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Abstract--- In this work a hybrid approach has been
proposed for virtual machine level load balancing
using concepts of two classical algorithms for load
balancing. These two classical algorithms for load
balancing are Round Robin Algorithm and
Throttled algorithm. It has also been implemented
for an IaaS framework in simulated cloud
computing environment and the results obtained
were analyzed. The hybrid approach gave better
results in terms of: Response time, Data center
request serving time and Data center processing
time, when compared with results of Round robin
algorithm, Throttled algorithm and equally spread
current execution algorithm separately. The
proposed hybrid algorithm was found to be efficient
in case of same data size per request as well as for
different data size per request.
Keywords --- Round Robin Algorithm, Throttled
Algorithm, Response time.
I.

INTRODUCTION

A. Need of Load Balancing in cloud computing
Cloud computing is a current trends of technology,
where user is able to rent software, hardware,
infrastructure and computational resources as per user
basis.
Load Balancing is essential for efficient operations in
distributed environments. As Cloud Computing is a
greatest platform which provides storage of data in very
lower cost and available for all time over the internet,
that’s why load balancing for the cloud has become a
very interesting and important research area. Load
balancing helps to attain a high user satisfaction and
resource utilization ratio by ensuring an efficient and
fair allocation of every computing resource.
The load can be memory capacity, CPU load, delay or
network load. Load balancing is the method of
distributing the load between various nodes of a
distributed system to get better both resource utilization
and job response time while also staying away from a
situation where some of the nodes are heavily loaded
while other nodes are idle or doing very little work.
Load balancing makes sure that all the processor in the
system or every node in the network does more or less
the equal amount of work at any moment of time. [10].
The goals of load balancing are to:
(a)Improve the performance
(b)Maintain system stability
(c)Build fault tolerance system
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(d)Accommodate future modification.
(e)Increase the availability
(f)Increase the user satisfaction
(g)Improve the resource utilization ratio
(h)Minimize the waiting time of job in queue as well as
to reduce job execution time [11] [12].
B. Qualitative Metrics for Load Balancing
Different qualitative parameters or metrics that are
considered vital for load balancing in cloud computing
are discussed as follows:
1. Throughput: The total number of tasks that have
completed execution is called throughput. A high
throughput is required for better performance of the
system.
2. Associated Overhead: It is the amount of overhead
that is produced by the execution of the load balancing
algorithm. Minimum overhead is expected for
successful implementation of the algorithm.
3. Fault tolerant: It is the ability of the algorithm to
perform correctly and uniformly even in conditions of
failure at any arbitrary node in the system.
4. Migration time: It is the time taken in migration or
transfer of a task from one machine to any other
machine in the system. This time should be minimal for
improving the performance of the system.
5. Response time: It is the smallest amount of time, a
distributed system executing a specific load balancing
algorithm takes to respond.
6. Resource Utilization: It is the degree to which the
resources of the system are utilized. A good load
balancing algorithm provides maximum resource
utilization.
7. Scalability: It determines the ability of the system to
accomplish load balancing algorithm with a restricted
number of processors or machines.
8. Performance: It represents the effectiveness of the
system after performing load balancing. If all the above
parameters are satisfied optimally then it will highly
improve the performance of the system [2].
II. ALGORITHMS
The establishment of an effective load balancing algorithm
and how to use Cloud computing resources efficiently for
effective and efficient cloud computing is one of the Cloud
computing service provider’s ultimate goals. The basic idea
of cloud computing is to offer resources such as VMs as
services on demand. Allocating efficient VM on demand is
being carried out with the help of the load balancing
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algorithms in the cloud computing. As the load balancing
algorithm plays a vital role while deciding which VM is to
be allocated on demand of the user. While providing
services it is likely to have a number of requests at a time
and due to that some requestors need to stay in queue though
they have possibility to send request to other service
provider.
A. Round Robin Algorithm
It is a static load balancing algorithm, which does not
consider the previous load state of a node at the time of
assigning jobs. It makes use of the round robin
scheduling algorithm for allocating jobs. It selects the
first node arbitrarily and then, allocates jobs to all other
nodes in a round robin manner [15].
This algorithm works on random selection of the virtual
machines. The datacenter controller allocates the
requests to a list of VMs on a rotating basis. The first
request is allocated to a VM chosen randomly from the
group and then the Data Center controller assigns the
requests in a circular order. Once the VM is allotted the
request, the VM is shifted to the end of the list [13].
Round-robin is by far the simplest algorithm available
to distribute load among nodes. Because of this reason it
is often the first preference when implementing a simple
scheduler. One of the reasons for it being so simple is
that the only information required is a list of nodes.

