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Abstract

Virtualization plays a vital role in cloud computing. It provides better manageability, availability, optimistic provisioning,
scalability and resource utilization in current cloud computing environments. However the performance issue is a major
concern in virtualization. The performance of the application running inside the virtual machine gets affected by the
interference of the co-virtual machines. This approach provides a novel task scheduling mechanism that allocates the
suitable resources to virtual machines which are running in parallel. An interference prediction scheme is proposed to
utilize characteristics that are collected when an application running on virtual machines to maintain less system overhead.
Nelder-mead method is employed in prediction to create relationship model from the observed response and control
variables. A hybrid algorithm: Ant Colony Optimization and Cuckoo search algorithm with K-means++ is adopted for task
scheduling process. This approach shows effective improvements in terms of throughput and execution time.
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1. Introduction

Cloud Computing (CC) is considered as a novel tech-
nique in the Information Technology arena. This cloud
computing mechanism is considered as the extension
of distributed computing, parallel computing and grid
computing. In CC, delivery models based on its services
are Software as a Service, Infrastructure as a service and
Platform as a Service. The user can access these services
by the Pay per-Use-On-Demand model that allows the
usage of shared IT resources such as data storage, server,
application, network through internet™

In CC, virtualization is a eminent technology where
a single server sharing among multiple customers. In
virtualization, a server is divided into multiple Virtual
Machines (VMs) which provide convenient manage-
ment abstraction and resource confinement among users.
However hypervisor does not provide performance isola-

*Author for correspondence

tion effectively and this leads to existence of interference
in a VM due to other guest VMs remains a bottleneck.
Thus the performance of one VM may be influenced by
other guest VMs if the hypervisor fails to impose suitable
priorities between guests.

Zhang Y et. al.?> proposed a scheduling algorithm to
improve response time, throughput and utilization in
large super computing environment. A schedule algo-
rithm proposed by Angelou et. al® considers workload
interference in order to improve host efficiency and VM
performance.

Rui Han et. al.® proposed a dynamic and interference-
aware scheduler designed for large-scale cloud services.
In this approach, latency of component and performance
are predicted by collecting the workload and resource
data on running services at each scheduling interval. The
interference-aware scheduler identifies the non uniform
components and performs the near optimal component-
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node allocations based on the predicted performance.
This approach is designed with modules namely on-line
monitoring, performance prediction and scheduling.
However this system does not reduces the component
latency variability and tail latency effectively.

Wei Zhang et. al.” designed a Minimal Interference
Maximal Progress (MIMP) scheduling approach that
maintains VM CPU and Hadoop Job scheduling for
interference reduction. It also improves the overall system
efficiency. It increases the cluster utilization by provid-
ing the priority of different VMs and the availability of
resources on various servers. This approach enables web
applications to achieve twice the throughput and gives
response time of the web application which is, as similar
to response time when it runs alone. The execution time
is reduced effectively but this approach is still meet more
deadlines.

Chin-Fu Kuo et. al®studied the issues faced in allo-
cating the resources in a distributed environment for
real-time systems and developed a framework for
resource allocation in a two ways such as on-line and
off-line phase. The first phase uses the greedy approach
whereas the second phase applies the dynamic program-
ming approach for sub-optimal resource configurations.
The author proposed this approach to deal with run-time
overhead which includes time and memory space by
performing resource configuration assignment in a best
possible way.

Yu-Chon Kao and Ya-Shu Chen?® introduced a data
locality aware MapReduce real time scheduling model
which enhances the quality of service for interactive
MapReduce applications. A scheduler is used for sched-
uling two-phase Map Reduce jobs and a dispatcher is
applied for assigning jobs to computing resources by
enabling the consideration of blocking and data-locality.
The author also discussed the dynamic power manage-
ment for run-time energy saving.

Hadi Salimi and Mohsen Sharifi'® proposed a novel
batch scheduler for a consolidated multi-tenant virtual
environment to reduce the interference of running ten-
ant VMs. This is done by pausing VMs based on severity
of impact caused by intensity of interference. In this
approach, the authors discussed a model which identifies
interference by considering utilization of network and
processor of VMs. This model is used in the scheduler
to estimate the interference of a virtualized environment
based on the quantity of concurrent VMs and utilization
of processor and network in VMs.
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From the above observation the prior techniques does
not build a more accurate model and does not reduce sys-
tem overheads effectively. To overcome these limitations,
the efficient task scheduling mechanism proposed in our
paper which uses statistical machine learning techniques
with model and control. The remainder of this paper dis-
cusses proposed methodology in section 2 and results
and discussion in section 3. Section 4 discusses conclu-
sion with future work.

