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Abstract 

 

Data Science is one of the most growing areas of 

computer Science in present era. It deals with 

large amount of data to infer knowledge from the 

data sets to rationalize the information to achieve 

business values. Traditionally information was in 

structured form, means that was generally 

generated by business transactions. This 

information was easily process with our 

traditional data management system. In past few 

years the amount of digital data generated was 

grown exponentially. This large amount of data 

was unstructured, which cannot be processed and 

extracted efficiently from our traditional system. 

It includes Text files, sensor data, log data, web 

data, social networking data etc. The major 

reason behind the generation of this unstructured 

data is various applications used via internet e.g. 

Smart devices, web, mobile, social media and 

sensor Devices. For achieving the business goals 

this data is essential to mine. This large amount 

of unstructured data is called BIG DATA [1]. 

It’s in large volume, its varying. There are 

various tools are available for processing of this 

large amount of data. Hadoop is one of the 

popular and efficient tools for the processing of 

Big data. Hadoop provide a framework that 

allows us distributed computing and run tasks 

in parallel such that such type of complex data 

can be processed efficiently with respect to time, 

performance and resources. As in present era 

cloud computing is very popular, we are 

deploying various services in cloud instead of 

creating our own infrastructure, platform or 

applications. Hadoop is also preferable to 

deploy in cloud because it required a big 

infrastructure. It is beneficial for the client to 

deploy Hadoop at cloud instead of own 

infrastructure.  

 

Keywords: Hadoop, Bigdata, Mapreduce, HDFS, 

Hadoop Multinode Cluster. 

 

INTRODUCTION 

This is the era where digital data is generated 

everywhere, if we start from Desktop Computing to 

Cloud Computing, earlier storage was limited to own 

pc for personal and commercial use, after that we use 

client server architecture, where the number of clients 

are connected to a server, Then to share load and 

reliability we use cluster computing where at one 

physical location number of homogeneous Servers 

are connected via network they all are intent to 

Perform similar task. Then we move to Grid 

Computing where the heterogeneous servers of 

remote locations connected with wide area network. 

Then we combine the cluster and grid computing and 

that has formed a worldwide network of internet. As 

use of internet become very popular and essential for 

us in last few decades so that it generating large 

amount of digital data and this become the term Big 

Data, also Big Data includes data generated with 

various applications like as sensor data which 

continuously generates real time streaming data, also 

include log data of various application and devices 

etc which is become larger and complex.  

 

BIG DATA 

Data science is a growing research area concerned 

with extracting knowledge from the data. Data is 

any raw fact. Data can be categorized in two major 

terms, either it is structured or unstructured. The 

definitions of structured and unstructured data are 

defined by many vendors of many products. They 

all only mean that the data which is not managed 

by a standard DBMS is an unstructured data. It 

clears meanings of both types. In traditionally data 

was generated by general business transactions. 

This information used for “query and reporting”. 

This data is structured data means in form of rows 

and columns and we can easily analyze this data 

with our traditional database management system. 

This business transactions data is required high 

accuracy, to achieve accuracy we have to satisfy 

ACID property for transactions and also we have 

to compromise with huge resources to satisfy this 

acid property, in general unstructured data 

management does not support ACID Property 

because they are related to soft problems and 

output is uncertain, unexpected and approximated. 

Now in present era very less amount of data is 

generated in structured form as compare to 

unstructured data e.g. Text files, sensor data, log 

data, web data, social networking data or different 

varieties of data which is generated by various 

applications[2]. At present, worlds around 90 

percent of Data is unstructured, which is produced 

by various applications and generated from smart 

devices, web, mobile, social media and sensor 

Data. This unstructured data is unable to mine by 

the traditional DBMS. “This large amount of 
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unstructured data is called Big Data”. Basically, 

The term big data not only means large volume of 

data but also other features that differentiate it 

from the concepts of „„massive data or large 

volume of data‟‟. EMC (the cloud computing 

leader) defines big data as  “Big data technology 

describe a new generation of technologies and 

architectures, designed to economically extract 

value from very large volumes of a wide variety of 

data, by enabling high-velocity capture, discovery 

or analysis.‟‟ This definition delineates the three 

salient features of big data, i.e., volume, variety, 

velocity.  

