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Abstract 
 

In the dynamic cloud computing environment, to ensure, under the terms of service-level 
agreements, the maximum efficiency of resource utilization, it is necessary to investigate the 
online dynamic management of virtual machine resources and their operational application 
systems/components. In this study, the feasibility and properties of the division of virtual 
machine resources on the cloud platform, using the virtual machine cluster as the management 
unit, are investigated. First, the definitions of virtual machine clusters are compared, and our 
own definitions are presented. Then, the feasibility of division using the virtual machine 
cluster as the management unit is described, and the isomorphism and reconfigurability of the 
clusters are proven. Lastly, from the perspectives of clustering and cluster segmentation, the 
dynamics of virtual machines are described and experimentally compared. This study aims to 
provide novel methods and approaches to the optimization management of virtual machine 
resources and the optimization configuration of the parameters of virtual machine resources 
and their application systems/components in large-scale cloud computing environments. 
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1. Introduction 

Virtualization technology has been one of the driving forces behind the rapid development of 
cloud computing in recent years [1]. It abstracts the basal architecture, such as the physical 
resources in cloud computing, so that the differences and compatibilities of different types of 
equipment are transparent to the upper applications, which makes the unified management of 
the vastly different hardware resources underlying the cloud possible. In addition, 
virtualization technology simplifies the programming of applications, which allows 
developers to focus solely on the business logic and ignore the supply and configuration of the 
basal resources. Through virtualization technology, a single physical server can support 
multiple virtual machines to run multiple operating systems and applications. These 
applications reside on their respective virtual machines and constitute a certain type of 
isolation such that the collapse of an application will not affect the operation of the other 
applications. Lastly, the ease of creating a virtual machine makes it possible for the application 
to have more virtual machines for fault tolerance and disaster recovery so that the virtual 
machine’s reliability and applicability are improved. However, the introduction of 
virtualization technology has not reduced the complexity of the management of the relevant 
configurations in cloud computing. In fact, the operation of multiple virtual machines on the 
same physical computing infrastructure creates difficulties for the whole management system 
and raises new challenges [2]. 

A cloud computing environment is an open and heterogeneous environment in which load, 
infrastructure, virtual machines, and the development of applications are rapidly changing [3]. 
From the perspective of both the supply and demand of cloud services, resource utilization and 
service-level agreements are the two fundamental issues that interest and concern both cloud 
providers and cloud users [4]. In the dynamic cloud computing environment, to ensure, under 
the terms of service-level agreements, the maximum resource utilization, it is necessary to 
investigate the online dynamic management of the parameters of virtual machine resources 
and their operational application systems/components [5]. With the development of cloud 
computing, the management of virtual machines in the cloud environment has attracted 
considerable recent attention [6, 7]. To meet the needs of a variety of applications by users, 
researchers have extensively investigated the mechanisms of virtual machines, and the focus 
of studies has shifted from single virtual machines to virtual machine clusters [8]. In the cloud 
computing environment, the providers of applications typically deploy some virtual machines 
from their leased physical resources to provide services to end-users, and these virtual 
machines form a virtual machine cluster, a collection of multiple virtual machines that belong 
to a certain user’s application with communication requirements and deployment constraints 
[9]. 

Graph theory, which is abstract algebra that studies the relationships among specific 
entities, plays a very important role in computer science. It applies abstraction to practical 
problems to construct models, form graphs with vertices and edges, and find solutions using 
the basic algorithms of graph theory [10]. In 1736, graph theory was first proposed by Euler, 
and ever since, it has been gradually improved by various scholars. Graph theory is a branch of 
mathematics that mainly uses graphs as the research object to study mathematical theories and 
methods of graphing that consist of vertices and edges [11]. This study employs graph theory 
to investigate the formalization, feasibility, and related properties of division on the cloud 
platform, using the virtual machine cluster as the management unit. 
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In this paper, the feasibility and properties of the division of virtual machine resources on 
the cloud platform, using the virtual machine cluster as the management unit, are investigated. 
We present existing definitions of virtual machine clusters, and propose our own definition 
with comparison. The isomorphism and reconfigurebility of a cluster are discussed and proven, 
and evaluated by experiments. The remaining parts of this paper are organized as follows. In 
Section 2, we discuss recent related work. In Section 3, the definitions of virtual machine 
clusters are compared, and our own definitions are presented. In Section 4, the feasibility of 
division using the virtual machine cluster as the management unit is described, and the 
isomorphism and reconfigurability of the clusters are proven. Lastly, from the perspectives of 
clustering and cluster segmentation, the dynamics of virtual machines are described and 
experimentally compared, and our conclusions in Section 5. 