2. Proposed Methodology

The proposed approach is designed for the virtualized
environment to minimize execution time and increase
throughput of data-intensive application. This section
describes the proposed methods and technologies in
detail. The proposed work has two phases: Interference
prediction model and Scheduling phase.

2.1 Interference Prediction Model

Interference Prediction Model extrapolates the perfor-
mance of the running data-intensive application in terms
of resource utilized by VM. In this approach, Nelder-
Mead method* is utilized to frame the relationship
between the observed response and controlled variable.
This is done by characterize each application by con-
trolled variables such as the read throughput, the write
throughput, incoming bandwidth, outgoing bandwidth,
Number of Processors, CPU utilized by guest VM and
CPU utilized by virtual machine monitor.

2.1.1 Nelder-Mead Method

The Nelder-Mead method is represented as a downhill
simplex and numerical method to obtain the minimum/
maximum objective function in a multidimensional
space. The Nelder-Mead method"!? is adopted widely as
direct search method to solve unconstrained optimization
problem. Consider the term, ming(a), where :R' = R
is a objective function in I dimension. Given / dimen-
sion a simplex is denoted with vertices @as s @i+
. This method repetitively produces a series of simplices
to approximate an optimal point of Min (@), Based on
objective function values, vertices @5 of the simplex
are ordered at each iteration. The objectives values are

gla)=gla) = - = gla;.,) (1)
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where @1 denotes the best vertex and #i+1 denotes
worst vertex. According to Jeftrey C. Lagarias et. al.%, the
objective values of several vertices are same, then rules to
be followed to handle tie-breaker. The method performs
four operations namely reflection, expansion, contraction
and shrink. Each operation has a parameter which are

scalar and denoted as # , # , T and 6 for reflection, expan-
sion, contraction and shrink respectively. The values of
these satisfy # >0, % >1,0< & <1,and 0 < 8 <1.If & be

the centroid of [ best vertices then,

I @

2.1.2 Model Training and Learning

Interference profile is generated for an application by run-
ning it in a single VM while remaining VMs are running
different workloads in background in an environment
where there are n VMs. By doing so a collection of infor-
mation is obtained on interference effects under several
background workloads. This approach can be simply
automated and it helps online learning from interfer-
ence prediction mechanism in a cloud platform. When
it is not possible to obtain interference relationships
among multiple applications, this model can be moni-
tored and updated dynamically. This is due to the changes
in operating systems, application workloads, VMs, and
infrastructures of cloud environment.

2.2 Hybrid Optimization Algorithm with
K-means++

Based on the model training phase the available virtual
machine is clustered according to the CPU capacity
using K-means ++ algorithm®. The incoming task is allo-
cated to each cluster by Hybrid algorithm: Ant Colony
Optimization (ACO) and Cuckoo Search (CS).

ACO is an efficient algorithm for solving the compu-
tational problems that finds the best path using graphs.
An ant deposits pheromone during the food searching
process that can be used for exchange of information, like
the status of their “work” The ant searches the food source
and then it reverts to nest. While coming back, a trace of
pheromone is left in the path by it. Iteration is based on
ant movement from one state @’ to another ‘b. Each ant
K performs set Ax{@) of optimal expansion to current

state of an ant during each loop. Move attractiveness &ab
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and the trail of the move T "ab are the two moves used to
£
measure the probability # ab of the moves from one state

to another. The probability of the X" ant from the state
fromato b is:
o, = (Trés)(“g's)
P ST (3)

where T7abrepresents the pheromone amount

Qo <

deposited from state @ to ‘b’ ’¢’ is used for controlling the
impact from T "ab. Cab denotes state transition desir-

ability. d is for controlling the influence of ®ak. When
the solution is completed by all the ants, Pheromone
updated by the following equation is:

agy « (1 —Cplags +Z’—"“£§s

(4)
where Cz denotes coefficient of pheromone evapora-
K
tion. A% gy represents state intensity of pheromone by &

thant.

CS is a powerful algorithm with the feature of sim-
plicity. It uses a single parameter pa with n denotes
population size. Implementation of this approach is sim-
ple and it is adopted as suitable one when breed behavior
to be followed. Thus it is applied in various combinatorial
optimization problems. CS provides improved perfor-
mance when compared with Meta Heuristic algorithms.
In CS, each egg represents a solution in the nest. It aims
at obtaining the best solution by replacing the solution
which are not so-good. The equation of deriving the new
solution from the application of random walk and Levy

flights is
Herg = X, + G (5)

G+ is normal distribution obtained by Levy flights. §
represents a fixed number of iterations to determine dis-
tant of a random walker.

