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Abstract- Information as a service (IaaS) does not provide an integrated resource management function for several cloud 
platforms. For integrated resource monitoring, we need to develop a monitoring system that can manage the resources of each 
platform, such as a heterogeneous cloud federation monitoring system (HCFRMS) or a cloud brokerage service. Accordingly, 
in a previous study, four modules-component manager (CM), aggregator manager (AM), registry manager (RM), and slice 
manager (SM) of HCFRMS-of an SFA-based cloud federation monitoring system for integrating heterogeneous cloud 
platform services were proposed. Of the four modules, the CM module that fetches the physical and logical resources of a 
service provider depending on the heterogeneous cloud platform was designed in this study to directly check the resource 
distribution and management through a real-time monitoring of the resource status of each cloud platform and check the 
resource information of the cluster and the host in which the cloud platform is installed. 
 
Keywords- Cloud Computing; Cloud Platform, Federation, IaaS; 
  
 
I. INTRODUCTION 
 
Cloud computing is an Internet-based computing 
technology or a web-based software service that needs 
to be loaded on a computer or a mobile phone via a 
program installed in a utility data server on the 
Internet for execution. Of the cloud computing service 
models, infrastructure as a service (IaaS) facilitates 
the use of infrastructure resources as needed by 
establishing the servers, storages, and networks in a 
virtualized environment. In terms of IaaS, since many 
servers, storage spaces, and networks can be rented 
and used as needed, the user can reduce the human 
resources and resource costs related to the 
management of computing and information 
technology (IT) infrastructures while swiftly 
responding to rapidly changing business 
environments through a flexible expansion and 
reduction of computing resources. Some typical 
examples of IaaS are Amazon CloudFormation, 
Openstack Rackspace, Google Computing Engine, 
RightScale, and FlexCloud. Studies on IaaS have been 
actively conducted, focusing mainly on Openstack and 
Cloudstack, which are the most representative open 
source-based cloud platforms for IaaS. 
 
The development of several platforms as discussed 
above might be helpful in improving cloud computing 
platforms, but IaaS services do not provide an 
integrated resource management function for multiple 
cloud platforms. Thus, for integrated resources 
monitoring, we need to develop a monitoring system 
that can manage the resources of each platform such 
as a heterogeneous cloud federation system and a 
cloud brokerage service. Accordingly, in the previous 

study, four modules—component manager (CM), 
aggregator manager (AM), registry manager (RM), 
and slice manager (SM)—of the SFA-based 
heterogeneous cloud federation monitoring system 
(HCFRMS) for integrating heterogeneous cloud 
platform services were proposed. Furthermore, in this 
paper, we propose a design for the CM module among 
the four modules, which fetches the physical and 
logical resources of the service provider depending on 
the heterogeneous cloud platform. 
 
The rest of this paper is organized as follows: Section 
2 describes an outline of the previously proposed 
HCFRMS; Section 3 illustrates a CM module 
diagram; Section 4 proposes the design and 
implementation of the CM module; finally, Section 5 
presents the conclusions and the future research plans. 
 
II. OUTLINE OF SFA-BASED RESOURCES 

MONITORING SYSTEM FOR 
HETEROGENEOUS CLOUD 
FEDERATION 

 
The SFA-based HCFRMS for a heterogeneous cloud 
federation, which was proposed in the previous study, 
consists mainly of four modules, namely SM, RM, AM, 
and CM. After the physical and logical resources of 
various heterogeneous cloud platforms are brought to 
the CM, these resources are defined as slivers for 
management. The sliver information stored in the CM 
is transferred to the AM, which subsequently 
configures slices on the basis of the sliver information. 
The SM manages each slice and transmits its data to 
an administrator. Using the data, the administrator 
can manage and monitor the resources for platform 
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type and instance type of each user. Moreover, since 
the RM maintains the log information of the user and 
the information on the slices and the cloud service 
provider in the form of databases and files, the 
administrator can manage this information. 
 

 
Fig. 1 SFA-based resources monitoring system for 

heterogeneous cloud federation 
 
In this study, the CM module, which fetches the 
physical and logical resources of the service provider 
depending on the heterogeneous cloud platform, is 
proposed among the four modules. 
 
III. DESIGN OF THE CM MODULE  

 
Fig. 2 CM module 

 
Fig. 2 illustrates the proposed CM module for the 
resources management of the heterogeneous cloud 
platform. The CM checks the resources of the cloud 
service provider and returns general information on 
the current status of the resources to the AM. It also 
collects and separates resource information (VCPU, 
VMemory, and VStorage) on the user instance while 
providing sliver-based control. The CM consists of a 
management interface and a CM application 
processing interface (API). 
 