2. Related Work 
In recent years, many achievements in virtualization technology have been made in the field of 
cloud computing, leading to significant developments in cloud computing technology. 
Currently, studies on virtual machine clusters containing multiple virtual machine resources 
rather than single virtual machine resources have attracted considerable attention [12-14]. 
Wang et al. argued that the deployment of a series of interlinked virtual machines in the form 
of cluster makes it easier to achieve the overall efficiency of cloud computing and cloud 
services; under such a rationale, they created clusters from the virtual machine resources and 
physical hosts and realized the deployment of virtual machine clusters through the 
inter-cluster matching [15]. Yao et al. proposed a deployment algorithm that restricts both the 
resource and traffic volume to address the issue of virtual machine cluster deployment in the 
cloud computing environment, which they compared with a greedy algorithm and a 
single-constraint algorithm, finding that the new algorithm enhanced the efficiency of the 
communication bandwidth utilization in the system [16]. Xiaohui.Wei proposed a 
Topology-aware Partial Virtual Cluster Mapping algorithm (TOP-VCM) which is based on 
sub-graph isomorphism detection. TOP-VCM can fully satisfy the nodes/links requirements in 
Communication Skeleton to ensure the execution performance with only slight degradation of 
other trivial nodes/links to significantly reduce the mapping difficulty. Simulation results have 
shown that TOP-VCM has significantly improved the total revenue, the utilization of physical 
resources and the performance of mapping algorithm while satisfying the Virtual Cluster 
requirements [17]. Yumei Huang introduce an innovative snapshot approach for virtual cluster 
that exploits shared memory pagesamong all the component VMs to reduce the size of 
produced snapshot and mitigate the I/O bottleneck [18]. Xinkui Zhao. present a novel cluster 
performance optimization strategy named vClusterOpt. vClusterOpt finds out centralized 
subgraphs of node graph and choose node with the shortest logical distance as kernel node of 
the subgraph to reduce inter-machine communication and transmission cost under virtual 
cluster.Experiments show that an average of 20% performance improvement can get by 
distance-aware virtual cluster optimization strategy [19]. Wenyu Zhou designed and 
implemented a load balancing scheme based on dynamic resource allocation policy for virtual 
machine cluster, It optimize the resource allocation of VMs to achieve global load balancing 
of virtual machine cluster. Compared to traditional load balancing schemes based on task 
scheduling, it is application independent and works seamless on VMs hosting different kinds 
of applications [20]. However, most of these studies have only focused on the deployment of 
virtual machine clusters. The definition, feasibility, and nature of virtual machine clusters, 
which are the focus of this study, have rarely been addressed [21, 22]. 
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3. Definition of Virtual Machine Clusters 
A virtual machine cluster is currently defined as a collection consisting of multiple virtual 
machines that are closely connected and typically constitute the deployment unit of a certain 
application. In the cloud computing environment, application providers typically provide 
services to end-users by deploying some virtual machines from their leased physical resources, 
in which the virtual machines form the virtual machine cluster, i.e., the collection of virtual 
machines that belong to the application of a certain user and have communication 
requirements and deployment constraints [23, 24]. Although the above-mentioned definition 
has a certain level of rationality, it does not sufficiently address the competition and the 
dependencies among the virtual machines, nor does it take into account the impact of the 
application systems [25]. The definition of virtual machine clusters should consider the 
competition for resources among the virtual machines in the same physical machine and the 
interdependence among different components deployed on different physical machines with 
the application systems of a multi-layer structure; in addition, to improve service quality, the 
definition of virtual machine clusters also needs to consider the users’ virtual machine clusters 
that are effectively deployed by the providers of the cloud infrastructure so that it meets the 
reliability requirements and has high-level application performance and a reasonable virtual 
machine deployment time. 

