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Abstract
At present, internet has become part of life in
human beings life. Internet is now a gigantic
library that is composed of documents, files,
images, videos, content and websites.
Unlimited amount of data is added regularly
to the library from different mediums and in
different formats. Cloud computing is
associated with internet computing. Cloud
computing has undoubtedly benefited both
service provider and clients in great extent.
There is rapid increase in cloud‘s customers
constantly. Although, the cloud data centers
comprised of tremendous power but due to
expeditious requests of users there is sudden
need of balancing load. However, load
balancing emerged as the conspicuous issue in
the cloud heterogeneous environment.
A comprehensive literature survey on various
load balancing algorithms is presented here
which addresses that there can be reduction
in response time and data center request
processing time by using efficient load
balancing policies.
Keywords: Cloud Computing, Throttled,
Round Robin, Response Time, Service
Broker, Load Balancing.
I. INTRODUCTION

Cloud computing has been defined by various
researchers so there are many definitions
available to us. As defined by the IBM Cloud
computing, often referred to as simply ―the
cloud,‖ is the delivery of on-demand computing
resources—everything from applications to data
centers— over the Internet on a pay-for-use basis
[1].

Dubrovnik [2] implied cloud computing as ―a
service-oriented
architecture,
reduced
information technology overhead for the enduser, greater flexibility, and reduced total cost of
ownership, on-demand services, and many other
things‖.
A Berkeley Report in February 2009 states
―Cloud Computing, the long-held dream of
computing as a utility has the potential to
transform a large part of the IT industry, making
software even more attractive as a service‘‘[3].
From the Quality of Service perspective, Clouds
have been defined as a large pool of easily usable
and accessible virtualized resources (such as
hardware, development platforms and/or
services). These resources can be dynamically
reconfigured to optimum resource utilization.
This pool of resources is typically exploited by a
pay-per-use model in which guarantees are
offered by the Infrastructure Provider by means
of customized SLA‘s [4].
In a nutshell, cloud computing can be explained
by the definition given by National Institute of
Standards and Technology (NIST) which is
accepted worldwide: ―Cloud computing is a
model for enabling convenient, on-demand
network access to a shared pool of configurable
computing resources (e.g., networks, servers,
storage, applications, and services) that can be
rapidly provisioned and released with minimal
management effort or service provider
interaction [5].
A. Characteristics of Cloud computing
The elements of Cloud Computing are that it
offers huge measures of force regarding
processing and stockpiling while offering
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enhanced versatility and flexibility. Besides,
with proficiency and financial matters of scale,
Cloud Computing administrations are getting to
be a less expensive arrangement as well as a
much greener one to fabricate and convey IT
services [6].
According to NIST [5], cloud computing has the
following essential characteristics which
differentiate it from other computing paradigm:
 On-demand self-service: As said in NIST
[5] a consumer can unilaterally provision
computing capabilities, such as server
time and network storage, as needed
automatically without requiring human
interaction with each service‘s provider.
Consumers must be able to obtain cloud
services – at the infrastructure, platform,
or application level – whenever they
want, without requiring significant
assistance. For the provider [7], ondemand self-service requires that
procurement, account management,
service instantiation, security control,
service management, metering, billing
and
payment
mechanisms
are
established. These mechanisms will
interface with operational systems so that
services are created, started, run, and
stopped in accordance with the
consumer's instructions. Use of a service
by a consumer might last only for
minutes, or for weeks, months, or years.
 Broad network access: As said in NIST
[5] capabilities are available over the
network and accessed through standard
mechanisms that promote use by
heterogeneous thin or thick client
platforms (e.g., mobile phones, tablets,
laptops, and workstations).Network
access is needed to establish the initial
provider/consumer relationship, for
subsequent use of the cloud services
themselves, and for use of added services
that the consumer may implement using
the cloud services. The user of a cloud
service or added service might have a PC
or a device such as a tablet, a PDA, or a
mobile phone. These could have
browsers or be browser-less devices. Or
the cloud services could be integrated
into a consumer enterprise‘s IT
architecture, with access from large and
sophisticated computer systems. This





