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Abstract: Cloud Computing is a type of service based
computing or utility compuoting. Our ohjective is to develop an
effective load balancing algorithm wsing hungarian method to
minimize response time and to increase the resource
uiilization. Load balancing in clond need to consider the
allocation of virtual machine and scheduling tasks on the
virtual machine depending on variouns client and application
given ohjectives. Hungarian method is a kind of assignment
problem which works efficiently for static assipnments. We
are extending hungarian algorithm to work efficiently in
dynamic environment like cloud. The availability status and
load on each virtual machine are to be updated periodically
and assigning tasks dynamicallv.

Index Terms-- cloud computing, load halancing, tasks, virtual
machine( VM hungarian method.

L INTRODUCTION

A Cloud can be considered as an enormous collection of
resources, Cloud computing is providing casy accessibility
for required services and users can also deploy applications
at competitive costs. Large data centers provide services
through various cloud platforms. Cloud computing provides
services at infrastructure level are called as infrastructure as
A Service.

The cloud service provider (C5P) makes on demand
provisioning of hardware like processing power, IO, large
amounts of storage ete.Users accesses the services of cloud
through a wvirtual machine, where number of  virtual
machines share a single physical server. Cloud computing
provides a service oriented platform for cloud users.

The following eloud architecture is a three tier architecture
where the number of clients are conneted to the data
center{ DBServer). Here the data center is the collection of
host machines. The clients are sending their reguests
through client machines or virtual machines, The estimated
cost to process the requests depends on the processing
power of the data center and how the requests are scheduled
s0 that the load on each virtwal machine is distributed
evenly to avoid delay and improve throughput.

Figure 1. Three tier clowd architeciure

A Load balancing in clouwd

The Ioad balancing in cloud computing is dynamic ie
clond cannot rely on the prioe knowledge whereas it takes
into account run-time statistics. It is complex o maintain
the stability of processing so many jobs m the cloud
computing environment, The closd provider installs
heterogeneous resources, The resources are flexible to users
in dynamic environment. In this scenario the requirements
of the users are granted flexibility (i.e. they may change at
run-time). Algorithm proposed to achieve load balancing in
dynamic environment can easily adapt to run time changes
in load. Dynamic environment is difficult to be simulated
but is highly adaptable with clowd computing environment,
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Figure 2. load halancing in cloud

Figure 2 shows the load balancing in cloud where the
load balancer schedules tasks{cloudlets) to the
corresponding  virtual machines{VM-1._.VM-n) using the
appropriate algorithm such that the cost of the processing
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should be minimized and servicing the number of users
should be maximized. Here the virtual machine manager is
responsible to allocate and monitor  the virual machines.
Data center controller is processing the tasks(cloudlets)
using the load balancer algorithm, In designing this paper
the optimum load balancing algorithm to minimize the cost
is discussed.

I. RELATED WORK

A. Clowd Service Scheduling

Scheduling of cloud services can be categorized at user
level and system level, User level scheduling deals with
problems raised by service provision between providers and
customers. The system level scheduling handles resource
management within data center. Data center consists of
many physical machines. Millions of tasks from users are
received and assignment of these tasks to physical maching
i done at data center. This assignment or scheduling
significantly impacts the performance of clowd. In addition
to system utilization, other requirements like QoS, SLA,
respource sharing, fault tolerance. reliability, real time
satisfaction etc, should be taken into consideration.

B. User Level Scheduling

Market-hased and auction-based schedulers are suitable for
regulating the supply and demand of cloud resources,
Market based resource allocation is effective in cloud
computing environment where resources are virtualized and
delivered to user as a service, Service provisioning in
Clouds is based on Service Level Agreements (SLA). SLA
represents a contract signed between the customer and the
service provider stating the terms of the agreement
including  non-functional  requirements of the service
specified as Quality of Service (QoS), obligations, and
penalties in case of agreement violations, Thus there 35 a
need for scheduling strategies considering multiple SLA
parameters and efficient allocation of resources. The focus
of model is to provide fair deal to the users and consumers,
enhanced quality of service as well as generation of optimal
revenue.