The meaning of the term cluster is a collection. Therefore, the virtual machine cluster is 
actually a collection consisting of multiple virtual machines. Certainly, for those virtual 
machines that fall into the same virtual machine cluster, they are more or less connected to 
each other, or simultaneously, they comply with the conditions for access to the given virtual 
machine cluster. In cloud computing, the virtual machine resources that access a virtual 
machine cluster are typically for the service of the same application. The realization of the 
application generally needs those virtual machine resources to be deployed on the physical 
server within the cloud; virtual machine clusters that can provide high-quality service for the 
application are inevitably those that collectively meet expectations regarding resource 
requirements, bandwidth, etc. Taking these considerations into account, the relevant virtual 
machine cluster is defined as follows: 
Definition 1: A group of related virtual machines on a cloud platform with a multi-layer 
application system (e.g., Web applications that adopt the Java 2 Platform, Enterprise Edition 
(J2EE) 3-tier structure) that operates interdependently or competes for resources is designated 
a virtual machine cluster. 
Definition 2: Whether it is a complete single-layer application or one layer of a multi-layer 
application system, the service that operates on one virtual machine within the cluster is 
collectively designated an application system/component. 
To facilitate understanding, an example is presented here. Fig. 1 shows the schematic diagram 
of a virtual machine cluster. It contains 2 physical servers (shown as solid boxes), each of 
which creates 2 virtual machines (shown as grey circles); there exists a relationship based on 
competition for resources among the virtual machines on the same physical server (i.e., with 
the overall resources in the physical server constant, zero-sum relations exist among the virtual 
machines). There are 2 application systems, both with a double-layer structure (app1 and app2, 
shown as red dashed boxes), each of which is deployed on the virtual machine located on 
different servers, and the overall performance of application systems (e.g., response time, 
throughput, etc.) is dependent on the setting of the component parameters and the 
interdependence among the different components. 
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Fig. 1. A virtual machine cluster.  

 

When multiple virtual machines form a virtual machine cluster, the virtual machines within 
the cluster eventually complete the task through synergies among the machines. In the process 
of cooperative completion of the task, the virtual machines interactively communicate with 
each other due to the existence of the competitive and interdependent relations, thus forming a 
hierarchical network structure. The hierarchical network organisation of a typical virtual 
machine cluster is shown in Fig. 2. 
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Fig. 2. Hierarchical network structure of a virtual machine cluster. 

 

As shown in Fig. 2, the virtual machine cluster is a 3-layer network structure. There are 3, 
4, and 2 virtual machine units in the first layer, second layer, and third layer, respectively, and 
among the virtual machines, there are inter-layer interactions, as well as intra-layer 
interactions, that ensure the coordination necessary to complete the same task. 
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4. The Feasibility and Related Properties of Dividing Virtual Machine 
Resources using the Cluster as the Unit 

4.1 Feasibility Analysis 
The description of the feasibility of dividing virtual machine resources using the cluster as the 
management unit is mainly based on 2 aspects. On the one hand, when a user sends a request to 
the cloud, the cloud allocates the virtual machine resources according to the actual situation of 
the task. In many cases, to meet the user’s demand and complete the task at the highest level of 
efficiency, it is necessary to gather the virtual machine resources to form a cluster. Gathering 
the virtual machine resources based on a certain demand to form a virtual machine cluster 
provides considerable convenience for the subsequent configuration of the hardware resources 
with the virtual machine cluster and greatly enhances the efficiency of the whole service. 
Because the existing interdependence or competitive relationships among the virtual machines 
in the cloud environment require communicative interactions, the issue of communication 
bandwidth among the virtual machines is important. This type of real-world issue can be 
abstracted to form graphs with vertices and edges, in which the connection lines among the 
virtual machines represent the communication needs among the virtual machines, for 
modelling, and it is feasible to solve the problem using the basic algorithms of graph theory.  

