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Abstract— Cluster computing has become a popular topic of research among the academic and industrial communities, 
including scientists, faculty and graduate researchers, system designers, network developers and even algorithm developers. 
The scope of development in cluster computing is very vast. 
This paper outlines what is cluster computing, how it evolved, its architecture, programs which run on clusters, a comparison 
between cluster, grid and cloud computing and advantages of clusters over these two. 
 
 
I. INTRODUCTION 
 
Clusters, made using commodity-off-the-shelf 
(COTS) hardware components are playing an 
important role in improving engineering, commercial 
applications and other large scale applications in 
which more processing power is required. Apart from 
the user of clusters in engineering and science, they 
are also used in business applications and E-
commerce. Cluster computing works on parallel and 
highavailability computing. It is a type of computing 
in which a number of nodes are made to run as a 
single system. These nodes are connected to each 
other by fast local area networks (LAN’s). There are 
two main reasons why people would prefer clusters 
rather than a single computer. One, it provides high 
computation by using the concept of parallel 
programming. Second, fault tolerance, which means 
that a fault in one node won’t affect its availability. In 
that case, other components would still be available 
to the user and hence improves server availability. 
In the era of fast computation, clusters enhance the 
power of computation enormously.  
 
Cluster Computing Example 
Google, a well known internet search engine uses 
cluster computing to fulfill countless worldwide 
search requests. It has a cluster of around 15,000 PCs 
distributed worldwide. A single query, that the user 
enters needs to go through billions of processing 
cycles and access hundreds of megabytes of data to 
return authentic search results. A typical Google 
search consists of the following operations: 

1. An Internet user enters a query at the Google 
webpage. 

2. The web browser searches for the Internet 
Protocol (IP) address via the www.google.com 
Domain Name Server (DNS). 

3. Google uses a DNS-based load balancing 
system that sends the query to a cluster that is 
geographically nearest to the user. This 
reduces network communication delay time. 
The IP address of the selected cluster is 
returned. 

4. The web browser then sends the search request 
in Hypertext Transport Protocol (HTTP) 

format to the selected cluster at the specified 
IP address. 

5. The selected cluster then processes the query 
locally. 

6. A hardware-based load balancer in the cluster 
monitors the available set of Google Web 
Servers (GWSs) in the cluster and distributes 
the requests evenly within the cluster. 

7. A GWS machine receives the request, 
coordinates the query execution and sends the 
search result back to the user’s browser.[1] 

 

 
Fig. Cluster Computing [2] 

 
1. Scalable parallel computer architectures 
Parallel computing basically defines, computation on 
multiple nodes in parallelism fashion over a cluster or 
any other parallel computing models to produce the 
desired output on some time constraints. So, to 
achieve the parallelism in complex computation 
various architectures/systems came into existence. 
 
1.1 Massively Parallel Processors(MPP) 
MPP is a large parallel processing system with a 
shared-nothing architecture which is a distributed 
computing architecture in which none of the nodes 
shares memory or disk storage, this model is contrast 
to other model which stores state information on the 
local disk or database. 
It typically consists of several hundred of processing 
nodes which are interconnected through a high speed 
interconnection network, each node consists of main 
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memory and one or more processors for the 
computation. 
 
1.2 Clusters 
High performance computation is the need of 
computing industry, clusters is a collection of 
workstations or PC’s that are interconnected through 
a network technology. Parallel computing needs a 
cluster which consists of high performance 
workstations on a high speed network.  
The basic components of clusters are computer nodes, 
cluster OS, network switching hardware and 
node/switch interconnect. 
 
1.2.1 Nodes 
Cluster consists of nodes which represents computers, 
there is one master node and worker nodes in the 
parallel computation. The workload is balanced over 
the clusters of nodes such that whenever the threshold 
limit is reached the load is transferred from one to 
another node. 
In case of node failure, since there is parallelism in 
computation therefore the in-progress task is 
transferred to another node and completed task is 
reexecuted, this process increases the fault-tolerance 
of system. 
1.2.2 Cluster Operating System 

Cluster operating system must provide a user friendly 
interface between the user, the application and the 
cluster hardware.  
Single System Image is imperative for distributed 
operating system so that the user can interact with the 
system as if it were a single computer, importantly 
fault tolerance factor must be high so that it can 
sustain during failure of a node. 
Implementing a SSI involves, making the cluster 
appear as a single computer to the users, SSI must 
have single entry point cluster, single file hierarchy, a 
single control point, virtual networking , single job 
management and a single user interface. 
Alpha Kernel, MOSIX and Plan 9 are some Cluster 
Operating systems. 
 
1.3 Distributed Systems 
Distributed systems is conventional networks of 
independent computers. Every node here runs a 
separate operating system, and the individual 
machines could have combinations of Clusters, 
MPPs, SMPs. Distributing computing has several 
basic architectures: client-server, three-tier, n-tier or 
peer to peer, since it  is highly coupled network of 
computers the architecture must be best suited for the 
implementation. Parallel and distributed computing 
shares lot of algorithms which makes the 
implementation easier. 
 

