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Concepts, Applications and Future Scope of
Big Data

T. Karunakar, M. Nagarjuna, K. Hema

Abstract— Big Data refers to the data or sets of records that are too large in volume to be operated using the existing database
management tools and techniques. They are produced in many important applications, such as search engines, business informatics,
social networks, social media, genomics, meteorology, and weather forecast. Big data presents a big challenge for database and data
investigative research. The main objective of this paper is to give a brief introduction of Big Data, its architecture, characteristics and
challenges. The hurdles of securing the data and democratizing it have been elaborated amongst several others such as inability in finding
sound data professionals in required amounts and software that possess ability to process data at a high velocity. Through the article, the
authors intend to decipher the notions in an intelligible manner embodying in text several use-cases and illustrations.

Index Terms—. Acquisition, Modeling, Sentiment Analysis, Interpretation.

INTRODUCTION

Recent advancement in technology has led to generation of a
great quantity of data from distinctive domains over the past
20 years. Big data is a broad term for data setsso great in vo-
lume or complicated that traditional data processing applica-
tions are inadequate. Although the big data have large amount
of data or volume, it also processes the number of unique cha-
racteristics unlike traditional data. The term often refers simp-
ly to the use of predictive analytics or other certain advanced
methods to extract value from data, and seldom to a particular
size of data set. For example, big data is usually unstructured
and requires more time for analysis and processing. This de-
velopment calls for new system architectures for data acquisi-
tion, transmission, storage, and large-scale data processing
mechanisms.

Big Data is data that are enormous in size and exceeds the
processing capacity of regular or traditional database systems.
Challenges include analysis, capture, data curation, search,
sharing, storage, transfer, visualization, and information pri-
vacy. The data is so enormous and are generated so fast that it
doesn't fit the structures of normal or regular database archi-
tecture. To analyze the data new alternative way must be used
to process it.
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amount of data that is being produced continuously is what
can be coined as Big Data. Big Data decodes previously un-
touched data to derive new insight that gets integrated into
business operations. However, as the amounts of data increas-
es exponential, the current techniques are becoming obsolete.
Dealing with Big Data requires comprehensive coding skills,
domain knowledge and statistics.

Despite being Herculean in nature, Big Data applications are
almost ubiquitous- from marketing to scientific research to
customer interests and so on. We can witness Big Data in ac-
tion almost everywhere today. From Facebook which handles
over 40 billion photos from its user base to CERN’s Large Hy-
dron Collider (LHC) which generates 15PB a year to Walmart
which handles more than 1 billion customer transactions in an
hour. Over a year ago, the World Bank organized the first
WBG Big Data Innovation Challenge which brought forward
several unique ideas applying Big Data such as big data to
predict poverty and for climate smart agriculture and fore
userfocused Identification of Road Infrastructure Condition
and safety.

ARCHITECTURE OF BIG DATA
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1 Concepts

“Every day, we create 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 comes from everywhere: sen-
sors 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”. such colossal
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Fig 1 Overview of the analytics workflow for Big Data.

One of the most time-consuming and extensive work tasks of
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Analytics and investigative approach is preparation of data for
analysis and processing; a problem often made worse by Big
Data as it already stretches infrastructure to its limits. Per-
forming analytics on huge volumes of data records requires
efficient methods to perform operations on the data. Cloud
analytics solutions need to consider the multiple Cloud dep-
loyment models adopted by enterprises, where clouds can be
of certain type.

Private: deployed on a private network, managed by the or-
ganization or by an external firm. A private Cloud is suitable
for businesses that need the highest level of control of security
and data confidentiality.

Public: deployed off-site over the Internet and available to
the common people. Public Cloud offers high efficiency and
shared resources at cheap rate.

Hybrid: joins both Clouds where additional resources from a
public Cloud can be provided as a requirement to a private
Cloud. Considering the Cloud deployments, the following
scenarios are usually envisioned considering the availability of
data and analytics models: (i) data and schema are private; (ii)
data is public, structures are private; (iii) data and schema are
public; and (iv) data is private, structures are public.