On the other hand, in the actual implementation of cloud computing tasks, clustered virtual 
machines need to be matched based on the physical resources, i.e., allocating virtual machine 
resources to the appropriate host. One physical host can be allocated to multiple virtual 
machines, but when the capacity of the physical host cannot meet the needs of a virtual 
machine cluster, it is necessary to reasonably divide the virtual machine cluster and 
individually allocate the resultant segments to different hosts, which creates the issue of 
cluster segmentation. Dividing the cluster into individual sub-clusters and selecting the 
deployment of the target host according to the constraint conditions is necessary to enhance 
the efficiency of resource utilisation and reduce the system’s communication bandwidth 
requirements. Virtual machine cluster segmentation is essentially a division problem. The use 
of graph theory to solve division problems has achieved effective results [26, 27]. Virtual 
machine cluster segmentation is relatively more complex; the minimum cut algorithm in graph 
theory can achieve optimal partitioning with graphs that have constraint conditions, properly 
meeting the context-specific requirements of the virtual machine cluster problem. 

4.2 Cluster Isomorphism 
Fig. 3 shows a virtual machine cluster that consists of multiple virtual machines. Each of the 
virtual machines requires communication interactions due to the interdependence or 
competitive relations among the virtual machines, and the connection lines among the virtual 
machines represent these communication needs, resulting in a communication bandwidth 
problem among the virtual machines. Through modelling, the communication bandwidth 
among the virtual machines is constrained and abstracted to the undirected edges of the graph, 
generating the undigraph model of the virtual machines from Fig. 3 to Fig. 4, which is subject 
to further analysis. 
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Fig. 3. The structure of a virtual machine cluster. 
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Fig. 4. The graph structure corresponding to a virtual machine cluster 

 
Definition 3: The virtual machine cluster corresponding to the undirected graph is 

),( VMCVMCVMC EVG = , in which VMCV is the set of vertices of the virtual machine cluster and 

},|),({ VMCjijiVMC VnnnneE ∈=  is a set of undirected edges. 

Theorem 1 (cluster isomorphism). Assume that ),(1 EVG =  and )','(2 EVG =  are two 
graphs corresponding to virtual machine clusters ( 1VMC ) and virtual machine clusters 
( 2VMC ), respectively; if there is one-to-one ': VV →ϕ  such that any 2 given vertices u  
and v Evu ∈),( , if and only if '))(),(( Evu ∈ϕϕ  and ),( vu , and ))(),(( vu ϕϕ  have the 
same multiplicity, 1G  and 2G  are defined as isomorphic, denoted as 21 VMCVMC ≅ . 

Corollary 1 (the necessary condition for cluster isomorphism): when 1VMC  and 2VMC  
are isomorphic, they exhibit the following properties: 

1) |'||| VV = ， |'||| EE = . 
2) The degrees of v  and )(vϕ  are equal.  
3) The number of the fixed point with the same degree is equal.  
4) Evu ∈),( , if and only '))(),(( Evu ∈ϕϕ . 
5) If 4) holds, then ),( vu  and ))(),(( vu ϕϕ  have the same multiplicity. 
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Theorem 2 (cluster reconfiguration). A cluster corresponding to graph )2( ≥nG  is 
defined as reconfigurable if G can be uniquely identified (in the context of isomorphism) by its 
sub-graphs )1( nivG i ≤≤− . The cluster corresponding to graph )2( ≥nG  is also 
reconfigurable. 