characteristic of cloud computing means
that a company can implement added
services that can be successfully used by
anyone, anywhere on the globe, using a
variety of devices [7].
Resource pooling: As said in NIST [5]
the provider‘s computing resources are
pooled to serve multiple consumers using
a multi-tenant model, with different
physical
and
virtual
resources
dynamically assigned and reassigned
according to consumer demand. There is
a sense of location-independence in that
the customer generally has no control or
knowledge over the exact location of the
provided resources but may be able to
specify location at a higher level of
abstraction (e.g., country, state, or data
center). Examples of resources include
storage, processing, memory, network
bandwidth, and virtual machines. Multitenancy means that a single instance of a
computing resource serves multiple
client organizations (the tenants)
providing a separate environment for
each. Examples of resources include
instances of infrastructure, platform,
software, and application. The concept of
resource pooling includes locationindependence. For providers, having
resources in convenient locations means
lower costs and having them in diverse
locations means that services can be
maintained in the event of loss of a data
center, of power, or of network
connectivity.
Rapid elasticity: As said in NIST [5]
capabilities can be rapidly and elastically
provisioned,
in
some
cases
automatically, to scale rapidly outward
and inward commensurate with demand.
To the consumer, the capabilities
available for provisioning often appear to
be unlimited and can be appropriated in
any quantity at any time. One of the key
benefits of cloud computing is the ability
to have a flexible computing service
which can expand or contract in line with
business demand, giving you capacity
which would be impossible to generate
from an in-house implementation
without significant investment in
resources. Resource pooling helps
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providers to achieve elasticity. A
resource that is no longer needed by one
consumer can be allocated to another
consumer that needs more resources.
 Measured Service: As said in NIST [5]
cloud systems automatically control and
optimize resource use by leveraging a
metering capability1 at some level of
abstraction appropriate to the type of
service (e.g., storage, processing,
bandwidth, and active user accounts).
Resource usage can be monitored,
controlled, and reported, providing
transparency for both the provider and
consumer of the utilized service. If
services are to be charged on a per-use
basis, it is immediately obvious that
usage must somehow be measured.
Consumers require sufficient measurements
from their cloud computing service providers to
enable them to make purchasing and operational
judgments.
II. LOAD BALANCING APPROACHES

In load balancing there are two approaches and
each approach have their own algorithms. The
two approaches are as follows:
A. Static Load Balancing
In the Static load balancing approach, the load
balancing decisions are made deterministically
or probabilistically at compile time according to
the performance of computing nodes and remain
constant during runtime. Number of tasks in each
node is fixed in this approach [8]. Static load
balancing methods are non-preemptive i.e. once
the load is allocated to the node it cannot be
transferred to another node.
Advantages:
 It has minimum communication delays.
 Algorithms are simple and easy to
implement.


System overhead is minimized.

Disadvantages:
 Task cannot be migrated while execution.
 Overall performance of system decreased
due to load fluctuations.
 Less useful when task have different
execution time and nodes are
heterogeneous.

Among various proposed algorithms major static
load balancing algorithms are as follows:
1. Round Robin Algorithm
Round Robin Algorithm (RRA) assigns tasks
sequentially and evenly to all the nodes. All tasks
are assigned to computing nodes based on Round
Robin order, meaning that computing nodes
choosing is performed in series and will be back
to the first computing node if the last computing
node has been reached [8]. Each node maintains
its load index locally independent of allocations
from remote node.
It is the simplest algorithm that uses the concept
of time quantum or slices. Here, time is divided
into multiple slices and each node is given a
particular time quantum and within this time
quantum the node will perform its operations.
In Cloud Data centers 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 [9].
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.
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.
Step 2:
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.
Step 3: After the execution of cloudlets, the VMs
are de-allocated by the Round Robin VM Load
balancer.
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Step 4: The data center controller checks for new
/pending/waiting requests in queue.
Step 5: Continue from step-2.

Figure 1 Round Robin Load Balancing
Advantages:
 Inter-process communication is not
required.
 Useful for jobs of equal processing time
and nodes of same capabilities.
Disadvantages:
 Without checking the capacity of sever,
it‘s directly assign the request (like
whether it is over loaded or not).
 It does not include the state of previous
allocation of a VM to a request [10]
 Not useful when tasks have unequal
processing time.
 Not useful when nodes have different
capacities.
2. Randomized Algorithm
Randomized Algorithm (RA) uses random
numbers in selecting computing nodes for
processing, without having any information
about the current or previous load on the node.
The computing nodes are selected randomly
following random numbers generated based on a
statistic distribution [27, 23].
Advantages:
 It works well for particular special
purpose applications.
 No inter process communication is
required.
Disadvantages:
 It is not considered elegant solution.



