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Abstract
System virtualization can aggregate the functionality of multiple 
standalone computer systems into a single hardware computer. 
It is significant to virtualize the computing nodes with multi-
core processors in the cluster system, in order to promote the 
usage of the hardware while decrease the cost of the power. In 
the virtualized cluster system, multiple virtual machines are 
running on a computing node. However, it is a challenging 
issue to automatically balance the workload in virtual machines 
on each physical computing node, which is different from the 
traditional cluster system’s load balance. In this paper, we follow 
management framework for the virtualized cluster system, and 
automatic performance tuning strategy to balance the workload 
in the virtualized cluster system. In this paper we propose a 
VMViewer which allocates the resources dynamically to multiple 
VMs which  increases the performance of the cluster system. The 
experimental result indicates that the proposed method enhances 
the performance with compare to the previous systems.
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I. Introduction
Shared-Memory Multiprocessor (SMM) systems provide a 
simple programming model compatible with a large base of 
existing applications and operating systems. They naturally lend 
themselves to providing a Single System Image (SSI) running 
a single Operating-System (OS) instance with a single resource 
name space. With the development of the computer technology, the 
multi-core processor gradually becomes popular in the computer 
system. Virtualization technology [1-2] is a good way to aggregate 
the functionality of multiple standalone computer systems into 
a single hardware computer, in order to promote the usage of 
the multi-core processor. Differing from the traditional system 
software stack, a Virtual Machine Monitor (VMM) is inserted 
between the operating system level and the hardware level in the 
virtualized system.
In the virtual machine system, multiple Virtual Machines (VMs) 
with a specified individual instance of the operating system are 
running simultaneously on the top of the VMM. Currently, examples 
of system virtualization include VMWare [3], Xen [4], Denali 
[5], etc. Virtualization technology can be applied to the cluster 
computing system in order to improve the usage of computing 
nodes with multi-core processors. Multiple VMs are running on a 
computing node, which are treated as standalone virtual computing 
nodes. Besides the potential performance benefit, virtualization 
makes it easier to migrate workloads between computing nodes in 
the cluster computing system [6-7]. When a VM being migrated, its 
entire OS and all of its applications are transferred as one unit from 
one computing node to the other computing node. This method 
can avoid many of the difficulties faced by process-level migration 
approaches. In particular, the interface between a guest operating 
system and the VMM is related narrow so that it is easy to avoid the 

problem of residual dependencies [8]. When a computing node is 
overloaded, a VM on it will be chosen and be migrated to the other 
underloaded computing node in the cluster system conveniently 
and seamlessly. The combination of virtualization and migration 
significantly improves manageability for the cluster computing 
system. Virtualization may potentially bring benefit to the cluster 
system in the aspect of performance and management as discussed 
above. The challenging issue is how to effectively manage the 
virtualized cluster system based on virtualization technology for 
achieving the high performance. The motivation of this paper is 
to achieve the goal of the automatic performance tuning for the 
virtualized cluster system. The main contribution of this paper 
includes as follows.We propose a technique called VMViewer for 
the virtualized cluster system to manage all physical computing 
nodes and VMs on these nodes. Based on the framework, we 
present an automatic performance tuning strategy to balance the 
workload in the virtualized cluster system, which can not only 
balance the resource allocation between VMs in a physical node, 
also balance the workload between different nodes in the cluster 
system. In this paper, we assume that applications running on 
VMs are the web servers.

II. Related Work
The performance tuning issue in the virtualized cluster had close 
relationship with the task scheduling and process migration 
in the traditional cluster. The cluster system can offer high 
performance, high throughput and high availability at a relatively 
low cost for the corresponding application scenario. The Condor 
system [18], is a high throughput cluster system, who aims to 
maximize the utilization of workstations with the usage of the 
job migration. Condor adopts the checkpoint technology to save 
enough information for the migrated job before transferring it to 
another workstation. Along with Condor, there are a wide variety 
of powerful batch execution systems such as LoadLeveler (a 
descendant of Condor), LSF and PBS. Currently, an interesting 
project is Tashi [19], which is a cluster management system based 
on virtualization for the emerging cloud computing.
For improving the performance of the virtualized cluster system, 
VMware’s Distributed Resource Scheduler (DRS) [20], uses 
migration to perform automated load balancing in response to CPU 
and memory pressure. A userspace application is used to monitor 
memory usage similar to VEMan’s VMAgent, but unlike VEMan, 
it cannot utilize application logs to adjust the resource allocation 
among VMs on the computing node. In the other interesting related 
work [21], the black-box and gray-box strategies are presented 
in Sandpiper. These strategies are used to detect hotspot, that is, 
the usage of one resource exceeds a threshold. Differing from 
estimating a single hotspot, our tuning strategy implemented the 
global and local workload balance in the virtualized cluster. For 
the improving the Map Reduce performance in the virtualized 
heterogeneous environments, the LATE scheduling algorithm [22] 
is presented, and it can improve the response times of Hadoop (an 
open-source implementation of MapReduce). Another interesting 
work is STEP [23], where an effective way is presented and 
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implemented to improve the utilization of storage server resources 
through prefetching in storage servers for clients.

