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Abstract: This study analyzes resource usage patterns, constructs two clusters, and then analyzes basic performance 
characteristics to form and distribute the limited resources efficiently upon user’s demand. This study points out basic 
considerations for cluster constructions of cloud computing by measuring the run time of application program, which 
changes depending on the size of data block and the number of nodes, and analyzing the result. 
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I. INTRODUCTION 
 
Cloud computing [1][2] is a new computing paradigm 
to provide resources in a large scale of data center 
upon user’s demand. In cloud computing 
environment, the users connect to a data center 
through internet-connected terminals, use the 
resources they want such as application, storage, OS, 
etc., and are charged for the amount which they used. 
Cloud computing was already being used through 
web mail, blog, web hard service, or web hosting 
service, which are provided by portal sites. The level 
and the range of service, however, were restricted in 
the past due to the limits of software technology and 
physical information, which could be delivered 
through network. However, as software technology 
like network advancement and virtualization is being 
developed, the environment, where extensive 
software and IT(Information Technology) resources 
can be offered through the internet, is now provided. 
The level and range of IT service that can be provided 
through cloud computing has been expanded 
accordingly [3][4]. 
 
Cloud computing consists of virtualization, web 
service, SOA (SerciveOrented Architecture), web 2.0, 
distributed file system, and programming model, 
etc.[5] Among these technologies, this study utilizes 
the distributed file system and programming model to 
construct clusters for cloud computing and then 
realizes the reliable model with the analysis of 
resource use patterns within the clusters. The cloud 
computing has many advantages, such as 
performance improvement, reduction of IT 
development cost, storage capacity extension, 
reduction of maintenance cost, and data compatibility 
increase, and so on. The resource within cloud data 
center, however, is limited [6][7][8]. This is why it is 
important to allot resources efficiently when the user 
request is rising. This thesis constructs two 
experimental clusters, analyzes and compares the 
patterns of resource use, and measures the reliability 
so that the limited resources can be distributed 
efficiently. 

 

II. RELATED STUDY 
 
2.1. Cloud Computing 

 
Fig.1. Formation of Cloud Computing 

 
Cloud computing [9] is a kind of parallel and 
distributed systems which is composed of computers 
connected through virtualization. This system 
dynamically provides resources within the cloud data 
center on the basis of SLAs(Service Level 
Agreements) which is made with the negotiation 
between service provider and customer. In cloud 
computing environment, the users connect to a data 
center through internet-connected devices, use the 
resources they want like application, storage, 
OS(Operating System), etc., and pay for what they 
used, as shown in Fig.1. Cloud computing has already 
been used through web mail, blog, web hard service, 
or web hosting service, which all are provided by 
portal sites.  
 
However, the level and the range of service were 
limited in the past because of the limits of software 
technology and physical information, which could be 
delivered via network. However, with the 
development of software technology such as network 
advancement and virtualization, the environment, in 
which extensive software and IT resources can be 
offered through the internet, is ready to be provided. 
The level and range of IT service that cloud 
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computing can offer have been expanded 
accordingly. 
 
2.2. HDFS (Hadoop Distributed File System) 
HDFS is a distributed file system designed properly 
for an application program that processes a data set of 
giga- or terabyte by using clusters having hundreds or 
thousands of low-cost nodes. HDFS operates in a 
master – slave structure, and uses TCP/IP protocol for 
the communication between nodes. It also saves the 
copy of data in case of node failure. Fig.2. 
demonstrates the structure of HDFS. 

 
Fig.2. Structure of HDFS 

 
In Fig.2.single Name Node manages file of system 
name space, and controls the access of client to the 
file. Data Node manages the storage of each node in 
clusters, and performs block order by Name 
Node.[10] 
 
CONSTRUCTION OF CLUSTER 
 
3.1. Construction of Hadoop-Based Cluster 
There are three methods of building Hadoop-based 
clusters. They are single composition, virtual 
distribution, and full distribution. Firstly, single 
composition is to execute name node and data node 
with one Java process in a node. This method is 
mainly useful for debugging of Hadoop-based 
application program. Virtual distribution is to set each 
of name node and data node in a node as a virtual 
Java process and run them. The last method, full 
distribution, is to form a cluster with a number of 
nodes which performs communication with 
TCP/IP(Transmission Control Protocol/Internet 
Protocol) protocol. This study constructs two types of 
Hadoop-based clusters with full distribution method. 
 
3.2. Cluster_A: Composed  of  Homogeneous Node 
Cluster_B is a homogeneous cluster which is 
comprised of total 40 nodes with the same 
performance including name node and data node. 
Every operation system of node installs Cygwin in 
Windows 7 and then Hadoop-2.7.3 version is set up 
on top. The options of nodes comprising Cluster_B 
are as shown in Table1. 

Name node and data nodes 1~39 in Table 1 are 
connected to two switches on an independent network 
which has no external traffic, and whose bandwidth is 
100Mbps. Name node and data nodes 1~24 are 
connected to a switch, and date nodes 25~39 are 
connected to the other switch. 
 

Table1: Node Options of Cluster_A 
Node CPU RAM 
Name Node Quad core 3.3GHz 8 GB 
Data Node 
1~39 

 
3.3. Cluster_B: Composed of Heterogeneous Node 
Cluster_A is a small scale of heterogeneous cluster 
which consists of nodes with different performance. 
To construct this cluster, each operation system of 
nodes ports Ubuntu Linux and installs Hadoop-2.7.3 
version. The options of nodes comprising Cluster_A 
are as follows in Table 2. 