C. Svstem Level Schedufing

System level scheduling is scheduling virtual machines to
the corresponding physical machines. While scheduling
virtual machines, the scheduler needs to consider the
capacity of each physical machine and some threshold
value must be chosen for each physical machine depending
om the capacity. The load of each physical machine must be
updated for every assignment and when the load reaches the
threshold  value, The migration or  transfer of  virtual
machines must take place. The transfer may be static or
dynmamic. Static transfer considers the transfer of volume
only where as dynamic transfer has to consider the state of
virtual machine along with volume. Downtime of virtual
machine 1% important to be considered to improve the
performance of clowd. Dynamic transfer is complex o

implement with no or less downtime but static transfer
have more downtime. This needs to be considered in server
scheduling.

L MATHEMATICAL MODEL
A, Hungarian Method

The Hungarian method is a combinatorial optimization
algorithm which was developed and published by Harold
Kuhn mn 1955, This method was ongimally invented for the
best assignment of a set of persons to a set of jobs, It is a
special case of the transportation problem. The algorithm
finds an optimal assignment for a given “n x n" cost matrix.
Assignment problems deal with the question how to assign
n items (e.g., jobs) 0 n machines {or workers) in the best
passible way [...]. Mathematically an assignment is nothing
but a bijective mapping of a iimte set into sell [, .17

The Hungarian algorithm can alse be uwsed for a
maximization problem in which case we first have to
transform the matrix. For example a company wants to
assign different workers to different machines. Each worker
is more or less efficient with each machine, The efficiency
can be defined as profit. Higher the number, is higher the
profit,

For Solving the assignment problem create one table based
on the value of data, we call it as cost matrix. With the
determined optimal solution we can compute the maximal
profil.

- Worker] == Machinz2 - 9

- Waorker2 == Machined - 11

- Workerd => Machine3 - 13

- Workerd => Machinel - 7
Steps

1. Find the minimum from each row and subtract the
minimum from all the rows.

2. Find the minimum from each row and subtract the
minimum from all the rows.

3. Assign one zero (07) to each row and columi.

3. Cover all zeros with a minimum number of lines.

4. Create additional zeros if required.

5. Map all zeroes then this will give the minimum cost,

Existing work was using balanced assignment ie the
assignment was square matrix, the number of sources and
destinations are equal. This type of assignment problems
can be considered as balanced assignment. This can be
represented as a square matrix, but in cloud environment
this may not work as the cloud is servicing number of
requests with minimum resources compared o the requests.
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The following table gives the general Hungarian
assignment, where number of tasksisouces) are equal to the
virtual machines(destinations) so that this can be
represented as a square matrix. The servicing tme is
represented as the cost matrix,

B. Hungarian Method for load balancing in clowd

Load balancing problem can be represented as a fwa
dimensional cost matrix, Resources are represented in a
column and tasks who need resowrces are represent in a
row.

The hungarian method can be used for assignment of
tasks to virtwal machines. Based on the virtual machine's
current load and capacity the tasks are to be assigned to the
corresponding virtual machines dyvnamically. Whenever the
cost matrix of an assignment problem is nol a square
matrix, that is, whenever the number of sources is not egual
to the number of destinations, the assignment problem is
called an unbalanced assignment problem. In such
problems, dummy rows (or columns) are added in the
matrix so as to complete it to form a sguare matrix. The
dummy rows or columns will contain all costs elements as
ZErDes,

Periodically checking the availability and load on each
virtwal machine by a load balancing algorithm then assigns
the tasks to the corresponding virtual machine if its capacity
15 more than the required capacity to process the request
and its availability status is free.

repeat |

Step I: Imitialize the capacity(VC[iD) of each virtual
machine VM),
VC[i] = VM Capacity in MIPS

Step 2 : Initialize the Length of each Task

TLIj| = Length of Request in MI
Step 3 Initialize the availability statws  of each
VM=available, VYmuliloitmic

Step 4: Find Execution Time for each Request to VM if
VM, [1]=available
Ex_Timeli][j]= TL[jI'¥C[i] Seconds

Step 5 : Construct Expected Cost Matrix ECM[V.R]

Step 6 : Find out Mimimum Execution Time from each row
and subtract it from entire row,

Step 7 : Find out Minimum Execution Time from each
column and subtract it from entire column.