Proof: Suppose G is a graph with an order 2≥n  and m  number of edges, and set 
},...,{)( 21 nvvvGV =  and e as an edge of G. The edge e then appears in each of the sub-graphs 

)2( nivG i ≤≤− , but not in 1vG − . Set the number of edges of ivG −  to be )1( nimi ≤≤ ; 

then, in the sum formula of i
n
i m∑ =1 , each of the edges are counted 2−n  times; i.e., 

)2(
1

−=∑
=

nmm
n

i
i , 

2
1

−
= ∑ =

n
m

m i
n
i . This proves that the number of edges in each of the graphs 

is determinable. When the number of edges of the graph G is m and then the vertex iv  is 
removed from the graph G, the number of edges of the resultant ivG −  is )1( nimi ≤≤ . 
Therefore, ii mmv −=deg . Accordingly, 1mm − , 2mm − , …, nmm −  are a degree 
sequence of the graph G. At this point, from the sub-graphs of ivG −  derived from the graph 
G, not only the order of G, the number of edges, and the degree sequence but also the graph 
itself can be uniquely determined. Thus, it is proven that G ( 2≥n ) is reconfigurable, and its 
corresponding virtual machine cluster is also reconfigurable. 

Because there is no competition for resources among the clusters, the performance of 
application systems/components does not constitute interdependence; once one cluster 
achieves the optimal configuration strategy through the machine learning methods, it can 
migrate the knowledge to other clusters with similar applications, which is an effective way to 
simplify complex learning problems. The isomorphic cluster provides good and effective 
solutions to the foregoing problems, which is also the objective of the study on cluster 
isomorphism and its reconfigurable nature. 

4.3 Cluster Dynamics 
Cluster dynamics mainly refer to the 2 steps of clustering and cluster segmentation, which are 
asynchronous and dynamic, that the virtual machine cluster must undergo to ensure improved 
resource utilisation efficiency under the terms of service-level agreements. 
 
(1) Clustering 
Virtual machine resources are clustered to form a virtual machine cluster that provides 
considerable convenience for the subsequent configuration of virtual machine resources with 
the hardware resources and greatly enhances the efficiency of the whole operational service. In 
this study, 2 types of determination conditions are adopted for the clustering of virtual 
machines: 

(1) The clustered virtual machine resources should be the application service for a certain 
user or a certain application system/component, and therefore, they should have identical or 
similar requirements concerning hardware resources. 

(2) The bandwidth requirements for communication among the clustered virtual machine 
resources should be relatively similar. 

CPUH  denotes the CPU hardware resource requirements of the virtual machines; MemH  
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stands for the memory hardware resource requirements of the virtual machines; and HardH  
represents the hard disk hardware resource requirements of the virtual machines. The 
determination function )(, HS ji  of the difference in the hardware resource requirements 
between the virtual machine i and the virtual machine j can be constructed and is presented in 
Equation (1): 
 

j
Hard

i
Hard

j
Mem

i
Mem

j
CPU

i
CPUji HHHHHHHS −+−+−= 321, )( θθθ                (1) 

 
where 1θ , 2θ , and 3θ  are the respective weights of the differences in the hardware 

resources between the ith and jth virtual machines, and iB  and jB are the respective 
communication bandwidth requirements in the communication processes of the ith and jth 
virtual machines. The determination function )(, BS ji of the difference in bandwidth resource 
requirements between the 2 virtual machines is presented in Equation (2): 

 
                        jiji BBBS −=)(,                                                                            (2) 

 
Based on the similarity determination function formed according to the constraint 

conditions on 2 two types of resources, an overall determination function jiS ,  for the 
clustering of virtual machines is constructed and presented in Equation (3): 

 
                       )()( ,2,1, BSHSS jijiji ωω +=                                                                (3) 

 
where 1ω  and 2ω  are the weights of the respective similarity determination functions of 

the 2 types of constraint resources in the overall determination function. Through comparison 
of the computing result using the determination function and the preset threshold value, virtual 
machines with similar attributes can be clustered to construct a virtual machine cluster via the 
appropriate communication connection. 