 

 
Figure 1  Hace Theorem 

Big data can be easily explained by HACE 

THEOREM[6]. Big Data starts with large-volume, 

heterogeneous, autonomous sources with 

distributed and decentralized control, and seeks to 

explore complex and evolving relationships among 

data. These characteristics make it an extreme 

challenge for discovering useful knowledge from 

the Big Data. For example, we can imagine that a 

number of blind men are trying to size up a giant 

elephant (see Fig.1), which will be the Big Data in 

this context. Each blind man has to draw a picture 

(or conclusion) of the elephant according to the 

part of information he collects. Because each 

person‟s view is limited local region, then each 

blind man will conclude independently that the 

elephant “feels” like a rope, a hose, or a wall, 

depending on the region each of them is limited to. 

Importance of Big Data Analysis 

"Every day, we are creating 2.5 quintillion bytes of 

data" — so much that 90% of the data in the world 

today has been created in the last two years alone. 

This data is coming from : sensors used to gather 

climate information, posts to social media sites, 

digital pictures and videos, purchase transaction 

records, and cell phone GPS signals to name a few. 

Mostly data is unstructured and created by various 

applications. This data is big data. This large 

amount of unstructured data is unable to mine by 

the traditional DBMS because, Volume of data is 

  

                 
 

 

 
Figure 2 Proliferation of Unstructured data 

 

Very high, this data generally is in Terabytes, so 

traditional DBMS system is unable to mine this 

data, to mine this large volume of data parallel and 

distributed environment is required. The second 

problem with this data is its Velocity, Data like 

Sensor data or streaming data we can not capture 

its state because it is changing in per unit time so 

we have to maintain its historical records. The data 

is also in various forms like text file, images, 

audio, video etc. while traditional system can only 

mine relational data. 

                                            So this 3V‟s are the 

basic problem with this unstructured data 

“volume”, “velocity” and “variety”, this large 

amount of unstructured data , whose major source 

is various Applications which are generating this 

large amount of data. To solve these problems with 

unstructured data is necessary in business. 

Companies that are attempting to optimize their S 

& OP (Sales and operations planning) need 

capabilities to analyze historical data, forecast 

what might happen in the future.  
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GOOGLE FILE SYSTEM 

Google file system is a Distributed File System to 

ensure performance, Reliability, Fault tolerance, 

scalability, data storage, and clustered storage in 

distributed file system [9]. Google designed and 

implemented this to achieve the rapidly growing 

demands of Google‟s data processing needs. There 

are basically three issues to Designed this, they 

are, first one is component failures the quantity and 

quality of the components virtually guarantee that 

some are not functional at any given time and some 

will not recover from their current failures. 

Therefore, constant monitoring, error detection, 

fault tolerance, and automatic recovery must be 

integral to the system. Second one is files are huge 

by traditional standards. Multi-GB 

files are common. Third, most files are mutated by 

appending new data rather than overwriting 

existing data. Random writes within a file are 

practically non-existent. Once written, the files are 

only read, and often only accessed sequentially. 

Fourth,   co-designing the applications and the file 

system API benefits the overall system by 

increasing our flexibility. 

Architecture 

A GFS cluster consists of a single master and 

multiple chunk servers (slaves) and is accessed by 

multiple clients, as shown in Figure. Each of these 

is typically a Linux machine running a user-level 

server process. 

Files are divided into fixed-size chunks. Each 

chunk is identified by a globally unique 64 bit 

chunk handle assigned by the master at the time of 

chunk creation. Chunk servers store chunks on 

local disks as Linux files and read or write chunk 

data specified by a chunk handle and byte range. 

For reliability, each chunk is replicated on multiple 

chunk servers. By default, it store three replicas. 

The master maintains all file system metadata. It 

includes access control information, namespace, 

the mapping from files to chunks, and the current 

locations of chunks. Having a single master vastly 

simplifies our design and enables the master to 

make sophisticated chunk placement and 

replication decisions using global knowledge. The 

Master Stores three types of metadata, they are the 

file and chunk namespaces, the mapping of files to 

chunks and location of each chunk and its replicas. 

