could reduce energy expenses for computation when workload
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III.

have been presented. The Section V presents the result of
performance evaluation and in Section VI, we conclude the
paper along with the future research directions.
II.

N ETWORK M ODEL AND A SSUMPTIONS

The cloud service providers often fail to cope with the
increasing costs for rendering services and to mitigate the
increasing expenses; in some cases, they have to violate
the SLA. Though many models for managing servers and
deploying VMs is prevalent now-a-days, energy efﬁcient server
management model is scarce and many of them are not
suitable for practical deployment. Again most of the models
do not take the bandwidth cost into account. Network devices
contribute largely to the energy expense of data centers. Communication aware VM scheduling can reduce the operational
energy expenditures and bandwidth requirements. We predict
resource utilization for the incoming requests using LPF [12].
Transferring data between two nodes connected directly to the
same switch tends to use less energy than that of the nodes
connected indirectly [13]. Our proposed algorithm prioritizes
data transfers among those nodes which are on the same
switch, in support of energy efﬁciency and delay minimization.

R ELATED W ORKS

The deployment of cloud computing is emerging day
by day. To reduce the maintenance and management cost
in comparison with in-house infrastructure, it is becoming
attractive and its use is growing rapidly. For supporting the
elasticity and scalability required by the customers, cloud
providers also rely on large and power-consuming data centers.
Energy-efﬁciency still remains a serious problem for providers,
though one of its commercial credentials is the reduction of
energy consumption at the client edge [5]. They have dealt
with energy consumption as well as provided SLA (Service
Level Agreement) and high performance expectations. Energyefﬁciency is still a challenging issue in the cloud model due
to the dynamicity of its components and ﬂexibility of services
supported by virtualization where in the same time it has been
widely explored for similar architectures such as Cluster and
Grid Computing.

A. Network Model
We have divided the cloud service providers into smaller
units called clusters, as shown in Figure 1. Each cluster has
its own data storage, computational and resource management unit that allocates VMs to the requests. Each cluster
is connected to its adjacent neighbors that can share their
computational usage whenever necessary. The VM migration
or job distribution becomes faster in a clustered environment.
Whenever jobs can’t be distributed within a cluster, help from
adjacent neighbors can be taken based on their usage. Service
downtime for migration of VMs within a cluster or among the
clusters is negligible since migration is done on-the-ﬂy. That
is, copy of the VM is created ﬁrst and once the complete copy
of the currently working VM is made in the new host server,
user is given the new VM.

For resizing the pool of servers dynamically, energyefﬁcient cloud computing approaches of ﬁrst generation have
been introduced [6]. The researchers of this paper have proposed to resize the number of active servers according to
the actual demand, by exploiting technologies such as Wakeon-Lan (WoL), Dynamic Voltage Frequency Scaling (DVFS),
and live migration. In paper [7], the authors have proposed
methodology to enhance this ”Dynamic Resource Resizing”
(DRR) approach, for maintaining the expected QoS level. By
introducing mechanisms to mitigate the overhead caused by
VM provisioning, turning on/off servers and executing the
large-scale live migrations, the authors aim to reduce the
overall SLA violation. Though these approaches represent a
very important step to improve the energy efﬁciency and
performance relationship, they are focused on host and data
center level improvements neglecting ﬁne-grained concerns
such as those at VM level.

Each cluster and each server within the cluster will be in
one of the two states: sleep and active. The properties of the
states are:

In heterogeneous computing environment, some approaches have introduced for scheduling tasks with loadbalancing technique. In [8], the authors have introduced some
heuristics to schedule tasks for heterogeneous computing
nodes. To address which tasks in a task queue have to be
run in internal cloud and which tasks can be sent to external
cloud, the researchers of [9] proposed a scheduling algorithm.
The main focus of the approach is to keep the order of tasks
in the queue while increasing performance by utilizing an
external cloud on demand. How many and which class of
cloud providers are required, how much data is allocated to
each chosen cloud for parallel processing are not considered
in their paper.

•

Active mode: In active mode, a cluster is fully functional. All its servers and the resource manager are
working and serving the user requests.

•

Sleep mode: In sleep mode, a whole cluster can shut
down its entire computational, database and other

   

  

   

   

For efﬁciently over allocating the available host resource,
the over allocation algorithm is proposed in [10]. Over allocation model is mainly inherited from overbooking theory in
[11], which guides cloud providers conﬁrming the booking of
more resources than the amount they actually have to support
the service. However, the main beneﬁt for over allocation
algorithm is only for the SaaS layer, not for the IaaS layer.

Fig. 1.
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Multicluster data center environment

Algorithm 1 VM Provisioning Algorithm
INPUT: Previous LPF value, IRDB info
OUTPUT: Resource optimized VM provisioning



 

Fig. 2.