A novel optimization algorithm is developed by com-
bining benefits from ACO and CS. In ACO, ants move
in random directions in order to find food source around
the colony. During this process, the ants deposit phero-
mone on their path. In solving optimization problems, a
local search is performed which takes considerably more
time. The above draw backs can be overcome by using
cuckoo search. CS performs local search in ACO to over-
come the above problem. One of the benefits of CS is that,
distinct parameter is used apart from population size. In
this approach the hybrid algorithm is used to schedule the
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task in the available VM in cluster. The following proce-
dure is performed in each cluster to effective schedule the
task in available resources.

Step 1: Imtialization
Initialize the random nests (R n)
Pheromone trail, heunistic information [Hf-'!fo I,
Step 2: Get Input task from 1ton
Step 3: Apply transition nules
Step 4: for eachtaskl1 to Tk do
For each virtual machine V"1 to V7 do
Assin T2 = Vm
End for
End for
Step 3: perform random walk by cuckoo search from equation 3
Step 6: Pheromone ypdation
For each pheromone PR1 to Phy do
Step 7: Evaluate £ Zb using equation 3
Step &: perform the pheromone tail ypdation by equation 4
Step 9:if current task 2 ntask
Then n+— and go to step 2

Step 10: Retum value

Figure 1. Pseudo code of ACO and cuckoo search algorithm.

3. Results and Discussion

The experiment is developed in Java language using the
Net beans IDE with the hardware configurations: Intel
Core2 duo CPU, 3.40 GHz; RAM size, 4GB; Hard disk,
500 GB. Cloudsim simulator tool is used for simulating
the virtualized environment and Mysql is used as data-
base. The proposed work is implemented using input files
like PDE Text and Image types. Hybrid ACO and CS with
K-means++ algorithm obtains the efficient result with
throughput, execution time as performance analysis.

The throughput measures number of tasks accom-
plished per second. Through this parameter, efficiency
of the proposed work can be determined. The parameter
such as execution time and the workload are used to mea-
sure the throughput.

Table 1. Execution time and throughput from various
numbers of files.

No. of Files | Execution Time (Sec) | Throughput (GB)
10 6 0.36
20 6.5 0.39
30 6.9 0.43
40 7.5 0.45
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When the number of tasks varies, the difference in
execution time and the throughput of hybrid algorithm
is shown in Table 1. In hybrid algorithm, the parameters
such as bandwidth and number of processors are used to
measure the performance of algorithm. Table 2 shows the
execution time and throughput of hybrid algorithm with
bandwidth and number of processors.

Table 2. Execution time and throughput with different
bandwidth and number of processors.

Bandwidth Number of | Execution | Throughput
processors Time(Sec) | (GB)
1478.228329 | 2 8.2 0.48
3391.135942 | 2 7.9 0.42
2672.404207 |3 7.1 0.40
1921.456323 |1 8.7 0.57

Figure 2 gives throughput comparison for the hybrid
ACO and Cuckoo search with k-means++ and the exist-
ing PSO based K-means++ algorithm. The proposed work
has throughput of 0.48 GB/per second which is higher
than existing technique as shown in Table 3.

Table 3. Performance evaluation on throughput.

Algorithms Throughput (GB)
ACO and Cuckoo search with 0.48
K-means++
PSO based K-means++ 0.2
Throughput (GB)

0.6

0.5 048

04

03

0.2
02
01
0 |
B ACOand Cuckoo searchwith K-Meanst+ ®PSO based K-Meanst+

Figure 2. Performance evaluation on throughput.

Figure 3 gives the execution time of hybrid approach
compared with existing method. The proposed ACO and
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cuckoo with k-means++ obtains 8 seconds whereas PSO
based K-means++ obtains 20 seconds is shown in Table 4.

Table 4. Performance evaluation on execution time.

Algorithms Execution time (Seconds)
ACO and Cuckoo search with | 8
K-means++
PSO based K-means++ 20
Execution Time (Sec)
15
20
20
15
10 8
5
0 T )
Algorithms
B ACO and Cuckoo searchwith K-MeansH+ BPRO based K-MeansH

Figure 3. Performance evaluation on execution time.

4. Conclusion

In cloud environment, it is a real challenge to manage and
allocate resources among the virtual machines. In order
to maintain the better resource utilization, this approach
provides a novel task allocation mechanism based on
Ant Colony Optimization and Cuckoo Search algorithm
with k-means++. An interference prediction scheme is
proposed based on Nelder-mead method to utilize char-
acteristics which are collected from an application when
running on virtual machines to maintain less system
overhead. A hybrid algorithm is adopted for task schedul-
ing process. The CPU utilization, bandwidth, number of
processor of the virtual machine are consider for the task
allocation to obtain the better resource utilization. The
experiment of proposed research work showed that the
hybrid ACO and cuckoo search with K-Means++ achieves
the better performance than PSO based K-Means++ algo-
rithm. The future work is expected to be in the direction
of by designing different scheduling algorithm with vari-
ous file types.
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