CHARACTERISTICS OF BIG DATA:

Variety: Data types

Velocity: Data production and processing speed
Big Data Volume: Data size
Veracity: Data reliability and trust

Value: Worth derived from exploiting Big Data

Fig. 2 Characteristics of Big Data.
Characteristics of Big Data by what is usually referred to as a
multi V model, is shown in Fig. 2. Variety represents the types
of records in data, velocity refers to the rate at which the spe-
cific amount of data is generated and analyzed, and volume
defines the amount or number of records of data. Veracity
means how much amount of the data can be trusted given the
reliability of its source.
e Data Volume: Data volume defines the measures of
amount of data available to an organization, which does not
necessarily have to own all of it as long as it can access it. As
amount of data volume increases, the value of different data
records will decrease in proportion to age, type, richness, and
quantity among all other factors.
e Data Velocity: Data velocity is a mean to measure the
speed of data generation, streaming, and arithmetic opera-
tions.

Batch: At time intervals

Speed of arrival Near-time: At small time intervals
and processing

Real-time: Continuous input, process, output

Streams: Data flows

Fig .3 Velocity of Big Data.
E-Commerce and other start-ups have rapidly increased the
speed and richness of data used for different business transac-
tions (for instance, web-site clicks). Managing the Data veloci-
ty is much more and bigger than a band width issue; it is also
an ingest issue (extract transform-load).
e Data Variety: Data variety is a measure of the richness of
the data representation of the different types of data stored in
the database — text, images video, audio, etc.

Structured: Formal schema and data models
Unstructured: No pre-defined data models
Data types

Semi- structured : Likes strict data models structure

Mixed: Various type together

Fig.4 Variety of Big Data.
From an analytic perspective, it is probably the biggest ob-
stacle to effectively use large volumes of data. Incompatible
data formats, incomplete data, non-aligned data structures,
and inconsistent data semantics represents significant chal-
lenges that can lead to analytic spread out over a large area in
an untidy or irregular way.
e Data Value: Data value measures the usefulness of data in
making decisions. It has been noted that “the purpose of com-
puting is insight, not numbers”. Data science is exploratory
and useful in getting to know the data, but “analytic science”
encompasses the predictive power of big data.
e Complexity: Complexity measures the amount of inter-
connectedness and interdependence and overlapping of data
in big data structures such that even a slight change in one or a
few elements can affect very large changes or a small change
that ripple across or cascade through the system and substan-
tially affect its behavior, or no change at all.
Considering data velocity, it is considered that, to complicate
matters further, arrival of data and processing or analyzing
data are performed at different speeds, as illustrated in Fig. 4.
Whilst for some applications, the arrival and processing of
data can be performed in a block, other analytics applications
require continuous and real-time analyses sometimes require
immediate action upon processing of incoming data streams
i.e. the action is taken when the data flows continuously.
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Fig 5: Big Data Pipeline
e Data Acquisition and Recording:
Big Data does not falls out of sky or neither is it grown on
tree: the generated data is recorded from some data generating
source. Another biggest challenge is to automatically produce
the correct metadata to describe what data is recorded and
how it is recorded and measured. Another important issue
here is data provenance. Recording information about the data
at its generation is not usefulness. This information can be
understood completely and flowed along through the data
analysis pipeline.
e Information Extraction and Cleaning:
Frequently, the data generated and stored will not support the
format which needs to be ready for analysis. We cannot use
the unsupported data in this form and still effectively analyze
it. To do the analysis, we need a process to extract the informa-
tion that selects the required information from the underlying
unstructured data and expresses it in a structured form suita-
ble for analysis and process. Analyzing and processing the
data correctly and completely is a continuously a technical
challenge faced.
¢ Data Integration, Aggregation, and Representation:
Data stored in databases are not similar, they are heterogene-
ous data i.e. Variety of data. It is not enough simply to record
the data and store it into a repository. Data analyzing and
processing is considerably more challenging than simply lo-
cating, identifying, understanding, and citing data.
e Query Processing, Data Modeling, and Analysis:
Methods for querying and mining the records of Big Data are
fundamentally different from that of traditional statistical
analysis on small samples like tables, views, cursor etc. Big
Data is often noisy, dynamic, heterogeneous, inter-related in-
terdependent, overlapping and untrustworthy.
e Interpretation:
Having the ability to analyze or process Big Data is off the
limits value if users cannot understand or interpret the analy-
sis. Ultimately, a decision-maker, provided with the result of
analysis, has to interpret these results. This interpretation does
not occur out of nowhere in a vacuum. Usually, it involves
examining all the assumptions made and retracing the analy-
sis.
2. APPLICATIONS OF BIG DATA.