1. while new request appears do
2.
Check IRDB for previous resource utilization info
3.
Calculate LPF using equation 1 and IRDB info
4.
Check for available resources
5.
if resources available then
6.
if V M of predicted resource capacity is available



 

  

 



 

  

 

 

then
7.
Allocate VM to the requesting client
8.
else
9.
Create a new VM and serve the request
10.
end if
11.
else
12.
Transfer request to another cluster
13.
end if
14. end while

A single cluster architecture

component servers. Only the communication maintenance server needs to be working at that period.

serving requests to a neighboring cluster. The cluster trying
to share its jobs to its neighbors is known as ‘power saver
(PS)’ cluster and the cluster that gets the share of the jobs of
its neighbors is known as ‘neighbor server (NS)’ cluster. Here
a single neighboring cluster is chosen to carry out the requests
of the PS cluster because in this way the bandwidth cost can
be reduced and the jobs can be served faster. As a result,
the performance ratio increases as the delay for data transfer
decreases. The performance ratio (PR) can be calculated as

B. Cluster Architecture
In Figure 2, a single cluster architecture is shown. The
working steps and the activities of each component in a cluster
for serving a new request have been given in Algorithm 1.
In each cluster, there is an Information Record Data Base
(IRDB) that stores the record of resource requirement of
previous tasks. Whenever new request appears at the cluster,
IRDB checks for the resource requirement of the request. It
then sends the resource information found for the job to the
Resource Predictor (RP). The task of resource predictor is
to estimate the type and quantity of resources required to
serve the given request. Then the resource manager checks
for the resource usage at the cluster and determines whether
it should provide resource to the request from the cluster or
take computational help from one of its neighbors. If resource
requirement of the given request can be supplied by the
resource capacity of the cluster, then it requests the resource
allocator to assign resources to the give request. Resource
capacity speciﬁes the amount of resources in the cluster that
can be supplied to the users for their request whereas the
resource usage of the cluster is within the predeﬁned limit.
Resource usage reveals the amount of resources used in a
cluster. Finally, the resource allocator assigns Virtual Machines
(VM) to the requests. The resource allocator maintains a
dynamic pool of VMs for provisioning to new requests. The
mechanism of maintaining a dynamic pool has been described
in our previous work [14]. The resource requirement for the
requests is monitored continuously by the component, resource
monitor and whenever the requirement changes, the whole
process of VM allocation is recycled. Whenever two VMs
in two different cluster transfer data continuously and the
communication link between the clusters get congested, two
VMs are located in a single cluster, which can serve the two
VMs and whose resource utilization is less.
IV.

PR =

δtcppr
,
σtcptar

(1)

where, δtcppr and σtcptar are the time of computation using
predicted resources and total available resources, respectively.
In case of choosing the NS cluster, the PS cluster ﬁrst
consults with all of its neighbors to get their occupancy ratio,
μ=

φtruc
,
ϕtarc

(2)

where, φtruc and ϕtarc are the total number of resource usage
and allocatable resources in the cluster, respectively.
PS cluster will choose the NS cluster which has the
minimum μ value from its neighboring NS clusters. Whenever
the PS cluster migrates all its working VMs to the NS cluster,
it can switch to sleep mode. As a result massive amount of
energy can be saved and hence the cost of computation also
decreases. Whenever a cluster goes to sleep mode of operation,
if new request comes to it at that period, it simply forwards
the request to the NS cluster. Whenever the value of the NS
cluster rises above a predeﬁned upper threshold level, it simply
awakens the PS cluster to active mode and transfers the jobs it
has received for the PS cluster to that PS cluster which is now
operating in active mode. A NS cluster cannot go to sleep mode
whenever it is serving the requests from some of its neighbors
though its usage level goes below the lower threshold level.
In this section, we present our proposed intra- and intercluster scheduling algorithms for migrating virtual machines
that allocate resources following distributed and energyefﬁcient approaches.

P ROPOSED S CHEDULING A LGORITHMS

Whenever the cumulative resource requirement of a cluster
goes below a threshold level, it tries to migrate all of its
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Algorithm 2 Intra-Cluster VM Scheduling Algorithm
INPUT: Resource information of each server
OUTPUT: Energy conserving intra cluster job scheduling
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Algorithm 3 Inter-Cluster VM Scheduling Algorithm
INPUT:
μ : Occupancy ratio,
OM at : Neighborhood occupancy matrix,
Nneighbor : Number of neighbors
OUTPUT: Energy conserving inter cluster job scheduling

for each server i in the cluster do
Calculate ωi
end for
for each server i in the cluster do
if ωi < LW T then
for each server j in the cluster do
Find highest ωj such that ωj + ωi <= U W T
end for
Migrate VMs from server i to server j
Keep server i in sleep mode
end if
end for

