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ABSTRACT
Cloud computing is a general term for anything that can be accessed as the service over the internet. From the
technical point of view, two pillars of cloud computing are service-oriented architecture and virtualization. The
important progress seen lately in virtualization is due to the development of several virtual machine
hypervisors. Virtual Machine technology enables multiple OS environments to coexist on the same physical
computer in strong isolation from each other. To evaluate the performance of the Cloud infrastructure, I have
selected a scientiﬁc computing application and well known synthetic benchmark, the Linpack numerical library.
Using this application I will evaluate the impact in performance of several key factors in cloud computing such
as the inﬂuence of the number of virtual machines employed per host, as well as the I/O operations, on the
performance of the Linpack benchmark. Linpack benchmark was executed under different conﬁguration of the
physical host, with and without hyperthreading, and with the virtual machines managed using the VMWare
hypervisor.
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I INTRODUCTION
Cloud computing is a general term for anything that can be accessed as the service over the internet. The
services can be Infrastructure as a Service (IaaS), Platform as a Service (PaaS), Software as a Service (SaaS)
and Storage as a service [1]. The key properties of the cloud computing is user centric, task centric, powerful,
accessible, intelligent and programmable. In order to do this type of project, it need to deploy the project to the
cloud so that the project can be accessed from anywhere from the internet enabled locations.
However, at the same time there are some major obstacles that need to be tackled, such as data transfer
bottlenecks due to the more and more data-intensive applications or performance unpredictability issues.
From the technical point of view, two pillars of cloud computing are service-oriented architecture (SOA) and
virtualization of hardware and software [2, 3]. The important progress seen lately in virtualization is due to the
development of several virtual machine hypervisors.
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Many years ago, a problem aroused. How to run multiple operating systems on the same machine at the same
time? The solution to this problem was virtual machines. Virtual machines monitor the core part of virtual
machines sits between one or more operating systems and the hardware and gives the illusion to each running
OS that it controls the machine. Behind the scenes, however, the monitor actually is in control of the hardware,
and must multiplex running OS’s across the physical resources of the machine. Indeed, the VMM serves as an
operating system for operating systems, but at a much lower level; the OS must still think it is interacting with
the physical hardware. Thus, transparency is a major goal of VMMs [4, 5].
Virtual Machine technology begins to emerge as a focus of research and deployment. Virtual Machine
technology such as Xen, VMWare, Microsoft Virtual Servers, and new Microsoft Hyper-V technology etc,
enables multiple OS environments to coexist on the same physical computer in strong isolation from each other.
VMs share the conventional hardware in a secure manner with excellent resource management capacity, while
each VM is hosting its own operating system and applications. Hence, VM platform can facilitate serverconsolidation and co-located hosting facilities [3-5].
To evaluate the performance of the Cloud infrastructure, I have selected a scientiﬁc computing application and
well known synthetic benchmark, the Linpack numerical library. Using this application I will evaluate the
impact in performance of several key factors in cloud computing: the number of virtual machines per host, the
inﬂuence of the hyper threading and the hard disk I/O. This paper is organized as follows: Section II discuses
Virtual machine and explores VMWare. Section III list and explores the parameters used for measuring the
performance of cloud infrastructure. Section IV describes the main characteristics, history and variants of the
Linpack application used as benchmarks. Section V presents the performance measurement methodology of this
study.

II VIRTUAL MACHINE
From the technical point of view, two pillars of cloud computing are service-oriented architecture (SOA) and
virtualization of hardware and software [1]. The important progress seen lately in virtualization is due to the
development of several virtual machine hypervisors. Many years ago, a problem aroused. How to run multiple
operating systems on the same machine at the same time? The solution to this problem was virtual machines.
Virtual machines monitor the core part of virtual machines sits between one or more operating systems and the
hardware and gives the illusion to each running OS that it controls the machine. Virtual Machine technology
begins to emerge as a focus of research and deployment. Virtual Machine technology enables multiple OS
environments to coexist on the same physical computer in strong isolation from each other. VMs share the
conventional hardware in a secure manner with excellent resource management capacity, while each VM is
hosting its own operating system and applications [4, 5].
Indeed, the VMM serves as an operating system for operating systems, but at a much lower level; the OS must
still think it is interacting with the physical hardware. Thus, transparency is a major goal of VMMs [5].
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Figure 1: Overview of VM Architecture
Today virtual machine has become popular due to various reasons. Server consolidation is one such reason. In
many settings, people run services on different machines which run different operating systems, and yet each
machine is lightly utilized. In this case, virtualization enables an administrator to consolidate multiple Operating
systems onto fewer hardware platforms, and thus lower costs and ease administration [5, 6]. Virtualization has
also become popular on desktops, as many users wish to run one operating system but still have