Map Reduce 

Map reduce is a simplified parallel computing 

programming model. The concept of map reduce 

has been part of many functional programming 

languages for many years. It‟s very popular in 

artificial intelligence called LISP. It‟s very 

valuable for programmers because of its “REUSE”. 

It is core for processing list of data‟s called Key 

and Values. As Map reduce is based on Functional 

Programming Language, there are few advantages 

of functional programming languages to use 

concept in distributed manner.  

First one is that the operators used in this is do not 

modify the structure of data, as they create new 

data structures to use this data as their output for 

further use, so original data will be unmodified 

means it do not effect your precious data at time of 

processing. 

Second benefit of functional programming is that 

programmer do not aware to explicitly manage the 

data, as you are working on distributed system, 

monitoring the flow of data is like as a nightmare 

for the programmer.  

Third most important part of functional 

programming is that order of operations on data is 

not predefined. So we can easily process data in 

parallel and distributed manner. 

Also map reduce is similar concept like “DIVIDE 

AND CONQUER TECHNIQUE”. Similar to 

divide and conquer technique we are here dividing 

problem in the sub problems in form of MAP 

function and Combine the results of map functions 

in Reduce functions.  So recursively we are using 

map and reduce functions for processing in Map 

Reduce programming model. 

As we can define map reduce as Map Reduce is a 

software framework that enables developers to 

write programs that can process massive amounts 

of unstructured data in parallel across a distributed 

group of processors. The Key-Value pair is the 

basic data structure used in map reduces. Key and 

Value may be primitive data types like as integer, 

float, strings, or raw data bytes or they may be 

complex structure like as list, tupples, arrays etc. 

for example for WebPages key may be url and 

value may be its content type, for graphs key may 

be its nodes and values may be its adjacency list of 

nodes as desired .In map reduce programming 

defined mappers and reducers 

Map: (k1, v1) → [( k2, v2)] 

Reduce: (k2, [v2]) →[( k3, v3)] 

 

 
Figure 4 
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MAP FUNCTION:- Map function takes input in 

form of key and value pairs and processes data as 

per need and generate result in form of key value 

pairs. Several map functions can run in parallel and 

execute independently. 

1. Master node partition the input into sub 

problems. 

2. Distribute the sub problems to the worker 

nodes. 

3. Worker nodes solved the sub problems 

independently in parallel way. 

REDUCE FUNCTION:- The output generated by 

the map function is the input for the reduce 

function, like as map functions reduce functions 

also can run in parallel as well as they can run in 

parallel with map function. After completion of all 

the reduce functions the final output will be 

combined from the output of all the reducers. 

1. Reducer receive inputs from map 

functions and perform reduce operation. 

2. Master node then take output of the all sub 

problems. 

3. Master node combine them to final output 

Fig shows a simplified view of map reduces for the 

word count problem. In this a line is taken as input 

then this line is split in form of words. Then this is 

given to different map functions, individual map 

function count them and scuffle the  result for the 

reduce function, then reducer aggregate the result 

of different map functions and generate final 

result, as shown in figure. 

 

 

 
Figure 6 

 

 

PARTITIONERS AND COMBINERS:- 

In earlier examples we see the traditional map reduce 

approach to solve the example. There are two 

additional elements that complete this model is 

practitioners and combiners. The Combiner and 

Partition functions fit between a Map function and a 

Reduce function. Partitioning is always performed if 

there is more than one node doing Reduce activity. 

The Combiner function is optional used for 

optimization and its use depends on the nature of the 

data and the processing to be performed.  

 
Figure 5 

The Map function potentially outputs a large number 

of key / value pairs. For the Reduce function to work, 

all key / value pairs for a particular key value must be 
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sent to the same Reducer. Practitioners are 

responsible for dividing up the intermediate key 

space and assigning intermediate key-value pairs to 

reducers. Within each reducer, keys are processed in 

sorted order. The simplest petitioners involve 

computing the hash value of the key and then taking 

the mod of that value with the number of reducers. 

This returns an index to each reducer to identify and 

sends particular key to the same reducer. 