The management interface manages physical 
resources such as instance types of cloud service 
providers including Openstack and Cloudstack by 
defining them as distributed slivers. In other words, a 

sliver includes one virtual resource from the VCPU, 
VMemory, and VStorage, which are infrastructure 
resources of the cloud service providers. 
The CM API fetches the resources information from 
the cloud service providers and transmits slivers, 
which define the resources fetched from the cloud 
service providers, to the AM.  
 
IV. DESIGN AND IMPLEMENTATION OF 

CM 
 
A. Implementation Environment 
In this study, two heterogeneous cloud platforms, 
Openstack and Cloudstack, were used for 
implementing the CM. In addition, a total of five 
clusters were used; Openstack was installed and 
designed in two clusters, Cloudstack in one cluster, 
and the CM in two clusters.  
 
In the case of Openstack, a control node (master) was 
constructed in one cluster and a compute node (slave) 
in the other cluster. With respect to Cloudstack, a 
management server and a host server were established 
in one cluster. 
 
The Openstack CM was developed in the Eclipse 4.3.2 
environment and written on the Java Platform. For a 
web server, Apache Tomcat 7.0 was used and a library 
was designed by adding HtppClient-4.3.1.jar and 
Json-1.1jar. The Cloudstack CM was developed in the 
Ubuntu 12.04 LTS 64bit environment and written in 
Python ver. 2.7.3. The web server was implemented by 
using Django 1.6.2, and the library was implemented 
by adding a Rest-framework. 
 
Table I presents the detailed specifications of the 
development environment of the Openstack CM and 
Cloudstack CM. 
 
Table I Development environments of Openstack CM 

and Cloudstack CM 

 
 

B. Design and Implementation 
1) Openstack CM 
 The Openstack CM is composed of the following 
three modules: a process of calling through the API, a 
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process of fetching resources of Openstack according 
to API types, and a process of operating as a REST 
server according to the arbitrary path setting by the 
user. In addition, for integrated API management in 
the AM, the Openstack CM processes the resource 
information fetched by using several Openstack APIs, 
as new hypervisor, hypervisor/statistics, and 
hypervisor/detail APIs by matching them with 
Cloudstack APIs. The processed Openstack CM API 
request results are shown in Fig. 3. 

 
Fig. 3 Results of Openstack CM API requests 

 
The hypervisor refers to the IDs and names of the 
entire hosts. Names of the hosts in which Openstack is 
installed are displayed as openstack 1 and openstack 2 
while their IDs are presented as 1 and 2. The 
hypervisor/N refers to the basic information of each 
host, and the hypervisor/statistics shows the 
summarized information of all the infrastructure 
resources. Memory_mb, which denotes the total 
memory capacity, is displayed as 5,955 MB; 
memory_mb_used, which denotes the memory being 
used, as 5,120 MB; and free_ram_mb, which denotes 
the memory capacity available, as 835 MB. The 
hypervisor/detail shows the detailed information of 
each host; local_gb_used, which refers to the disk 
capacity being used by the host whose ID is 1, is 
displayed as 20 GB, and disk_available_least, which 
refers to the available disk capacity, as 52 GB. 
 
2) Cloudstack CM 
The Cloudstack CM consists of the following process: 
the process of calling through the API, the process of 
fetching the resources of Cloudstack according to API 
types, the process of setting the arbitrary web 
addresses of the user and the method paths to be 
called. Like Openstack CM, the Cloudstack CM 
processed the resources information fetched using 
several Cloudstack APIs as new APIs by matching 
them with Openstack APIs for an integrated 
management of the APIs in the AM. 

   
Fig. 4 Results of the Cloudstack CM API requests 

 
Similar to that in Openstack CM, the 
hypervisor/statistics refers to the summarized 

information of all the infrastructure resources. 
Local_gb, which denotes the total disk capacity, is 
displayed as 1,813 GB; memory_mb, which denotes 
the total memory capacity, as 9,106 MB; and 
memory_mb_used, which refers to the memory 
capacity being used, as 1,024 MB. The 
hypervisor/detail refers to the detailed information of 
each host; the host name is displayed as cloudstack01, 
the number of VCPU allocated as four, and the 
number of VCPU being used as one. 
 
CONCLUSION AND FUTURE RESEARCH 
PLANS 
 
For integrated resources monitoring, a monitoring 
system that can manage the resources of each platform 
such as a heterogeneous cloud federation system and a 
cloud brokerage service, is required. To satisfy this 
demand, the CM module for managing the resources 
of the heterogeneous cloud platform was designed in 
this study. This module can directly check the 
distribution management of resources through a 
real-time monitoring of the resources status of the 
heterogeneous cloud platform and check the resources 
information on the host and the cluster in which the 
cloud platform is installed. 
 
In addition, further steps will be conducted to improve 
the utilization of various resources and support 
customized cloud services for users by interoperating 
the cloud service resources for a same user between 
heterogeneous computing. To this end, a 
heterogeneous cloud federation system will be 
developed by implementing other modules such as 
AM, and a cloud brokerage service will be provided. 
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