2.1 VMware
VMware is a virtualization and cloud computing software provider for x86 compatible computers. VMware Inc.
is a subsidiary of EMC Corporation, well known in the field of system virtualization and cloud computing.
VMware's software allows users to create multiple virtual environments, or virtual computer systems, on a
single computer or server. Essentially, one computer or server could be used to host, or manage, many virtual
computer systems, sometimes as many as one hundred or more. The software virtualizes hardware components
such as the video card, network adapters, and hard drive. For businesses, this is especially useful for setting up
multiple server systems without having to purchase separate hardware for each of them. They can create virtual
servers using VMware's software, saving a lot of time and money [6].
VMware released its first software program, called VMware Workstation. In 2011, VMware entered the cloud
computing market by releasing Cloud Foundry, an open source platform-as-a-service software system. This
cloud computing system was designed to support applications build on Java, Ruby on Rails, Sinatra, and as well
as provide support for MySQL, MongoDB, and other database platforms. The heart of virtualization is the VM,
a tightly isolated software container with an operating system and application inside. Because each virtual
machine is completely separate and independent, many of them can run simultaneously on a single computer. A
thin layer of software called a hypervisor decouples the virtual machines from the host and dynamically
allocates computing resources to each virtual machine as needed.
A hosted x86 virtualization monitor which can run a guest operating system unmodified with some performance
loss. The x86 architecture offers four levels of privilege known as Ring 0, 1, 2 and 3 to operating systems and
applications to manage access to the computer hardware. While user level applications typically run in Ring 3,
the operating system needs to have direct access to the memory and hardware and must execute its privileged
instructions in Ring 0 [3-5].
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Figure 2: A snapshot of VMWare
Virtualizing of x86 architecture’s require placing a virtualization layer under the operating system to create and
manage the virtual machines that deliver shared resources. Some sensitive instructions cannot effectively be
virtualized as they have different semantics when they are not executed in Ring 0. The difficulty in trapping and
translating these sensitive and privileged instruction requests at runtime was the challenge that originally made
x86 architecture virtualization look impossible. VMware resolved the challenge by developing binary translation
techniques that allow the VMM to run in Ring 0 for isolation and performance, while moving the operating
system to a user level ring with greater privilege than applications in Ring 3 but less privilege than the virtual
machine monitor in Ring 0. It does not support Hyper Threading3 and requires a host operating system, which
means an extra layer and additional overhead.

III PARAMETERS
Using Linpack, I will evaluate the impact in performance of several key parameters in cloud computing: the
number of virtual machines per host, the inﬂuence of the hyper threading and the hard disk I/O.

3.1 Hyperthreading Influence
Hyper-Threading is a technology used by some Intel microprocessors that allows a single microprocessor to act
like two separate processors to the operating system and the application program s that use it. With HyperThreading, a microprocessor's core processor can execute two concurrent threads of instructions sent by the
operating system. Having two threads of execution units to work on allows more work to be done by the
processor during each clock cycle. To the operating system, the Hyper-Threading microprocessor appears to be
two separate processors. Because most of today's operating systems are capable of dividing their work load
among multiple processors, the operating system simply acts as though the Hyper-Threading processor is a pool
of two processors.

22 | P a g e
www.ijarse.com

International Journal of Advance Research In Science And Engineering
IJARSE, Vol. No.3, Issue No.7, July2014

http://www.ijarse.com
ISSN-2319-8354(E)

Figure 3: Hyperthreading Overview
Hyper-threading is a technology which is used in certain Pentium 4 processors and all Intel Xeon processors.
While hyper-threading can improve processing performance, software must support multiple processors to take
advantage of the technology. Fortunately, recent versions of both Windows and Linux support multiple
processors and therefore benefit from hyper-threading. Hyper-threading allows the two programs to be
processed as separate threads at the same time. However, individual programs can only take advantage of Intel's
HT Technology if they have been programmed to support multiple processors.