III. Proposed Model

A. Virtualization
As depicted in fig. 1, it is a typical system level virtualization 
architecture [2]. Virtualization provides an additional layer 
(VMM) between the running operating system and the underlying 
hardware. The VMM manages the hardware resources and exports 
them to the operating systems running on them. As a result, the 
VMM is in full control of allocating the physical resources to the 
guest operating system. For example, it is the VMM that maps 
the virtual CPUs (VCPUs) of VMs to the physical cores. Usually, 
there are multiple VMs on a single physical computing node in 
the cluster system. There is a manager VM called as VM0, which 
is the interface to the system administrator, and is responsible for 
creating, destroying, modifying the User VMs, which are called 
as VMUs and are the tuning objects.

Fig. 1: System Virtualization Architecture

B. System Framework
As depicted in fig. 2, each computing node is virtualized and multiple 
VMs are running on computing nodes. In each computing node 
there are two kinds of components. The NodeAgent running in VM0 
is responsible for managing the local resources in the computing 
node and providing the interface to the management node, so that 
the management node can remotely control the computing node. 
The VMAgent running in each VMU is responsible for gathering 
the system information on the specified VMU, which is used by 
the NodeAgent to balance the resource allocation among VMs 
on the computing node. The third component is ClusterAgent 
with Graphic User Interface (GUI), which manages the multiple 
computing nodes in the cluster system with the help of remote 
NodeAgents. Specifically, according to the workload information 
provided by VMAgents, the NodeAgent dynamically allocates the 
CPU time, the memory capacity, and the network bandwidth among 
multiple VMs on the computing node, which is implemented by 
invoking the system call provided by the VMM. The ClusterAgent 
dynamically balances the workload among computing nodes by 
migrating VMUs from the overloaded computing nodes to the 
underloaded computing nodes.

Fig. 2: Enhanced Management Framework

The VMAgent running on each VM is adopted for avoiding the 
problem of the semantic gap [9]. That is, the VMM is full control 
of allocating local resources while it is the lack of knowledge of 
the higher-level operating system and its applications. With the 
VMAgent, the running information about the VM can be obtained 
intuitively and comprehensively.
VMViewer is a proposed technique we are using for points 
based monitoring the virtualize four key hardware resources: 
processing, memory, storage and network, using a best-of-breed 
hypervisor to allocate these resources dynamically to balance 
changing application needs. The VMViewer specifies the points 
according to the individual hardware resources which enhances the 
previous system.The VMViewer is the  virtualization benchmark 
is an innovative solution that gives  complete insight into the 
performance and scalability of heterogeneous workloads, running 
on multiple virtual machines, consolidated on a physical server. 
Use VMViewer to monitor the performance of virtual machines and 
compare the performance of virtualization platforms so that you can 
make appropriate hardware choices for your virtual infrastructure.  

C. Implementation
We have implemented VMviewer in   working prototype of the 
proposed management framework, which is called as VEMan 
(Virtual Environment Manager). In this subsection, we willdiscuss 
the implementation briefly.
Xen [4] is adopted as the VMM in VEMan, and Linux is the guest 
operating system. We choose Linux and Xen because of their 
broad acceptance and the availability of their open-source codes.
Global management, System Monitoring, Application monitoring, 
Local management.