1. Calculate μ
2. if μ < LT H then
3.
for i = 1 to Nneighbor do
4.
Find the minimum μi from OM at
5.
end for
6.
if (OM at[j] + μ) < U T H then
7.
Set OM at[j] = OM at[j] + μ
8.
Keep this cluster in sleep mode
9.
end if
10. end if

A. Proposed Intra-Cluster Scheduling Algorithm
of lower threshold (LTH), it checks from its neighbors which
have the minimum occupancy ratio. It then checks whether
the occupancy ratio of the selected cluster is greater than the
upper threshold (UTH). If it remains below UTH, then the PS
cluster will migrate all its working VMs and coming requests
to the selected NS cluster. Finally, it goes to sleep mode. The
operation is presented in the algorithm 3.

For achieving computational beneﬁts, we have considered
all physical servers are of same capacity, i.e., all physical
servers of same type have equal amount of total servable
resources. As a result, in case of VM migration or transferring
in service requests from one server to another within a cluster,
the requirement of resources does not change and the new
workload ratio for the servers can be computed by using simple
addition and subtraction. Workload ratio (ω) can be given as
ςtu
W orkload ratio(ω) =
× 100%,
(3)
σta

C. Energy Consumption
The energy model can be established based on the ongoing
computation in each cluster. The energy optimization in a
particular cluster can be given by
m
ωi
Ec (t) = (1 − i=1 ) × Eidle + (n − m) × Esleep , (4)
m × 100

where,
ςtu =total resource usage in the server
σta =total allocatable resources in the server
Intra-cluster scheduling algorithm will be run by the Resource Allocator (RA) of a cluster. Whenever new requests
come, RA assigns free VMs to the requests. During peak hours,
resource utilization increases and hence the workload ratio (ω)
also increases. However, if the servers continue to provide the
same amount of resources during off peak hour, huge amount
of energy wastage will be occured. Hence RA will migrate
VMs to a few working servers and keep the rest of the servers
in sleep mode during off peak period to save energy.

where, Ec (t) is the amount of energy conservation for each
cluster at any particular instance of time t, n is the number
of servers in the cluster and
mm is the number of On (active +
ωi

i=1
gives the ratio of average
idle) servers in the cluster. m×100
workload in all the servers within a cluster. Eidle is the amount
of energy that can be saved when all the servers are in idle
state. Eidle multiplied by the server idleness ratio, gives energy
saved by the portion of servers operating in idle state. (n-m)
gives the number of servers operating in sleep mode. Esleep
gives the energy saved by a server which is operating in sleep
state. (n-m) multiplied by Esleep gives the energy that can be
saved by servers in sleep mode. We can get the total energy
conservation of a particular time period if we integrate the
energy conservation within that period.

(5)
Ec = Ec (t)dt.

At beginning, RA calculates the ω value for all the servers
within the cluster. After that, RA will try to transfer all the
requests under process from the servers with ω value lower
than a predeﬁned threshold, Lower Work Threshold (LWT),
to servers having higher ω value and which can accommodate
the whole work. Ther server, which serves the requests of both
of the servers, should have ω value lower than Upper Work
Threshold (UWT). Finally, RA will keep the released server
in sleep mode to save more energy. The algorithm 2 presents
the operation in detail.

In terms of resource utilization the total amount of energy
that will be consumed by the whole cloud data center can be
given as

B. Proposed Inter-Cluster Scheduling Algorithm

Ei = αEi−1 + (1 − α) × Emax × CCR,

Each cluster ﬁrst calculates the occupancy ratio for itself.
It also gets occupancy ratio from its neighbors to ﬁll up the
Neighborhood Occupancy Matrix (OMat). At any period of
operation, whenever the occupancy ratio of a cluster gets down

(6)

where, α is the weight factor and Ei−1 is the energy
consumption in the previous phase. Emax is the maximum
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VM scheduling model. The bar diagram shows that as the
request arrival rate increases, energy consumption increases
proportionally. Energy consumption level reveals the ratio of
energy currently used to the highest amount of energy that
can be used by the data center. This ratio is given here in
percentage. Energy consumption can be calculated from the
energy saving equations given before. The diagram shows
the comparative study of energy consumption among the
considered models.

amount of energy that could be consumed by the whole data
center. CCR is the computation cost ratio, which is the ratio
of the computation cost of currently active servers to the
computation cost that is incurred when all the servers in the
cluster is in active state. The value of CCR is taken at the
phase of energy computation. Since CCR is a fraction and
value of CCR is less than 1, Emax × CCR gives the current
energy consumption in the data center. That is Emax × CCR
gives a fraction of maximum amount of energy consumption in
a data center which is used for utilizing computation resources
in the data center at the time of computation. The CCR can
be given by
N

CCR =
μi.
(7)