3.2 I/O performance
This parameter monitors the performance of I/O when Linpack is run concurrently with processes that make an
intensive use of the hard disk. This work uses the NFS as file system.

3.2.1 NFS
A Network File System (NFS) allows remote hosts to mount file systems over a network and interact with those
file systems as though they are mounted locally. This enables system administrators to consolidate resources
onto centralized servers on the network. Currently, there are three versions of NFS. NFS version 2 (NFSv2) is
older and is widely supported. NFS version 3 (NFSv3) has more features, including support for 64-bit file sizes
and offsets, to handle files larger than 2 gigabytes (GB); support for asynchronous writes on the server, to
improve write performance; additional file attributes in many replies, to avoid the need to re-fetch them; a
READDIRPLUS operation, to get file handles and attributes along with file names when scanning a directory;
and assorted other improvements. NFS version 4 (NFSv4) works through firewalls and on the Internet, no
longer requires portmapper, supports ACLs, and utilizes stateful operations. Red Hat Enterprise Linux supports
NFSv2, NFSv3, and NFSv4 clients, and when mounting a file system via NFS, Red Hat Enterprise Linux uses
NFSv3 by default, if the server supports it.
To run an NFS server, the portmap service must be running. To verify that portmap is active, type the following
command as root: service portmap status. If the portmap service is running, then the nfs service can be started.
To start an NFS server, as root type: service nfs start. To stop the server, as root, type: service nfs stop. The
restart option is a shorthand way of stopping and then starting NFS. The network ﬁle system used is NFS V3
with the following conﬁguration:
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Table 1: NFS V3 Parameters with their and configuration

3.3 Number of Virtual Machine
This parameter evaluates the impact on the performance of the number of virtual machines. The virtual Machine
technology begins to emerge as a focus of research and deployment. Virtual Machine technology enables
multiple OS environments to coexist on the same physical computer in strong isolation from each other.

IV BENCHMARK
To evaluate the performance of the Cloud infrastructure, I have selected a scientiﬁc computing application, a
well known synthetic benchmark, the Linpack numerical library [7, 11]. Using this application, I will evaluate
the impact in performance of several key factors in cloud computing: the number of virtual machines per host,
the inﬂuence of the hyper threading and the hard disk I/O. The core of Linpack applications is the solution of
linear systems of equations, which are dense matrices for Linpack. Next, I am going to describe the main
features of each application.

4.1 LINPACK (LINear system PACKage)
The LINPACK package is a collection of FORTRAN subroutines for solving various systems of linear
equations and linear least-squares problems. The software in LINPACK is based on a de-compositional
approach to numerical linear algebra. The package has the capability of handling many different matrix and data
types and provides a range of options. The package solves linear systems whose matrices are general, banded,
symmetric indefinite, symmetric positive definite, triangular, and tridiagonal square. It also computes the QR
and singular value decompositions of rectangular matrices and applies them to least-squares problems.
LINPACK uses column-oriented algorithms to increase efficiency by preserving locality of reference. The
LINPACK package was based on another package which is called Level 1 Basic Linear Algebra Subroutines
(BLAS) library. BLAS carried out most of the floating-point work within the LINPACK algorithms. BLAS also
work out with different linear equations and linear least-squares problems and makes it possible to take
advantage of special computer hardware [5-8].
In the LINPACK Benchmark, a matrix of size 100 was originally used because of memory limitations with the
computers. Such a matrix has 10,000 floating-point elements and could have been accommodated in most
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environments of that time [5, 6]. This was done so users could estimate the time required to solve their matrix
problem by extrapolation. Over the years additional performance data was added and today the collection
includes over 1300 different computer systems. In addition to the increasing number of computers, the scope of
the benchmark has also expanded.