 

 
 

1.4 Symmetric Multi-processing 
Symmetric processing has a hardware and software 
architecture, comprises of multiple identical 
Processors linked to a single shared memory for 
having a full access to I/O devices and is controlled 
by a single operating system instance. 
 
2. Cluster Computing Systems/Platforms 
As, sequential computing era to parallel computing 
era organizations/individuals has developed several 
parallel computing platforms on clusters for complex 
computation. 

Data has been expanded with high volume, variety 
and velocity in past few years, computation on large 
data sets will be unprofitable by traditional methods. 
Cluster computing may solve this problem and can 
effectively extract, balance and compute large data 
sets. 
 
2.1 High Performance Cluster Computing(HPCC) 
High performance computing cluster is open source 
high performance platform for the processing of Big 
Data, HPCC platform has a software architecture 
implemented on commodity cluster for high 
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performance, parallel data processing for big data 
applications. 
HPCC works on data flow paradigm that supports 
three types parallelism, Data Parallelism, Pipeline 
Parallelism and System parallelism. In the first stage, 
data is distributed on parallel nodes on multiple 
servers, this cluster works similar as the Google and 
Hadoop MapReduce platforms. 
 
2.2 Apache Hadoop 
Hadoop is a open source Big data computation 
platforms on a cluster to work on large data sets 
working on functional programming model 
MapReduce which process data in parallelism fashion 
with high fault tolerance. 
2.2.1Hadoop distributed file system(HDFS) 
Hadoop distributed file system (HDFS) is a scalable, 
distributed and portable file-system written in java for 
Hadoop. basically Hadoop cluster has nominally 
single name-node plus a cluster of data-nodes. Each 

data-node serves up blocks of data over the network 
using a block protocol, the file system uses TCP/IP 
sockets for communications. 
 
2.2.2 MapReduce 
Over the past few, data has been increased with high 
velocity, variety and volume in the data farms/server 
farms of various parts of world. So, Google 
researcher's developed a new functional programming 
model MAPREDUCE to process and generate big 
data effectively. MapReduce is a parallel distributed 
processing model in Hadoop, which automatically 
parallelize data computation over the cluster of nodes, 
it also manages node failures and distribution of data 
meanwhile programmer concentrates on the problem 
solving part of big data processing. Mapreduce is a 
functional programming model it hass certain 
function like, map(),reduce(),partition() and all for 
the processing of Big data .[3] 
 

 

 
 

2.2.2.1 Programming Model 
The computation takes a set of input keys/value pairs, 
and produces a set of output key/value pairs. User of 
MapReduce library expresses the computation in the 
form of two functions:_Map and _ Reduce. _Map 
function takes input pair and produces a set of 
intermediate key/value pairs. The MapReduce library 
groups together all intermediate values associated 
with the same intermediate key I and passes them to 
the_Reduce function . 

The _Reduce function, written by the user , accepts 
an intermediate key i and a set of values for that key. 
It merges together these values to form a possibly 
smaller set values on every worker node present in 
the cluster of nodes. 
 
2.3 Apache Spark 
Spark is an open source framework of clusters, it’s a 
fast and dynamic platform to solve some machine 
learning algorithms in lesser time. 
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Spark is a multi-staged in-memory paradigm, which 
increases the processing speed 100 times. It gives 
power to user to load data in clusters and query 
repeatedly. 
It comes in multiple file systems than Hadoop like, 
Cassandra, Kudu, Amazon S3. On cluster of nodes, 
data is processing in parallelism manner, spark’s 
multi stage model makes the data to flow rapidly, 
because of this model fault tolerance is also high. 
 
Advantages of Cluster Computing 
 
 High processing power: Since cluster is a set 

of computers connected with high speed LAN, 
its processing power increases collectively. 

 Manageability: Since there are a lot of 
components to handle, it becomes difficult to 
manage them. But with cluster, all the 
components are combined to work as a single 
entity. So, managing them becomes easy. 

 Scalability: Clusters are highly scalable, 
adding a single node to a cluster is easy and 
availability of cluster is also high on a cheaper 
rates for the organizations. 

 Easier maintenance: if a node requires 
maintenance, then, I can be stopped and other 
computers will handle its load. Hence, 
maintenance becomes very easy. 

 High Availability: Since all the computers in a 
cluster are identical, if one component or node 
shuts down due to any error, then other 
components will handle its work. So, the 
availability will not be affected so that the user 
can continue his work.[4] 

 

Pitfalls 
 Software Issues: Open Source Cluster 

Application Resources (OSCAR) is a 
Linuxbased software that has to be installed in 
nodes for high-performance cluster computing. 
Now, if this software is not installed in 
computers, then there may be issues in 
combining them as a single entity. 

 Privacy issues: Since it is easily accessible, it 
can also supply secret and confidential data. 

 Problem in Finding Fault: Since we are dealing 
with a single entity, so when any problem 
arises, then It would be difficult to identify 
which component has that error.  

 
CONCLUSION 
 
Cluster computing is the new paradigm of 
computation of data, it’s scalability makes it a best 
option in todays world. Clusters are inexpensive than 
supercomputers and can do computation even faster 
than some of the supercomputers, parallelism in 
cluster increases the efficiency by fore-fold. In future, 
research is needed in this field of computing. 
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