Combiner is optional for use, this is used for 

optimization. It takes input from map functions and 

combines them into lesser records, and become the 

input for the reducers. It allows for lo cal aggregation 

before the shuffle and sort phase. 

 

EXECUTION FRAMEWORK:-  

ALGORITHM:- 

1. Start with a large number or data or records. 

2. Iterate over the data. 

3. Use the map function to extract something of 

interest and create an output list. 

4. Organize the output list to optimize for further 

processing. 

5. Use the reduce function to compute a set of 

results. 

 

A Map Reduce program, referred to as a job, 

consists of code for mappers and reducers together 

with configuration parameters (such as where the 

input lies and where the output should be stored). 

We submit the job to the master node of a cluster 

and execution framework takes care of everything 

else: it transparently executes distributed code 

execution, on clusters ranging from a single node 

to thousands nodes.  

Big Table 

Big table is introduced by Google as A Distributed 

Storage System for Structured Data. Big table is a 

Distributed Storage System for relational data. It is a 

distributed storage system for managing and 

manipulating structured data that is designed to scale 

to a very large size e.g. petabytes of data across the 

commodity servers. There are so many projects at 

Google which store data in Bigtable, they are web 

indexing, Google Earth, and Google Finance. 

Bigtable is designed to reliably scale to petabytes of 

data and thousands of machines. Bigtable has  goals: 

wide applicability , scalability , high performance, 

and high availability . It does not support a full 

relational data model; instead, but provides clients 

with a simple data model that supports dynamic 

control over data layout and format, and allows 

clients to reason about the locality. 

  
Figure 7 

  

It has a row families , columns families and 

timestamp related to entries which state the value at 

particular time. Each cell of Bigtable may have  

multiple versions of the same data; these versions are 

indexed by timestamp.. Columns families group the 

related data and form a class of related data which are 

distributed to different machines and operation is 

performed only at desired column family. Big table 

also used Google file system and map reduce. 

Bigtable maintains data in order by row key. The row 

range for a table is dynamically partitioned is called a 

tablet, which is the unit of distribution and load 

balancing. It store tables in distributed manner as 

GFS does and Personalized Search generates user 

profiles using a Map Reduce over Bigtable. 

 

NOSQL 

A NoSQL database provides a mechanism for 

storage and retrieval of data that is modelled in 

means other than the tabular relations used in 

relational databases. The Nosql was not an 

alternative to SQL but it support additional ability 

to handle unstructured data as well as structured 

data. The data structures used by NoSQL databases 

(e.g. key value, graph, or document) differ from 

those used in relational databases, making some 

operations faster in NoSQL and some faster in 

relational databases. NoSQL databases are 

increasingly used in big data and realtime web 

applications. but the limitation of NOSQL was that 

it support BASE property , so the real time 

application which required higher accuracy of 

output could not be implemented by NOSQL. 

 

NewSQL 

NewSQL is a class of modern relational database 

management systems that provide the same 

scalable performance of NoSQL with maintaining 

the ACID guarantees of a traditional database 

system. The difficulty with the NEWSQL was that 

it is fully satisfy ACID property. So it was good 
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for real time structured data, or hard problems, but 

with soft problems where output is approximated, 

NewSql was not the good option.  We have to 

compromises with lots of resources to satisfy 

ACID property which was not efficient. 

 

Google‟s Dremel 

Dremel is a interactive analysis system proposed 

by google at 2010. Dremel has a different 

architecture as Apache Hadoop. It acts as a 

successful complement of Map/Reduce-based 

computations. It has capability to run aggregation 

queries over trillion-row tables within few seconds 

. Its a very large infrastructure scales to thousands 

of Central processing units and petabytes of data's. 

As map reduce required programming skill dremel 

is design to use for the non programmers as well, 

but its limited to small data set with limited 

functionality. 

Big Query 

BigQuery is a service that allows to run SQL-like 

queries on multiple terabytes of data. This is one of 

the Google‟s core technologies, like MapReduce 

and Bigtable. Google has launched Google 

BigQuery, an newer version of Dremel to use the 

power of Dremel for Big Data processing 

requirements and grow their business. MapReduce 

is suitable for long-running batch processing such 

as data mining; BigQuery is the best choice for 

OLAP queries that require results as fast as 

possible. BigQuery is the cloud-powered a large 

parallel query database that provides extremely 

high query performance and cost effectiveness 

compared to traditional data warehouse solutions 

and appliances. 