Big Data is slowly becoming ubiquitous. Every arena of busi-

ness, health or general living standards now can implement
big data analytics. To put simply, Big Data is a field which can
be used in any zone whatsoever given that this large quantity
of data can be harnessed to one’s. advantage. The major appli-
cations of Big Data have been listed below.

e The Third Eye- Data Visualization

Organizations worldwide are slowly and perpetually recog-
nizing the importance of big data analytics. From predicting
customer purchasing behavior patterns to influencing them to
make purchases to detecting fraud and misuse which until
very recently used to be an incomprehensible task for most
companies big data analytics is a one-stop solution. Business
experts should have the opportunity to question and interpret
data according to their business requirements irrespective of
the complexity and volume of the data. In order to achieve this
requirement, data scientists need to efficiently visualize and
present this data in a comprehensible manner. Giants like
Google, Facebook, Twitter, EBay, Wal-Mart etc., adopted data
visualization to ease complexity of handling data. Data visua-
lization has shown immense positive outcomes in such busi-
ness organizations. Implementing data analytics and data vi-
sualization, enterprises can finally begin to tap into the im-
mense potential that Bigdata possesses and ensure greater
return on investments and business stability.

e Integration- An exigency of the 21st century

Integrating digital capabilities in decision-making of an or-
ganization is transforming enterprises. By transforming the
processes, such companies are developing agility, flexibility
and precision that enables new growth. Gartner described the
confluence of mobile devices, social networks, cloud services
and big data analytics as the as nexus of forces. Using social
and mobile technologies to alter the way people connect and
interact with the organizations and incorporating big data
analytics in this process is proving to be a boon for organiza-
tions implementing it. Using this concept, enterprises are find-
ing ways to leverage the data better either to increase revenues
or to cut costs even if most of it is still focused on customer-
centric outcomes.Such customer-centric objectives may still be
the primary concern of most companies, a gradual shift to in-
tegrating big data technologies into the background opera-
tions and internal processes.

Organizational objectives for use of data and analytics

Financial/risk
management

are using

data and analytics
to improve customer
. acquisition
Operational =

efficiency Customer-

centric are using

data and analytics
to improve customer
experience

Fig.6 Analysis as generated by IBM institute of Business
Value 2014 Anlytics study.
eBig Data in Healthcare:
Healthcare is one of those arenas in which Big Data ought to
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have the maximum social impact. Right from the diagnosis of
potential health hazards in an individual to complex medical
research, big data is present in all aspects of it. Devices such as
the Fitbit, Jawbone and the Samsung Gear Fit allow the user to
track and upload data. Soon enough such data will be com-
piled and made available to doctors, which will aid them in
the diagnosis. Several partnerships like the Pittsburgh Health
Data Alliance have been established. The Pittsburgh Health
Data Alliance is a collaboration of the Carnegie Mellon Uni-
versity, University of Pittsburgh and the UPMC. In their web-
site, they state, —The health care field generates an enormous
amount of data every day. There is a need, and opportunity, to
mine this data and provide it to the medical researchers and
practitioners who can put it to work in real life, to benefit real
people......The solutions we develop will be focused on pre-
venting the onset of disease, improving diagnosis and enhanc-
ing quality of care....... Further, there is the potential to lower
health care costs, one of the greatest challenges facing our na-
tion. And the Alliance will also drive economic growth in
Pittsburgh, attracting hundreds of companies and entrepre-
neurs, and generating thousands of jobs, from around the
world... I The patients diagnosis will be analyzed and com-
pared with the symptoms of others to discover patterns and
ensure better treatment. IBMhas taken initiative in a large
scale to implement big data in healthcare systems be in its col-
laboration with healthcare giant Fletcher Allen or with the
Premier healthcare alliance to change the way unstructured
but useful clinical data is made available to more medical
practitioners so as to improve population health. Big Data can
also be used in major clinical trials like cure for various forms
of cancer and developing tailor-made medicines for individual
patients according to their genetic makeup. To summarize,
Sundar Ram of Oracle stated, —Big Data solutions can help
the industry acquire organize & analyze this data to optimize
resource allocation, plug inefficiencies, reduce cost of treat-
ment, improve access to healthcare & advance medicinal re-
search.