 
(2) Cluster segmentation 
When a user sends a request to the cloud, the cloud configures virtual machine resources for 
the user according to the actual situation of the task. In many cases, to meet the needs of users 
and complete the task at the highest level of efficiency, it is necessary to cluster the virtual 
machine resources into a cluster using a clustering method such as the one described in this 
study. In the actual implementation of a cloud computing task, the clustered virtual machines 
need to match based on the physical resources, i.e., allocating virtual machine resources to the 
appropriate hosts. One physical host can be assigned multiple virtual machines; however, 
when the performance of a physical host cannot meet the needs of a virtual machine cluster, it 
is necessary to reasonably divide the virtual machine cluster, which creates the cluster 
segmentation problem. Below, an example is used to describe the process and procedures of 
cluster segmentation. A given cluster structure that has completed the clustering process is 
shown in Fig. 5. 
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Fig. 5. The cluster segmentation of a virtual machine cluster 

 
 

This cluster provides services for the same task; however, when configuring the task with the 
physical host, the task cannot be successively configured in a single physical host most likely 
because the resource needs of the entire cluster are too large, which creates the cluster 
segmentation problem for the virtual machine cluster structure. Formally, segmentation in the 
virtual machine cluster structure and the cutting problem in graph theory are remarkably 
similar. Based on this observation, graph cuts theory is used to construct a mathematical model 
of the virtual machine cluster to apply a graph cuts approach to cluster segmentation. For the 
virtual machine cluster structure in Figure 5, each of the virtual machines is set as the vertex in 
the cluster network structure and designated iVM . From Figure 1, it can be seen that the 
virtual machine cluster contains a total of 9 vertices. The attributes of each virtual machine 
vertex can be depicted based on its required resources such that the attributes of each virtual 
machine can be portrayed in the form of a vector, as shown in Equation (4). 
 

                          },,,,{ TL
VM

BW
VM

Hard
VM

Mem
VM

CPU
VMVM iiiiii

RRRRRA =                                                 (4) 
 

 The 2-way connection between 2 virtual machines, with its attributes depicted as 

ijVMB , represents the bandwidth resources necessary for the virtual machines to communicate 
with each other. When configuring the entire virtual machine cluster to a physical host, the 
upper limit of the resources provided by the physical host needs to be determined and 
compared with the resource needs of the entire virtual machine cluster. When the resources 
provided by the physical host are able to meet the requirements of the entire virtual machine 
cluster, the resources can be deployed directly; otherwise, it is necessary to conduct 
fragmentation deployment for the virtual machine cluster. The direct deployment must  meet 
the following conditions simultaneously: 
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When it is necessary to segmentation-deploy the virtual machine cluster so that the 
redeployment is possible, the segmentation process can be performed according to the graph 
cuts theory. That is, to segment the network in Figure 5 to form a series of sub-networks, each 
sub-network must match the physical host to complete its configuration. Here, each 
segmentation is not necessarily required to have the minimum cut, provided that the resultant 
sub-networks find their matching hosts. In this regard, cluster segmentation is different from 
the general graph cuts method.  

A virtual machine cluster is assumed to originally contain n virtual machines. After 
segmentation, m sub-clusters are formed, with each sub-cluster containing mnnn ,,, 21   
virtual machines and respectively arranged in m physical hosts. After arrangement, the result 
complies with the following: 
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Where CPU
PMR  represents CPU resources configuration of the physical host, Mem

PMR  
represents memory resources configuration of the physical host, Hard

PMR  represents hard disk 
resources configuration of the physical host, BW

PMR  represents bandwidth resources 
configuration of the physical host, CPU

VMi
R  represents CPU resources requirements of the virtual 

machine, Mem
VMi

R  represents memory resources requirements of the virtual machine, Hard
VMi

R  

represents hard disk resources requirements of the virtual machine, BW
VMi

R  represents 

bandwidth resources requirements of the virtual machine, 
ijVMB  represents virtual machine 

communication bandwidth requirements between i virtual machine and j virtual machine.  

The meaning of the above formula is that a total of kn  virtual machine clusters  
deployment on the physical host K,  which must make physical host in terms of CPU, memory, 
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hard disk, bandwidth is greater than the sum of the resource requirements of a virtual machine 
at the same time. 