Figure 3(c) shows the energy optimization in case of workload reduction. Here the workload is shown as the total amount
of resources used by VMs. It reﬂects the ratio of resources used
by all VMs to the total amount of resources in the data center
in percentage. As the workload reduces, the resource used by
VMs also reduces since the number of VM reduces. Since we
have used the inter and intra cluster algorithm to minimize
the number of working VMs, our proposed algorithms are
able to control the energy consumption in almost the same
rate as the workload increases or decreases. Again we have
considered VM migration at the time of serving requests not
only at time of request placement at physical servers. Thus
as the requirement reduces from peak hour to off-peak hour,
our energy optimization algorithms perform accordingly. The
results show that considerably big percentage of server nodes
can be switched off by applying VSA compared to EHS and
ESI.

i=1

The value of weight factor α can be adjusted with the
dynamic nature of resource requirement and energy usage in
the data centers. These equations for energy computation are
used in the performance evaluation section to compare the
result of our proposed VM scheduling algorithms with the
existing state-of-the-art works.
V.

P ERFORMANCE E VALUATION

In this section, we have evaluated the effectiveness
of our proposed VM scheduling algorithm (VSA) using
CloudSim[15]. We have compared performance of our VSA
algorithm with that of Energy-aware Hierarchical Scheduling
(EHS) [2] and Energy-aware Scheduling for Infrastructure
Clouds (ESI) [4] in terms of energy consumption, number of
servers in sleep mode and bandwidth utilization.

In Figure 3(d), the bandwidth usage Btotal for different
VM scheduling models is shown for different arrival rate of
requests. Here bandwidth usage is given by the ratio of bandwidth used by VMs to the total bandwidth capacity in the data
center. Bandwidth used by VMs can be calculated from the
equations for bandwidth calculation given in previous section.
The results show that bandwidth usage is also proportional to
the request arrival rate and so is the cost for communication.
However, because of considering communication cost into the
scheduling of VMs, VSA and EHS show almost the same
result. For ESI, bandwidth cost is greater than our proposed
VSA for the same reason.

We have conﬁgured a data center of 5 clusters, each having
4 physical servers, where, each server has one quad-core
processor, 8 GB RAM and 1 TB storage. Each core of a server
is modeled with performance equivalent to 3000 MIPS. The
cluster members are connected through 1 Gbps links and intercluster links are of 500 Mbps. Since all the hosts are of same
capacity, we have considered LWT to be 15 percent usage of
the total resources in a server and UWT to be 85 percent for
all the servers. For the clusters, the value of LTH is considered
to be 20 percent of usage of the total resources in the cluster
and UTH is considered to be 90 percent of usage. The request
arrival rate at the cloud data centers is randomly taken from
the range of 30-120 requests per minute and the serving time
of each request is taken from the range of 5-50 minutes.

VI.

C ONCLUSION

In Figure 3(a), the relation between request arrival rate
and the percentage of servers operating in sleep mode has
been shown. The ﬁgure shows that, as the request arrival rate
increases, the number of the VMs also increases. However, if
we apply our proposed VSA, greater number of VMs can be
kept unused hence energy consumption reduces. Again, some
clusters can be kept in sleep mode at time of low request
arrival rate and as a result, the total VMs as well as physical
server at sleep state increases. Due to dynamic workload, VM
re-scheduling and considering bandwidth optimization at the
same time, better amount of energy can be saved by applying
VSA compared to EHS and ESI. As the rate continues to
increase, the difference in energy optimization degrades.

This work advances the cloud computing environment in
several ways. Firstly, it plays a vital role for reducing data
center energy consumption costs, which will help to develop
a strong and competitive cloud industry throughout the world.
Secondly, the consumers satisfaction will be increased through
service level agreement assurances. Thirdly, we are able to use
the maximum resource of every server, which leads us to obtain
energy-efﬁcient environment. We know that, large and rapidly
growing big data centers in cloud are the signiﬁcant source of
CO2 emission. Around the world, reducing greenhouse gas is
the key concern and many countries treat this as a key energy
policy. We have presented and simulated our algorithms in a
data center cloud environment and the experiment results have
shown that this approach can leads to a substantial reduction
of energy consumption in data management and operation of
data center. Simulation results show that, in terms of energy
consumption and stability our approach outperform the others.

Figure 3(b) shows the level of energy that is consumed
in the simulation environment by applying the three different

In future, we will include more energy-efﬁcient factors
in our algorithms for improving its further performance. For
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Fig. 3.

(a) No. of servers in sleep mode

(b) Energy consumption

(c) No. of servers in sleep mode

(d) Bandwidth Usage

Performance comparisons

example, we will try to include the cooling condition of
physical servers since it might put a good level of impacts on
the performance of scheduling algorithms. Such improvements
can introduce green ICT-based smart solutions for the next
generation systems.
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