Throttled load balancer is a dynamic load balancing
algorithm. In this throttled algorithm the client first
requests the load balancer to find an appropriate Virtual
Machine to perform the required operation. The process
first starts by maintaining a list of all the VMs. Each
row is individually indexed to accelerate the lookup
process. If a match is found on the basis of size and
availability of the machine, then the load balancer
accepts the request of the client and assigns that VM to
the client. On the other hand, if there is no VM available
that matches the criteria then the load balancer returns 1 and the request is queued.
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Fig. 1: Round Robin processing [8]
The round robin algorithm is as follows:
Step1. Round Robin VM load Balancer maintains an
index of VMs. At start all VM’s have zero allocation.
Step2.
a. The data center controller receives the user
requests/cloudlets.
b. The requests are allocated to VMs in circular way.
c. The round robin VM load balancer will allocate the
time quantum for user request execution.
Step3. After the execution of cloudlets, the VMs are deallocated by the Round Robin VM Load balancer.
Step4. The data center controller checks for new
/pending/waiting requests in queue.
Step5. Continue from step-2.
B. Throttled Algorithm
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Fig.2. Throttled scheduling process [8]
The throttled algorithm is as follows:
Step1. Throttled VM Load Balancer keeps an index
table of VMs and the state of the VM
(BUSY/AVAILABLE). At the beginning all VM’s are
available.
Step2. Data Center Controller receives a new request.
Step3. Data Center Controller queries the Throttled VM
Load Balancer for the next allocation.
Step4. Throttled VM Load Balancer parses the
allocation table from top until the first available VM is
found or the table is parsed completely.
If found:
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i) The Throttled VM Load Balancer returns the VM id
to the Data Center Controller.
ii) The Data Center Controller sends the request to the
VM identified by that id.
iii) Data Center Controller notifies the Throttled VM
Load Balancer of the new allocation.
iv) Throttled VM Load Balancer updates the allocation
table accordingly.
If not found:
i) The Throttled VM Load Balancer returns -1.
ii) The Data Center Controller queues the request.
Step5. When the VM finishes processing the request,
and the Data Center Controller obtains the response
cloudlet, it informs the Throttled VM Load Balancer of
the VM de-allocation.
Step6. The Data Center Controller checks if there are
any waiting requests in the queue. If there are, it carries
on from step 3.
Step7. Continue from step 2 [8].
C. Equally Spread Current Execution Algorithm
This algorithm distributes the tasks among VMs in a
way to even out the number of active tasks at any given
time on each VM. Fig.3. shows the process of this
algorithm.