¢ Big Data and the World of Finance:

Big Data can be a very useful tool in analyzing the incredibly
complex stock market moves and aid in making global finan-
cial decisions. For example, intelligent and extensive analysis
of the big data available on Google Trends can aid in forecast-
ing the stock market. Though this is not a fool-proof method, it
definitely is an advancement in the field. A research study by
the Warwick Business School drew on records from Google,
Wikipedia and Amazon Mechanical Trunk in the time period
of 2004-2012 and analyzed the link between Internet searches
on politics or business and stock market moves. In the paper,
the author states, —We draw on data from Google and Wiki-
pedia, as well as Amazon Mechanical Turk. Our results are in
line with the intriguing possibility that changes in online in-
formationgathering behavior relating to both politics and
business were historically linked to subsequent stock Market
moves....Our results provide evidence that for complex events
such as large financial market moves, valuable information
may be contained in search engine data for keywords with
less-obvious semantic connections to the event in question.

Trading on Big Data

Some quantitative investors are finding ways
to use the growing amount of global data to
better predict price movements of securities.
Firms like Two Sigma Investments feed
dozens of data sets into their compu

which are used for trading decisions.
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2. CREATE TRADING
MODELS

BUY: Overall
sentiment
shifts to

TWITTER
POSTS

WEATHER

One example of a hypothetical trade involving
the shares of a major big-box retailer:

1. DOWNLOAD DATA

The hedge fund’s computer system absorbs
data from many sources about the retailer.

The fund's researchers use the data to devise trading models for the
retailer’s stock and to improve existing ones, back-tested on historical data.

BUY: Price breaks
through a 200-day
average and executives
buy more shares in their
own company.

: Customers of the

retailer complain about a l
roduct on Twitter;

other data show fewer

people are visiting the store.

positive
territory

3. WEIGH THE RESULTS

Each suggested trade is weighted
based on the model’s performance
and other factors. The strongest
ideas are sent on for processing.

5. PLACE TRADES

Finally, an execution system automatically places the trade
in the market. In some cases, a human manually places the order,
but primarily for securities that don’t trade as much electronically.

4. ANALYZE RISK

A risk system makes sure the firm isn't getting
overexposed in a particular sector or firm. It
also monitors the firm’s overall performance
and other factors,