Step 8 : Cover all zeroes with minimum number of lines.
If, No.of zero = number of resources then go to step 9,
Else, go to siep 8.

Step ¥ : Find minimum value which is not covered by any
row and column and Subtract it from wncovered row and
add it from value which is twice covered by line.

Step I : This matrix and original matrix are © be
compared  and  choose  best  resources(VM)  for  the
assignment of tasks and vpdate the assignment status of
WM as busy.

} untif there is no job left unassigned
Step 11: The above process should be repeated infinitely,

As the cloud is providing service based computing for n
number of users for all the time until there is no resource
available, but ideally the resource must be available all the
time as the cloud s a collection of eénormows pool of
resources as per definition. And once after the request is
serviced again the availability status of the virtual machine
must be updated to be available. so the load balancer
algorithm should wpdate the availability status and load on
exch resource {virtual macine) periodically.

IV, IMPLEMENTATION AND RESULTS
When we apply the above algorithm on the test data it

shows the following results,

Steps 18&2: According o the considered capacities and task
lengths, the following assignments were taken

VM capacity (MIPS) Task LengthiMI)
120 9000
150 8000
180 6000
200 5000

Steps 3&4: According to the cstimated execution times
calculated on the comesponding virtual machines , The
following Execution time matrix is formed. Here there are
four tasks and three vims, so it is an unbalanced assignment

Task/¥M | Taskl | Task2 | Task3d | Taskd
W1 | 30 | 40 | S0 |40
VM2 | 4 | 30 | 25 | 20
W3 4y 5 45 44

Step 50 Add a dummy rTow as the number of

resources( W Ms) are less than the number of Tasks o be
processed

Step & Now Apply Hungarian for finding  optimum
assignment, subtract min cost value from cach row,
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Task/¥M Taskl Task2 Task3 Task4
VMI 0 12 6 16
VM2 15 5 0 8
VM3 0 5 18 1
Dummy VM 0 0 0 0

Step 7 : Here column wise reduction is not required as each
column contains zero, draw minimum nember of lines o
draw all zeroes.

Task/VM Taskl Task2  Task3 Task4
VM 0 12 6 16
Wh2 .IS .5 .'[J :-'-‘i
WM3 .{I .5 . 15 .1I
Dummy WM .[I .{) .'D .CI-

Step 8 Number of lines !=order of the matrix, Hence not
optimal, again choose minimum for uncovered elements

Step 9; Here it is 5, subtract 5 from all uncovered elements

Task VM | Taskl Task2 [ Task3 Task4

VM1 0 7 |1 11
VM2 10y 0 0 3

WM3 1] 0 13 &

Dummy | (0 0 0 0

VI

Step 10: Cover all zeroes with minimum number of ling

Step 11: Number of resources=Mumber of lines, Then
compare this matrix with original matrix and choose
optimal assignment

According to hungarian methods the above assignment
gives the optimum assignment so that the overall cost can
be minimized.

¥. CONCLUSIONS

Thiz work s applying the hungarian algorithm for load
balancing in clowd environment. As the clowd resources are
dynamic in nature and tasks are also dvnamic, the existing
hungarian algorithm is extended by adding availability
status for each resource periodically and the available
resources may not be equal to the required tasks to be
completed so the problem can be formulated as unbalanced
assighment..  In  this  algorithm  expected  cost
matrices{ ECM) are generated and based on the resulis of
the hungarian algorithm the load balancer knows about
which task have w schedule by which VM, Here the
prioritics of tasks are not considered.  Using extended
hungarian method we can allocate resources dynamically
for huge amount of tasks dynamically and also the
hungarian method is simple to implement and works in
balanced as well as in unbalanced conditions.
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