Fig.3. Equally Spread Current Execution Load
Balancing [8].
The ESCE Load Balancing algorithm is as follows:
Step1. Find the next available VM .
Step2. Check for all current allocation count is less than
max length of VM list allocate the VM.
Step3. If available VM is not allocated create a new one.
Step4. Count the active load on each VM.
Step5. Return the id of those VM which is having least
load.
Step6. The VM Load Balancer will allocate the request
to one of the VM.
Step7. If a VM is overloaded then the VM Load
Balancer will distribute some of its work to the VM
having least work so that every VM is equally loaded.
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Step8. The data center controller receives the response
to the request sent and then allocates the waiting
requests from the job pool/queue to the available VM &
so on.
Step9. Continue from step-2 [8].
III. PROPOSED HYBRID ALGORITHM
In this work a Hybrid approach having concepts from
Round Robin algorithm and Throttled algorithm has
been proposed for virtual machine level load balancing.
Round robin is a classical algorithm for load balancing
that does not consider the current load state of virtual
machine while allocating some new job to it. Inspiration
for taking current load state into account came from
Throttled algorithm. In Hybrid approach current load
state of virtual machine was taken into account to take
decision about allocation of jobs to virtual machines.
The proposed hybrid algorithm was efficient in case of
same data size per request as well as for different data
size per request.
In Proposed hybrid approach, initially when a cloudlet
is received for execution on VMs then an arbitrary VM
is chosen and checked for availability. If it is available
then cloudlet is allocated to it. Otherwise control keeps
moving in circular way through the VM list until it gets
an available VM for cloudlet allocation. After allocation
of cloudlet, next comparison takes place at the next VM
coming in that circular way.
In this proposed hybrid algorithm, the concept of
circular way to allocate VMs to cloudlets has been taken
from Round Robin algorithm. And inspiration of
checking availability on each step has been taken from
throttled algorithm.
The proposed algorithm is as follows:
Step1. Hybrid Load Balancer maintains an index of
VMs and state of the VMs (busy/available). At start all
VMs have zero allocation.
Step2.
a. The Data Center Controller receives the user
requests/cloudlets.
b. All VMs are checked in circular way.
c. The requests are allocated to VMs on the basis of
their status known from the VM queue:
if status is available: then cloudlet is allocated to that
VM.
else availability of next VM is checked for that cloudlet.
d. The Hybrid Load Balancer will allocate the time
quantum for user request execution.
Step3. After the execution of cloudlets, the VMs are deallocated by the Hybrid Load Balancer.
Step4. The Data Center Controller checks for new
/pending/waiting requests in queue.
Step5. Continue from step-2.
IV. PROPOSED HYBRID LGORITHM’S
DEPLOYMENT
The proposed hybrid algorithm for virtual machine level
load balancing is implemented for an IaaS framework in
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simulated cloud computing environment and all the
results are analyzed. All this work is done using Cloud
Analyst tool. This tool is completely based on java.
Following versions of tools and softwares are used
during work:
a) Eclipse Kepler
b) Java1.7.0
c) Cloud Analyst (A tool based upon cloudsim)
Four algorithms for virtual machine load balancing were
executed one by one in simulated environment and
results were analyzed. These four algorithms were:
(a)Proposed Hybrid algorithm
(b)Round Robin algorithm
(c)Throttled algorithm
(d) Equally Spread Current Execution algorithm
V. RESULT ANALYSIS
The hybrid approach gave better results in terms of
Response time, Data center request serving time and
Data center processing time, when compared with
results of Round robin algorithm, Throttled algorithm
and equally spread current execution algorithm
separately. The proposed hybrid algorithm was efficient
in case of same data size per request as well as for
different data size per request.
Comparison among these four algorithms is given
below in Table1 for same data size of requests and in
Table 2 for different data size of requests.

Comparison table for same data size per request (Unit of
time is ms)
Table1. Comparative result of load balancing
algorithms for same data size of requests
Hybrid

Round

Throttled

ESCE

202.48

202.48

4.52

5.76

Robin
Overall
Response Time
(Avg.)

202.47

202.50

Data Center
Processing
Time (Avg.)

1.29

1.30

Data Center
Processing
Time(Max)

4.02

7.26

Data Center
Request
Serving Time
for DC2 (Avg.)

1.58

1.63

1.59

2.50

Data Center
Request
Serving Time
for DC1 (Max)

2.31

2.88

Data Center
Request
Serving Time
for DC2 (Max)

4.02

7.26

4.52

5.76

Fig.4. Simulation statistics for hybrid load
balancing algorithm for same data size per
request

Fig.5. Simulation statistics for hybrid load balancing
algorithm for different data size per request
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Comparison table for different data size per request
(Unit of time is ms)
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Table2. Comparative result of load balancing
algorithms for different data size of requests
Hybrid

Round

Throttled

ESCE

Robin
Overall
Response Time
(Avg.)

202.55

202.57

Data Center
Processing
Time (Avg.)

1.32

1.33

Data Center
Processing
Time(Max)

3.87

8.38

Data Center
Request
Serving Time
for DC1 (Avg.)

1.27

1.28

Data Center
Request
Serving Time
for DC2 (Avg.)

1.59

1.65

Data Center
Request
Serving Time
for DC1 (Max)

2.31

2.88

Data Center
Request
Serving Time
for DC2 (Max)

3.87

8.38

202.57

4.26

7.27

1.60

1.62

2.50

4.26

7.27

VI. CONCLUSION AND FUTURE WORK
Though some factors were considered in this work to check
the efficiency of the proposed algorithm, still there is a lot to
be done. The proposed algorithm can be compared with
more available algorithms implemented in real environment.
Cost could not be decreased in the proposed algorithm.
In future the work can be extended with scenario having
more datacenters scattered around different locations, and
trying to improve load balancing approaches according to
different criterions like cost.
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