Maximum response time among all
algorithms.

3.
Central Manager Algorithm
In each step in Central Manager Algorithm
(CMA), central node selects slave node to be
assigned a task. Slave node having least load is
being selected. The central node maintains the
load index of all slave nodes connected to it.
Whenever, load is changed, a message is send by
the slave nodes to the central node [13]. The load
manager makes load balancing decisions based
on the system load information, allowing the best
decision when of the process created [27, 24].
Advantages:
 Performs well when dynamic activities
are created by different hosts.
Disadvantages:
 CMA needs high level of inter process
communication.
 Single point of failure.
4. Threshold Algorithm
In Threshold Algorithm (TA) tasks/processes are
assigned immediately upon creation to the
computing nodes (processors). Computing nodes
for new processes are selected locally without
sending remote messages. Each node keeps a
private copy of the system‘s load information.
The load of a computing node can be
characterized by one of the three levels which
are: under loaded, medium and overloaded. Two
threshold parameters t_under and t_upper can be
used to describe these levels [11]:
Under loaded: workload < t_under,
Medium: t_under ≤ workload ≤ t_upper,
Overloaded: workload > t_upper.
In the initial stage, all the computing nodes are
considered under loaded. Whenever the load
state of a computing node exceeds the load level
threshold, then it sends messages regarding the
new load state to all of the other computing
nodes, regularly updating them so that as the
actual load state of the entire system can be
known to every node.
If the local state is not overloaded then the
process is allocated locally. Otherwise, a remote
under loaded processor is selected, and if no such
host exists, the process is also allocated locally.
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Advantages:
 It has low inter process communication.
 Performance is improved because of
large number of local process allocations
which decreases the overhead of remote
process allocations and remote memory
accesses.
Disadvantages:
Whenever all remote processors are overloaded
then all processes are allocated locally causing
two major problems: One overloaded processor may have
much higher load than other overloaded
processors,
causing
significant
disturbance in load balancing.
 Increased execution time of an
Application.
B. Static Load Balancing
There are three general classes of problems
where a static load balancing is either impossible
or can lead to imbalance of load, problems are:
The first class consists of problems in which all
the tasks are available at the beginning of the
computation but the amount of time required by
each task is different.
The second class consists of problems in which
tasks are available at the beginning but as the
computation progresses, the amount of time
required by each task changes.
The third class consists of problems in which
tasks are not available at the beginning but are
generated dynamically.
In static load balancing too much information
about task and system is required before
execution which is not possible every time like
in these three classes of problems. So Dynamic
load balancing was developed to address these
constraints.
Dynamic load balancing makes more
informative load balancing decisions during
execution by the runtime state information [12].
In dynamic load balancing algorithms work load
is distributed among the processors at runtime.
These algorithms monitor changes on the system
work load and redistribute the work accordingly.
Advantages:
 Dynamic load balancing works well for
heterogeneous systems.
 Task can be redistributed to any
processor while run time hence




overloading and under loading problems
become minimum.
It works well for task having different
execution time.
The system need not be aware of runtime behavior of the applications before
execution.