IV. Performance Tuning Strategy
This section presents a performance tuning strategy for the 
virtualized cluster system. Specifics regarding the tuning 
algorithms. Fig. 3, we adopt a two-level tuning strategy in the 
virtualized cluster system. After the system initialization, the 
number of VMs and VMV (specifically they are VMUs, hereafter 
the same) created on each computing node may be customized 
by the system administrator or be in proportion to its physical 
computing power. The local tuning event occurs in the range of 
an individual computing node. The application in each VM is a 
web server, and the workload of a VM can be measured by the 
number of access requests of the web server. Then the difference 
between the request amount and the throughput can be used to 
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determine whether the VM is underloaded or overloaded. It is 
the NodeAgent that performs the resource allocation operation 
in a computing node. According to the workload information of 
each VM on the computing node, the NodeAgent will calculate 
the weight of each VM, and assign the share of the CPU time 
and the other physical resources to VMs in proportion to their 
weights. The ClusterAgent performs the tuning operation at the 
global tuning event in the range of the cluster system. Based on the 
usage percent information of the physical resources in a computing 
node, the ClusterAgent determines whether the computing node 
is overloaded or underloaded

Fig. 3: 

According to this workload information, the ClusterAgent will 
balance the workloads of computing nodes by migrating the VM 
from an overloaded node to an underloaded node. For avoiding 
too frequent migration and reducing the migration overhead, we 
constrain that the number of the migrated VMs is no more than 
one at each global tuning event. The interval of the global tuning 
event is denoted by T1, and the interval of the local tuning event 
is denoted by T2. As the global tuning overhead is larger than the 
local tuning overhead, we set that T1 is an integral multiple of T2. 
It is noted that the resource allocation among VMs determined by 
the NodeAgent should be based on the number of access requests in 
the next interval in the ideal condition. However, the access request 
arrived in the future is not known in advance. The ClusterAgent also 
encounters the similar problem when determining the balancing 
operation. Therefore, we will present the specific tuning algorithm 
based on the proposed tuning strategy [a].
VMViewer monitors  the computational metrics  of the all the  
hardware resources and assigns points according to the VMs which 
enhances the system performance. The VMViewer shares the 
points according to computational hardware resources.

V. Performance Evaluation
we perform some experiments on the virtualized cluster system 
with workloads

A. Experimental Methodology
For studying comprehensively the performance, we firstly test the 
total throughput of web servers in the virtualized cluster, which 
is a performance metric for the global workload balance. We also 
test the throughput of the web server in a single VM, which is a 
performance metric for the local workload balance.

1. Workload
To evaluate system performance improvement introduced by 
the automatic tuning, we perform a series of experiments. The 
workload in each VM (VMU) is a web server, which provides the 
web access service. Each VM runs Apache 2.2.3 and PHP 5.2.0, 
serving dynamic PHP web pages. The PHP scripts are designed 
to be a mixed physical resources (CPU, memory, and network) 
intensive. We develop a web client, which will generate continuous 
web access requests for each VM based on httperf [17].

2. Experimental System
All experiments are executed on a heterogenous cluster connected 
over gigabit ethernet, which includes 3 Dell servers with dual 
quad-core Xeon X5310 CPUs and 2GB of RAM, and 3 Dell servers 
with one dualcore E6550 CPU and 1GB of RAM. Each computing 
node runs Xen 3.2.1, and all VMs run the Ubuntu 8.04 Linux 
distribution with the Linux 2.6.18.8 kernel. For implementing the 
VM migration, iSCSI and NFS (Network File System) are used 
in the cluster, and a server with dual quad-core CPUs acts as the 
iSCSI target, and the others act as iSCSI initiators. The iSCSI 
target is implemented by IET (iSCSI Enterprise Target), and the 
iSCSI initiator is implemented by open-iSCSI 2.0-870.

B. Experimental Result
In the experiment, we mainly consider the four scenarios, and there 
are 18 VMs (VMUs) in the virtualized cluster. The first scenario is 
that all VMs are equally distributed among all nodes in the cluster, 
and each VM is deployed and fixed on a computing node all the 
time. As any automatic tuning is not adopted in this scenario, we 
call the scenario as NonTuning. The second scenario is that only 
the automatic global tuning is adopted in the cluster system, and 
the ClusterAgent automatically migrates VMs according to the 
global tuning algorithm (Algorithm 2), and we call this scenario 
as GlobalTuning, where the global tuning event interval T1 = 
120s. The third scenario is that only the automatic local tuning is 
adopted in the cluster system, and each NodeAgent automatically 
adjusts the resource allocation among VMs on its computing node 
according to the local tuning algorithm (Algorithm 1), and we 
are using VMViewer for this scenario, we call this cenario as 
LocalTuning, where the local tuning event interval T2 = 20s. 
The last scenario is that the automatic global and local tunings 
are simultaneously adopted in the cluster system, and we call this 
scenario as G&LTuning.
Firstly, we test the total throughput of 18 web servers in the 
cluster system when the total of access requests is increasing in 
the fixed time length (40 minutes). For testing the influence of 
the unbalanced workload on the performance, the rate of access 
requests fluctuates with the time, and initially the average rate of 
access requests is relatively higher for VMs on nodes with the 
slower speed. The experimental result is shown as fig. 4.
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Fig. 4: The Total Throughput