Figure 4: A sample output from Linpack 100
LINPACK was designed for applying to supercomputers in the early 1980s and now acts as one of the most
authoritative benchmarks in high performance computers. The TOP 500 computers in the world are sorted by
the LINPACK’s result. To follow the development of computer architectures, LINPACK evolves into
EISPACK and LAPACK. EISPACK mainly dedicates to numerical computation of the Eigen values and
eigenvectors of matrices. LINPACK measures the actual peak value of float-point computing power indicated in
giga of float-point operations per second (GFLOP) [7, 9].
LINPACK was chosen because it is widely used and performance numbers are available for almost all relevant
systems. A detailed description as well as a list of performance results on a wide variety of machines is available
in postscript form from netlib. The benchmark used in the LINPACK Benchmark is to solve a dense system of
linear equations. For the TOP500, we used that version of the benchmark that allows the user to scale the size of
the problem and to optimize the software in order to achieve the best performance for a given machine. This
performance does not reflect the overall performance of a given system, as no single number ever can. It does,
however, reflect the performance of a dedicated system for solving a dense system of linear equations. Since the
problem is very regular, the performance achieved is quite high, and the performance numbers give a good
correction of peak performance.
In multiprogramming environments it is often difficult to reliably measure the execution time of a single
program. We trust that anyone actually evaluating machines and operating systems will gather more reliable and
more representative data. To run the timing programs, one must supply a real function SECOND which returns
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the time in seconds from some fixed starting time. There is only one ground rule for running this benchmark. No
changes are to be made to the FORTRAN source code, not even changes in the comments. The compiler and
operating system must be generally available. Results from a beta version of a compiler are allowed, however
the standard compiler results must also be listed.

4.2History
The LINPACK benchmark report appeared first in 1979 and was designed to help users estimate the time
required by their systems to solve a problem using the LINPACK package, by extrapolating the performance
results obtained by 23 different computers solving a matrix problem of size 100. This matrix size was chosen
due to memory and CPU limitations at that time. 10000 floating-point entries from -1 to 1 are randomly
generated to fill in a general, dense matrix.
Over the years, additional versions with different problem sizes, like matrices of order 300 and 1000, and
constraints were released, allowing new optimization opportunities as hardware architectures started to
implement matrix-vector and matrix-matrix operations. Parallel processing was also introduced in the
LINPACK Parallel benchmark in the late 1980s. In 1991 the LINPACK was modified for solving problems of
arbitrary size, enabling High Performance Computers to get near to their asymptotic performance. Two years
later this benchmark was used for measuring the performance of the first Top500 list [9, 10].

4.3 Linpack Variant
LINPACK 100 is very similar to the original benchmark published in 1979 and obtained by Gaussian
elimination with partial pivoting with 2/3n³ + 2n² floating point operations where n is 100, the order of the dense
matrix A that defines the problem. Its small size and the lack of software flexibility do not allow most modern
computers to reach their performance limits. However, it can still be useful to predict performances in
numerically intensive user written code using compiler optimization. LINPACK 1000 can provide a
performance nearer to the machine's limit because to offering a bigger problem size, a matrix of order 1000,
changes in the algorithm are possible. The previous benchmarks are not suitable for testing parallel computers.
For that Linpack’s Highly Parallel Computing benchmark or HP Linpack benchmark was introduced. In
HPLinpack the size n of the problem can be made as large as it is needed to optimize the performance results of
the machine [10, 11].

V PERFORMANCE MEASUREMENT METHODOLOGY
TO Evaluate and analyze the influence of hyper-threading, number of virtual machines employed per host and
I/O operations on the performance of Virtual Machine, I use Linpack benchmark. This benchmark will execute
under different configurations of physical host, with and without hyper threading, and with virtual machines
managed using the VMWare hypervisor.
Here I have created a VMware by benchmarking virtual machines using LINPACK. The virtual machines
created were VMware with the fixed configuration on Windows XP SP3 edition as guest OS. The input to the
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LINPACK tool was the problem size. The output is the number of GFlop operations per second. 5 tests were
performed with problem sizes 1000, 3000, 5000, 7000, 10000 their corresponding leading dimensions being
1000, 3008, 5000, 7008 and 10000 respectively. The number of trials will be 1, 2, 2, 3, and 2 respectively with
data alignment value of 4 KB. In order to make a proper Analysis of the results obtained when using Linpack,
use the execution time versus the number of VMs for the Linpack test. The impact of the hyper-threading will
also discussed.

VI CONCLUSION
[

Cloud technologies are drawing the attention from the industry, research centers and the IT community since
they oﬀers the possibility to virtualized services, providing virtual machines to users for their execution.
Currently, there is a wide range solutions for building private, public or even hybrid Clouds. In this paper I have
used the VMWare hypervisor included in this platform to manage the virtualized services. The objective is to
analyze the inﬂuence of the hyperthreading, the number of virtual machines employed per host and the I/O on
the performance of Linpack parallel benchmark.
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