5. Experimental Classification Results and Analysis 
To verify the effectiveness of the clustering of virtual machines and the cluster segmentation 
method, the following experiment is conducted. First, virtual machines with similar attributes 
are selected from 200 virtual machines according to the needs of users, and they form a virtual 
machine cluster consisting of 9 virtual machines. The communication relationships among the 
virtual machines are shown in Figure 1. The hardware resource requirements of the 9 virtual 
machines are listed in Table 1. 
 

Table 1. Hardware resource requirements of the virtual machines. 

Machine  Number CPU (MIPS) REM (GB) Hard disk (GB) Bandwidth(MB/s) 

Virtual machine 1 400 0.8 10 50 

Virtual machine 2 500 0.8 10 60 

Virtual machine 3 400 0.8 10 50 

Virtual machine 4 300 0.6 15 40 

Virtual machine 5 300 0.6 10 40 

Virtual machine 6 500 1.0 15 60 

Virtual machine 7 400 1.0 15 50 

Virtual machine 8 500 1.0 20 60 

Virtual machine 9 400 1.0 20 50 

 
Here, we need to explain our bandwidth requirements for each virtual machine, in addition 

to the bandwidth required for communication with the connecting virtual machines, each of 
the virtual machines is required to have a backup bandwidth of 20 MB/s. We reserved 
bandwidth of 20 MB/s is given when the virtual machine deployment to the physical host, 
could happen isolated from the original cluster, incorporated into new clusters, and the 
associated virtual machine communication needs have a float at that time. In this experiment, 
communication among the virtual machines requires a bandwidth of 10 MB/s. If a VM 
interactions to many other VMs, a larger bandwidth would be sufficient. Similarly, a VM 
interactions to few VMs may need less bandwidth. For example, virtual machine 2 must 
communicate with virtual machine 1, virtual machine 3, virtual machine 6,and virtual machine 
8; therefore, the total bandwidth requirement of virtual machine 2 is 60 MB/s. virtual machine 
4 must communicate with virtual machine 3 and virtual machine 9, therefore, the total 
bandwidth requirement of virtual machine 4 is 40 MB/s. 

In the experiment, 5 physical hosts that allow for the deployment of the virtual machine 
cluster are provided, and their performance parameters are listed in Table 2.  
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Table 2. The hardware configuration of the physical hosts. 
Host Number CPU (MIPS) REM (GB) Hard Disk (GB) Bandwidth (MB/s) 

Physical host 1 2000 2.0 200 1000 

Physical host 2 1500 (dual core) 8.0 300 1000 

Physical host 3 1000 (dual core) 2.0 200 1000 

Physical host 4 2000 (dual core) 8.0 500 2000 

Physical host 5 2000 4.0 300 1000 

 
After executing the virtual machine cluster deployment method based on graph cuts theory 

described in this article, the virtual machine cluster is segmented to form 2 sub-clusters, which 
are deployed to physical host 2 and physical host 5, as schematically shown in Fig. 6. 
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Fig. 6. The segmentation of a virtual machine cluster 

 
In the 2 virtual machine clusters segmented based on graph cuts theory, the first cluster 

includes virtual machine 1, virtual machine 2, virtual machine 6, virtual machine 7, and virtual 
machine 8; the second cluster includes virtual machine 3, virtual machine 4, virtual machine 5, 
and virtual machine 9. The total CPU resource requirement, memory resource requirement, 
hard disk resource requirement, and bandwidth requirement of the first cluster are 2200 MIPS, 
4.6 GB, 70 GB, and 280 MB/s, respectively, while those of the second cluster are 1400 MIPS, 
2.4 GB, 45 GB, and 240 MB/s, respectively. The physical hosts that are able to accommodate 
the requirements of the deployment of the first cluster are physical host 2 and physical host 4, 
while those for the second cluster are physical host 2, physical host 4, and physical host 5. If 
physical host 4 configures 2 clusters, then there are still numerous idle resources. Thus, the 
first virtual machine cluster is deployed on physical host 2, and the second virtual machine 
cluster is deployed on physical host 5. 