With the total of access requests increases in a fixed period, the 
workload of the cluster becomes heavier. The physical resources 
are less idle in the scenario with the better workload balance, as 
a result, the total of the access responses (throughput) will be 
larger if the system has a better workload balance. According 
to fig. 4, the performance of G&LTuning is the best among all 
four scenarios, while the performance of NonTuning is the worst. 
When the workload is not very heavy, LocalTuning outperforms 
GlobalTuning, because the overhead of the local resource 
reallocation is relatively less. Otherwise, GlobalTuning outperforms 
LocalTuning, because GlobalTuning balances workloads in the 
global range of the cluster system, while LocalTuning performs 
only in the local range of individual computing nodes. Now we 
study the performance from the aspect of a single computing node. 
We monitor the CPU usage percent of a fixed computing node in 
the same period in the four scenarios, which lasts for 40 minutes. 
The experimental result is shown in fig. 5, where the value of a 
point is the average value of the CPU usage in a minute. The CPU 
usage percent fluctuates acutely when there is no automatic tuning 
in the system. The automatic tuning may smooth the fluctuation 
of the resource usage to some degree, which is caused by the 
application in the system. 

Fig. 5: The CPU Usage of a Computing Node

This result is beneficial to improve the Quality of Service (QoS) 
of applications such as web servers running in the system. Then 
we turn our attention to the performance of an individual VM 
in the system. Therefore, we also record the number of access 
requests and the throughput of a fixed VM in the cluster in the 
four scenarios, when we perform the above experiments to test the 
total throughput of the cluster. The rate of response is the value 
of the throughput divided by the request amount, and is adopted 

to evaluate the performance of a single VM. It is depicted as fig. 
6. As the automatic tuning can dynamically adjust the computing 
capacity of a VM according to the information of the realtime 
workload, the rate of response is relatively higher in the tuning 
scenarios. Especially, G&LTuning has the best rate of response 
for the specified VM. Moreover, GlobalTuning outperforms 
LocalTuning when the system’s workload is relatively heavy.

Fig. 6. The Throughput of a VM

In summary, G&LTuning has the best performance among the four 
scenarios, not only from the aspect of the whole performance, but 
also from the aspect of the local performance. Also it is helpful 
to improve the QoS of applications running in the virtualized 
cluster system. It is noted that GlobalTuning can also be beneficial 
to improve the performance of the system, especially when the 
workload of the system is relatively heavy. As a result, it is 
significant to perform the global workload balance by the VM 
migration with the global tuning algorithm, even if there is no 
enough information about applications to perform the local 
tuning.

VI. Conclusion
Virtualization provides a potential method to effectively manage 
the multi-core cluster system and promote its usage performance. 
Automatic performance tuning may provide significant benefits in 
the virtualized cluster system by adjusting the physical resource 
allocation among VMs and enabling the VM migration to achieve 
workload balance. In this paper, we propose a VMViewer in 
management framework for the virtualized cluster system, in which 
the three types of modules: ClusterAgent, NodeAgent, VMAgent 
are used to monitor the running status of the virtualized system, 
and determine the resource allocation and the VM migration. For 
guiding the automatic performance tuning, we present a two-level 
tuning strategy with the two corresponding algorithms. We have 
implemented a working prototype of the management framework 
as VEMan based on the VMM Xen. Experiments indicate that the 
automatic performance tuning is a viable technique for reducing 
the workload unbalance between VMs and between computing 
nodes in the cluster system. Although the proposed automatic 
performance tuning framework and strategy discussed in this paper 
may improve the virtualized cluster system to some degree, there 
is still much room for the further improvement. Specifically, the
local tuning algorithm is focused on the application of web servers, 
although there are a variety of applications in the cluster system. 
In the future, we will optimize further the tuning method for the 
web server application while find the tuning method for more 
types of applications such as the high performance computing 
application in the cluster system.
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