Disadvantages:
 High communication over heads occurs
and becomes more when number of
processors increase.
 Dynamic load balancing algorithms are
complex hence not very easy to
implement.
 System overhead increases because it is
preemptive.
In general, dynamic load-balancing algorithms
can be broadly categorized as follows:
i.
Centralized or Decentralized
In centralized approach, only one processor acts
as the main or central controller (Master). Master
node process or holds the collection of tasks to
be performed. Master node has global view on
the load information of all nodes connected to it,
and decides how to allocate jobs to each of the
nodes. And rest of the nodes act as slaves [15].
Tasks are sent to the slave processes for
execution.
It has advantage of ease of implementation, but
suffers from single point of failure.
In Decentralized approach, all nodes in the
system are involved in making the load
balancing decision. The state information is
spread among all the nodes and nodes are
responsible in managing their own resources or
allocating tasks residing in their queues to other
nodes. It is more scalable and has better fault
tolerance.
i.
Cooperative or Non-cooperative
If a distributed load balancing algorithm is
adopted, the next issue that should be considered
is whether the nodes involved in the task
scheduling process are working cooperatively or
independently (non-cooperatively). In the noncooperative approach, each node is independent
has autonomy over its own resource scheduling,
that is, decisions are made independently of the
rest of the system and therefore the node may
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migrate or allocate tasks based on local
performance.
In the cooperative scheme, each load balancing
decision maker (scheduler) has the responsibility
to carry out its own portion of the scheduling
task, but all schedulers are working toward a
common system wide goal [8].
ii.
Adaptive or Non-Adaptive
Dynamic load balancing is said to be adaptive if
scheduled decisions take into consideration past
and current system performance and are affected
by previous decisions or changes in the
environment.
It is said to be non-adaptive if parameters used in
load balancing remain the same regardless of
system's past behavior.
iii.
Sender/Receiver/Symmetrical Initiated
Distribution of task in dynamic load balancing
can be sender initiated, receiver initiated or
symmetrical initiated. In sender initiated
strategy, Congested nodes attempt to move work
towards under-loaded nodes. In receiverinitiated strategy, under-loaded nodes request
tasks to be sent to them from nodes with higher
loads. In the symmetric approach, both the
under-loaded as well as the overloaded nodes
may initiate load transfers.
There are three basic dynamic load balancing
algorithms which are as following:
1. Central Queue Algorithm
Central Queue Algorithm [14] stores new
activities and unfulfilled requests in a cyclic
FIFO queue on the main host. Each new activity
arriving at the queue manager is inserted into the
queue. Then, whenever a request for an activity
is received by the queue manager, it removes the
first activity from the queue and sends it to the
requester. If there are no ready activities in the
queue, the request is buffered, until a new
activity is available.
When a processor load falls under the threshold,
the local load manager sends a request for a new
activity to the central load manager. The central
load manager answers the request immediately if
a ready activity is found in the process-request
queue, or queues the request until a new activity
arrives. This is a centralized initiated algorithm
and need high communication among nodes.

2. Local Queue Algorithm
This algorithm supports inter process migration.
The main concept in local queue algorithm is
static allocation of all new process with process
migration initiated by the host when its load falls
under the predefined minimum number of ready
processes (threshold limit). Initially, new
processes created on the main host are allocated
on all under loaded hosts. From then on, all the
processes created on the main host and all other
hosts are allocated locally [31, 24].
When the local host gets under load it request for
the activities from the remote hosts. The remote
hosts than look up its local list for ready activities
and compares the local number of ready
activities with the received number. If the former
is greater than the latter, then some of the
activities are passed on to the requestor host and
get the acknowledgement from the host. This is
a distributed co-operative algorithms and
requires inter-process communication but lesser
as compared to central queue algorithm.
3. Least Connection Algorithm
This algorithm decides the load distribution on
the basis of connections present on a node [16].
The load balancer keeps track of the numbers of
connections attached to each node and selects the
node with least number of connections for load
transfer. The number increases when a new
connection is established and decreases when
connection finishes or time out.
Least Connections methods work best in
environments where the nodes have similar
capabilities. Load imbalance may be caused
when the tasks are all of different durations
because Connection counting just doesn‘t
account for that scenario very well.
4. Throttled Algorithm
Throttled load balancer is a dynamic load
balancing algorithm. Throttled load balancer
maintains an index table of all VMs and their
respective state (i.e. available or busy).
Whenever new request arrives the table is parsed
by load balancer and VM having available state
is chosen and its VM id is returned to data center
controller which further assigns the request to
that particular VM, if suitable VM is not found
then -1 is returned to data center controller. The
notification of new allocation after allocating
request to VM and VM de-allocation after
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completing of request is sent by data center
controller to load balancer [17, 18].
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:
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 [10].