 

Comparisons between Google Big Query and Map 

reduce  

 

Key Differences BigQuery MapReduce 

What is it? Query service 

for large 

datasets 

Programmig 

model for  

large datasets 

Data Mining use 

case 

Partially  Yes 

Very fast 

response 

Yes No (takes 

minutes - 

days) 

Easy to use for 

non-programmers  

Yes No(requires 

Hive) 

Programming 

complex data 

processing logic 

No Yes 

Processing 

unstructured data 

Partially(regule

r expression 

Yes 

matching on 

text) 

Handling large 

results / Join 

large table 

No Yes 

Updating existing 

data 

No Yes 

 

Hadoop 

Hadoop is a framework FRMAEWORK that allow 

distributed processing of large data sets across cluster 

using a simple programming model. It is an open 

source data management with distributed processing. 

Fundamentally Apache Hadoop Framework consists 

of the Hadoop kernel, Map Reduce and Hadoop 

distributed file system (HDFS), as well as other 

related projects e.g. Apache Hive, Apache HBase etc. 

Map reduce provide a simple programming model 

which split and aggregate run task parallel and 

Hadoop Distributed file system provide a file system 

as GFS to store and replicate data within the cluster 

to provide reliability, fault tolerance and parallel 

processing over the cluster. 

In HDFS nodes are distributed into network similar 

to NFS (Network File System). As NFS allow to 

visible local files to other UNIX system, hence 

client machine can mount this shared file to own 

local system[4]. This process is transparent for the 

client.NFS has limited power, file resides in the 

single machine and also file size is limited.  

Hence advantages of HDFS as compare to NFS are 

it support larger files with reliable, fast scalable 

access and interact with MAPRDUCE tasks for 

parallel processing.    

 

 

 

 
Figure 9 HDFS 

Actually HDFS is based on Google File System 

where blocks are stored in indexed manner; the 

machine which stores these blocks is called DATA 

NODE. A file of several blocks needs not to be stored 

in the same machine. A master machine called 
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NAME NODE, which stores all metadata related to 

data nodes [5]. It includes File name, permission, 

location of blocks, all stored in main memory of 

Name Node to provide fast access of metadata. 

To open a file client request to Name Node then 

Name Node assign appropriate address of block of 

corresponding file. 

 

 
Figure 8 Hadoop Task Execution 

 

The parallel processing is done by map reduce. The 

Map reduce is a simplified programming model 

which run on commodity machines, which goal is to 

achieve high performance over a large cluster. As we 

have seen the map and reduce functions in Google 

map reduce. In Hadoop map reduce parallel 

execution is performed by two element with help of 

HDFS they are Jobtracker and Tasktracker. Job 

tracker is the master node which distributes and 

manage map and reduce task over different 

Tasktrackers, as obvious task trackers are the worker 

nodes which are used for performing map and reduce 

operations in parallel. As Hive provide the capability 

of processing structured data efficiently and Hbase 

provide the same capability of Nosql data base for 

processing unstructured data, so that Hadoop is the 

one of the desire tool to process large data sets with 

better performance and reliability. 

 

CONCLUSION 

Big Data analysis is very useful in business 

analytics, now the unstructured data is growing 

exponentially because the cost of storage is 

become cheaper with time so the data which was 

discarded earlier time is now keeping store for 

future analysis, Now we have powerful multi-core 

processor and processing capabilities are 

improving with time, Low latency possible by 

distributed computing via high speed network, 

Virtualization of Resources and Services is now 

using everywhere so that digital data is growing 

exponentially with time.  

The problem with the big data is to process it 

efficiently which is not possible with our 

traditional data management system so that we 

required the powerful tools with efficient 

algorithms and parallel processing. Hadoop is the 

one of the most efficient tool for the big data and it 

is globally accepted. To dealing in big data with 

Hadoop, it is very important to setup a cluster of 

our requirement. 
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