Fig.6 Wall Street summarizes the above concept.
Overall, we find that increases in searches for information
about political issues and business tended to be followed by
stock market falls.ll Big Data is also being implemented in a
field called _Quantitative Investing where data scientists with
negligible financial training are trying to incorporate compu-
ting power into predicting securities prices by drawing ideas
from sources like newswires, earning reports, weather bulle-
tins, Facebook and Twitter.
One very interesting avenue of using Big Data in finance is the
sentiment extraction from news articles. Market sentiment
refers to the irrational belief in investors about cash-flow re-
turns. The Heston-Sinha‘s Application of the Machine Learn-
ing algorithm provides us with the probability of an article
being _positive, _negative’ and _neutral’ using two other pop-
ular methods, one being with the use of the Harvard IV Dic-
tionary.
In general, big data is set to revolutionize the landscape of
Finance and Economy. Several financial institutions are adopt-
ing big data policies in order to gain a competitive edge.
Complex algorithms are being developed to execute trades
through all the structured and unstructured data gained from
the sources. The methods adopted so far has not been com-
pletely adept, however, extensive research ensures growing
dependence of the stock markets, financial organizations and
economies on big data analytics.
e Big Data in Fraud Detection:
Forensic Data Analytics or FDA has been an intriguing area of
interest in the past decade. However, very few companies are
actually using FDA to mine big data. The reasons for this un-
fortunate situation vary from the deficit of expertise and
awareness, developing the right tools to mine big data to lack
of appropriate technology and inability to handle such hu-
mungous quantities of data. Ernst & Young undertook the
Global forensic data analytics survey in 2014 and found that,
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—Our survey finds that 42% of companies with revenues be-
tween US$100 million to US$1 billion are reviewing less than
10,000 records. And 71% companies with more than US$1 bil-
lion in sales report examining just one million records or few-
er....Companies know there are high risk numbers in book
entries, such as round thousands or duplicates, but they're
only just starting to analyze descriptions for those book en-
tries. Looking at both the numbers and words can mean the
difference between uncovering fraud, and falling victim to it. |
The combination of appropriate data and big data analytics
can help combat fraudulent activities. Though several compa-
nies are mining big data for this purpose there are still limita-
tions in their approach. They are either keeping the data si-
loed, limiting the analysis to be performed or only taking into
consideration the structured data thus only giving a subset of
information. A more holistic approach to the implementation
of big data analytics is required. Companies such as Pactera is
developing solutions which will process massive amounts of
structured and unstructured data and develop varied models
and algorithms to find patterns of fraud and anomalies and
predict customer behavior.

¢ Big Data and Sentiment Analysis:

Sentiment Analysis is by far the most extensively used appli-
cation of big data. Presently, zillions of conversations are oc-
curring on the social media, which when harnessed to one’s
advantage can aid any company in determining new patterns,
protecting their brand image and segmenting consumer base
to improve product marketing and the overall customer expe-
rience. Several giants are presentlydeveloping tools for effi-
cient sentiment analysis. IBM has developed IBM Social Media
Analytics which is a powerful SaaS solution. It captures struc-
tured and unstructured data from social networking sites to
develop a comprehensive understanding of attitudes, opinions
and trends. It then applies tools of predictive analysis to de-
termine customer behavior and improve customer experience.
This can aid the company to create personalized campaigns
and promotion to increase the consumer base. It has presented
their framework as the following.

IBM Social Media Analyties Framework

Social Media Segmentation

ARE WE REACHING THE INTENDED
AUDIENCES=AND ARE WE LISTENINGT
+ Geographics, Demographics

» Influencers, Fecommenders, Detractors
= Users, Prospective Users

&

Social Media Relationships
WHAT 15 DRVING SOCIAL MEDIA
ACTITY, BEHAVIOR AND SENTIMENT?
* Affiraty

-l B
igf’

ARE WE THE RIGHT IVESTMENTS
1N PRODUGTS/SERVIGES, MARKETS

CAMPAIGNS, EMPLOVEES, PARTNERS?
» Share of Voice

Social Media Discovery Discover
WHAT NEW IDEAS DAN WE DISCOVER?

« Topkcs . \

o

Fig8: IBM’s Social Media Analytics framework.
Similarly SAP has developed a SAP-HANA based application
known as Social Contact Intelligence which monitors and de-
velops insights from social media at real-time, determines the
primary influencers thus determining new opportunities and
improving the overall customer satisfaction.

/

3. FUTURE SCOPE AND DEVELOPMENT

Today, Big Data is influencing IT industry like few technolo-
gies have done before. The massive data generated from sen-
sor-enabled machines, mobile devices, cloud computing, social
media, satellites help different organizations improve their
decision making and take their business to another level.

"Big data absolutely has the potential to changethe way
governments, organizations, and academic institutions con-
duct business and make discoveries, and its likely tochange
how everyone lives their day-to-day lives," - Susan Hauser,
corporate vice president of Microsoft.