After the original cluster is segmented, the communication between virtual machine 2 and 
virtual machine 6 and the communication between virtual machine 8 and virtual machine 9 are 
realised through the communication between physical host 2 and physical host 5. 

To further examine the difference in efficiency between the cluster-based deployment 
strategy after the virtual machines have clustered and the single virtual machine deployment, 
the resource constraint-based single virtual machine deployment method and the load 
balancing-based single virtual machine deployment method are selected as comparison 
algorithms for investigating the change in bandwidth requirements after the virtual machines 
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are deployed on the physical hosts. The two methods are selected for this experiments, more 
details please refer to the reference [28]. After the virtual machine deployments are executed 
following the 3 methods, the bandwidth requirement changes are shown in Fig. 7. 
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Fig. 7. Comparison of total bandwidth requirements of different methods 

 
As shown in Figure 7, with the increasing number of physical hosts required by the virtual 

machine deployments, the total system bandwidth requirements under the 3 methods all 
increase. In relation to the 2 methods of single virtual machine deployments, the graph cuts 
theory-based virtual machine cluster deployment method described in this study has not only a 
smaller absolute value of the total bandwidth requirement but also the slowest increasing trend 
of bandwidth requirements with the increasing number of physical hosts. 

Below, a further comparison of the average resource utilization on the physical host after 
three methods to complete deployment, the experimental results are shown in Fig. 8. 
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Fig. 8. Experimental results of utilization rate of resources 
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We can be seen from the figure 8, in the initial stage of virtual machine clusters deployment, 

While physical host that participating in configuration quantity is small, physical host 
resources utilization rate is very high after three methods to complete deployment. Along with 
the advancement of the deployment process, physical host resources utilization rate has 
remained at about 85% in our method, The single virtual machine deployment method based 
on resource constraints and the single virtual machine deployment method based on load 
balancing are present a sharp drop trend. After the complete deployment, resource utilization 
of the two single virtual machine deployment methods are below 50%. 

The dynamics of clusters demand periodically updated clustering, and the clustering 
process and segmentation process of the virtual machine clusters are asynchronous, which 
means that the competition for resources during virtual machine deployment is reduced. 
Moreover, when the platform in the cloud data centre deploys virtual machine clusters, the 
query space in the deployment is reduced, leading to a significant reduction in deployment 
time, which leads to better scalability; additionally, the load balancing and service quality of 
the cloud data centre are enhanced. 

6. Conclusion 
In this study, the feasibility and related attributes of dividing virtual machine resources in a 
cloud platform, using the cluster as the management unit, are investigated. First, the 
definitions of virtual machine clusters are compared, and our version is presented; then, the 
feasibility of dividing using the virtual machine cluster as the management unit is discussed, 
the isomorphism and reconfigurability of the cluster are proven, and finally, the dynamics of 
the cluster are further investigated and experimentally verified. Because the virtual machine 
clusters exhibit no competition for resources among each other and are not dependent on the 
performances of application systems/components, once a virtual machine cluster has learned 
the optimal configuration strategy, it can readily migrate the learned knowledge to other 
similar virtual machine clusters, which is an effective way to simplify complex learning 
problems. Therefore, considering virtual machine management using the virtual machine 
cluster as the basic management unit is not only feasible but also applicable to the optimization 
management of virtual resources in a large-scale cloud computing environment. In the future, 
we plan to use the virtual machine cluster as the basic management unit to consider the 
optimization configuration of the parameters of the application systems/components of virtual 
machine resources. This approach takes into consideration both the complex relationship of 
competition for resources among different virtual machines on the same physical host and the 
complex relationship of performance dependencies among different components of 
application systems with a multi-layer structure, which straightens out the interwoven 
relationships among the virtual machines, among the application systems/components, and 
among the virtual machines and application systems/components in a large-scale cloud 
computing environment. 
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