Drawback:
 In throttled algorithm, where the index
table is resolve from the first index every
time when the data center queries load
balancer for allocation of VM.
 It does not takes into account the
advanced load balancing requirements

such as processing times for each
individual requests [19].
5. Equally Spread Current Execution
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. This load
balancing algorithm is also known as Active
Monitoring Load Balancing algorithm. It works
quiet similar to throttled algorithm but with
change in the VM index table. In this algorithm
load balancer maintains an index table of all
VMs along with the number of currently
allocated requests to VM. Whenever new request
arrive load balancer parses the table and VM
having least load is chosen and its ID is returned
to data center controller which further assigns the
request to that VM and notifies the load balancer
of this new allocation to increase the allocation
count of that VM. After request gets completed
load balancer is further notified about deallocation of VM so that it decreases the
allocation count of that VM [17, 18].
The ESCE Load Balancing algorithm is as
follows:
Step 1: Find the next available VM.
Step 2. Check for all current allocation count is
less than max length of VM list allocate the VM.
Step 3: If available VM is not allocated create a
new one.
Step 4: Count the active load on each VM.
Step 5: Return the id of those VM which is
having least load.
Step 6: The VM Load Balancer will allocate the
request to one of the VM.
Step 7: 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.
Step 8: 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.
Step 9: Continue from step-2 [10].
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Drawback:
 AMLB always find least loaded VM for
assign new incoming request but it will
not check whether it‘s previously utilized
or not (so some VM over utilized and
some are still ideal).
Now we will further describe existing Service
broker algorithms which are further used for
analysis.
6. Service Proximity based algorithm
It is also known as closest data center algorithm.
Here service broker selects the data center which
is closest to the request sender‘s location taking
into consideration transmission latency [17, 20].
This is the simplest Service Broker
implementation. Algorithm steps are as follows.
1. Service Proximity Service Broker maintains
an index table of all Data Centers indexed by
their region.
2. When the Internet receives a message from a
user base it queries the Service Proximity
Service Broker for the destination Data Center
Controller.
3. The Service Proximity Service Broker
retrieves the region of the sender of the request
and queries for the region proximity list for that
region from the Internet Characteristics. This list
orders the remaining regions in the order of
lowest network latency first when calculated
from the given region.
4. The Service Proximity Service Broker picks
the first data center located at the earliest/highest
region in the proximity list. If more than one data
center is located in a region, one is selected
randomly.
1. Performance Optimized algorithm
It is also known as Optimize response time
algorithm. Here service broker selects the data
center according to best response time [17, 20].
This policy is implemented by the Best Response
Time Service Broker, which extends the Service
Proximity Service Broker. The algorithm steps
are as follows.
1. Best Response Time Service Broker maintains
an index of all Data Centers available.

2. When the Internet receives a message from a
user base it queries the Best Response Time
Service Broker for the destination Data Center
Controller.
3. The Best Response Time Service Broker
identifies the closest (in terms of latency) data
center using the Service Proximity Service
Broker algorithm.
4. Then the Best Response Time Service Broker
iterates through the list of all data centers and
estimates the current response time at each data
center by:
i. Querying the last recorded processing time
from Internet Characteristics.
ii. If this time is recorded before a predefined
threshold, the processing time for that data center
is reset to 0. This means the data center has been
idle for duration of at least the threshold time.
iii. The network delay from Internet
Characteristics is added to the value arrived at by
above steps.
If the least estimated response time is for the
closest data center, the Best Response Time
Service Broker selects the closest data center.
Else, Best Response Time Service Broker picks
either the closest data center or the data center
with the least response time with a 50:50 chance
(i.e. load balanced 50:50).
III. COMPARISON ON DIFFERENT ALGORITHMS

Now we will compare the above given
algorithms of static and dynamic load balancing
considering the following parameters:
 Nature: It tells whether algorithm is static
or dynamic.
 Overhead: It is amount of overheads like
inter-process communication, migration
of
tasks
etc.
involved
while
implementing the algorithm and should
be minimum.
 Resource Utilization: It tells whether the
algorithm is able to utilize all the
resources optimally or not means less idle
processors.
 Process Migration: It tells when a system
will migrate its process. The algorithm is
capable of deciding when it should make
changes of load distribution during
execution of process or not.
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Fault Tolerant: It tells whether the
algorithm can work continuously in event
of failure or not, performance of
algorithm is decreasing or not.
Response Time: It is time a distributed
system using a particular load balancing
algorithm is taking to respond and must
be less.
Waiting Time: It is the time period spent
waiting in the ready queue and should be
less.
Centralized or decentralized: It tells
whether algorithm is centralized or
decentralized.
Cooperative: It defines the extent of
independence that each processor has in
concluding that how should it can use its
own resources.
Adaptability: It tells if algorithm can
adapt to changing situations.
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