 
Table 2: Node Options of Cluster_B 

Node CPU RAM 
Name Node Quad core 3.3GHz 8 MB 
Data Node1 Quad core 2.40 GHz 8 GB 
Data Node2 Quad core 3.3GHz 8 GB 
Data 
Node13 

Quad core 3.3GHz 4 GB 

Data 
Node14 

Dual core 1.83 GHz 2 GB 

 
Name nodes and data nodes in Table 2 are connected 
to the same switch on an independent network which 
has no external traffic, and whose bandwidth is 
100Mbps. 
 
3.4. Experiment 
3.4.1 How to perform experiment 
This paper proposes a method to provide the 
requested resources without affecting resources, 
which are being used, when the entire resources are 
limited. The algorithm used in this study is to provide 
reliable resource by analyzing the usage patterns of 
idle resource at fixed intervals. Expression (1) is 
used to find the average rate of resource use against 
basic options of nodes. 

(1) 
- Rusage: mean resource usage 
- Si_k: set of data of node in order of i 
- Ki: number of data of node in order of i 
- Rij: resource usage of node in order of I during j 
time 
- Ri_capacity: basic resource capacity of node in 
order of i 

 
The optimal node is selected by putting all the 
information of usage patterns together. When 
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analyzing information for optimal node selection, the 
relevant information should be converted into relative 
value to be calculated as each information unit is 
different. Expression (2) is used to find the final 
ranking of node. 

(2) 
- Gi: reliability of node in order of i 
- w: weight 
- Rci: basic resource information of node in order of i 
- Rui: means resource usage of node in order of i 
- Ti: mean work processing time of node in order of i 
- Si: mean rate of work success of node in order of i 

 
In Expression (2), w indicates the weight value of 
node information. To select the optimal node out of 
available nodes, the experiment is performed in two 
ways of summing up identical w, and adding up w 
after giving higher value on w of one information out 
of four. 
 
3.5. Experiment Result 
3.5.1  Result of Experiment on Cluster_A 
According to the execution characteristics as shown 
in Fig. 3, the run time decreases as the number of 
nodes increases in the range of 5~25 nodes. However, 
when there are 25 nodes or more, the time doesn’t 
diminish any more. This is because when a failed 
node takes place, it transmits the work, which was 
being executed in the failed node, to another node and 
restarts it. The reason why the failed node occurred is 
that the hearbeat message which was sent to name 
node was not delivered for a period of time due to 
network overload generated on switch of name node 
and other nodes. Accordingly, after the occurrence of 
failed node, the expression (1) was executed without 
the failed node. As shown in Fig.4, there is no 
significant difference in the run time of (1) where the 
number of nodes is 25~40. Therefore, network policy 
or network topology is considered as very important 
factor to construct clusters efficiently. 
 

 
Fig.3. Result of Experiment on Cluster_A 

3.5.1  Result of Experiment on Cluster_B 

 
Fig.4. Performance of Cluster_B 

 
First of all, data node (1, 2, 3 + 4), whose color is red 
in Figure 4, results from the execution of 4 nodes 
including the low-performance data node 4. Data 
node (1,2,3), the blue one, is the result of execution 
with 3 data nodes except for the node 4. The overall 
run time of data node(1, 2, 3 + 4) including low-
performance data node 4 is longer than that of data 
node(1, 2, 3). This proves that the improvement of 
cluster performance cannot be achieved just by 
increasing the number of data node. Node 1 indicates 
the highest ranking in proportion to the system 
performance. This shows very close relation between 
reliability model and system performance. 
 
CONCLUSIONS 
 
This study analyzes the basic characteristics of 
performance by constructing two types of Hadoop-
based clusters for cloud computing and executing the 
resource use patterns analysis program. Cluster_A is 
a homogeneous cluster. It is composed of total 40 
nodes including name node and data node, which 
have the same performance. Cluster_B is a small 
scale of heterogeneous cluster whose nodes have 
dissimilar performance. 
In cluster _A, in the range of nodes whose number is 
between 5 and 25, the run time diminishes as the 
number of nodes rises. When there are 25 or more 
nodes, on the other hand, the run time does not reduce 
any further. This is because when a failed node 
occurs, the task that the failed node was undertaking 
is allotted to another node and restarts it. This shows 
that the network policy and network topology can 
give a great influence on the performance of cluster. 
In cluster_B, its data node increases because of the 
low-performance data node added, its performance is 
decreased. This means the performance of individual 
data node can be an important factor in deciding the 
overall performance of cluster. 
The cloud computing is a new computing paradigm 
that provides virtualized resources dynamically 
through internet. The cloud computing center is 
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composed of several servers. It dynamically 
composes virtualized resources to provide users with 
and reformation of the resources is needed when the 
resource request increases to meet the user’s needs. 
So, to solve this problem, this paper suggests an idea 
to build clusters and carries out researches on how to 
make the resources more reliable by analyzing the 
resource use patterns in the clusters. The future study 
should take its direction towards flexibly 
comprehending available resources and realizing a 
system which can allot the proper resource to users 
upon their request. 
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