Data is the biggest thing to hit the industry since PC was
invented by Steve Jobs. As mentioned earlier in this paper,
every day data is generated in such a rapid manner that, tradi-
tional database and other data storing system will gradually
give up in storing, retrieving, and finding relationships among
data. Big data technologies have addressed the problems re-
lated to this new big data revolution through the use of com-
modity hardware and distribution. Companies like Google,
Yahoo!, General Electric, Cornerstone, Microsoft, Kaggle, Fa-
cebook, Amazon that are investing a lot in Big Data research
and projects. IDC estimated the value of Big Data market to be
—about $ 6.8 billion in 2012 growing almost 40 percent every
year to $17 billion by 2015.1l By 2017, Wikibon’s Jeff Kelly pre-
dicts the Big Data market will top $50 billion.

”"Demand is so hot for solutions that all companies are ex-
ploring big data strategies. The problem is that the companies
lack internal expertise and best practices.. the side effect is that
there is a services and consulting boom in big data. It's a per-
fect storm of product and services” says Wikibon’s Jeff Kelly.
Recently it was announced that, Indian Prime Minister’s office
is using Big Data analytics to understand Indian citizen’s sen-
timents and ideas through crowd sourcing platform
www.mygov.in and social media to get a picture of common
people’s thought and opinion on government actions. Google
is launching the Google Cloud Platform, which provides de-
velopers to develop a range of products from simple websites
to complex applications. It enables users to launch virtual ma-
chines, store huge amount of data online, and plenty of other
things. Basically, it will be an one stop platform for cloud
based applications, online gaming, mobile applications, etc.
All these required huge amount of data processing where Big
Data plays an immense role in data processing.

The predictions from the IDC Future Scope for Big Data and
Analytics are:
1. Visual data discovery tools will be growing 2.5 times
faster than rest of the Business Intelligence (BI) market.
By 2018, investing in this enabler of end-user self-
service will become a requirement for all enterprises.

2. Over the next five years spending on cloud-based Big
Data and analytics (BDA) solutions will grow three
times faster than spending for on-premise solutions.
Hybrid on/off premise deployments will become a re-
quirement.

3. Shortage of skilled staff will persist. In the U.S. alone
there will be 181,000 deep analytics roles in 2018 and
five times that many positions requiring related skills
in data management and interpretation.

4. By 2017 unified data platform architecture will become
the foundation of BDA strategy. The unification will oc-

IJSER © 2017
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 8, Issue 5, May-2017 230

ISSN 2229-5518

cur across information management, analysis, and
search technology.

5. Growth in applications incorporating advanced and
predictive analytics, including machine learning, will
accelerate in 2015. These apps will grow 65% faster
than apps without predictive functionality.

6. 70% of large organizations already purchase external
data and 100% will do so by 2019. In parallel more or-
ganizations will begin to monetize their data by selling
them or providing value-added content.

7. Adoption of technology to continuously analyze
streams of events will accelerate in 2015 as it is applied
to Internet of Things (IoT) analytics, which is expected
to grow at a five-year compound annual growth rate
(CAGR) of 30%.

8. Decision management platforms will expand at a
CAGR of 60% through 2019 in response to the need for
greater consistency in decision making and decision
making process knowledge retention.

9. Rich media (video, audio, image) analytics will at least
triple in 2015 and emerge as the key driver for BDA
technology investment.

10. By 2018 half of all consumers will interact with services
based on cognitive computing on a regular basis.

Big data isn't new, but now has reached critical mass as
people digitize their lives. "People are walking sensors," said
Nicholas Skytland, project manager at NASA within the Hu-
man Adaptation and Countermeasures Division of the Space
Life Sciences Directorate.

Taking an average of all the figures suggested by leading big
data market analyst and research firms, it can be concluded
that approximately 15 percent of all IT organizations will
move to cloud-based service platforms, and between 2015 and
2021, this service market is expected to grow about 35 percent.

CONCLUSION:

Big data is able to process and store that data and probably in
bulk of amount in soon future. Hopefully, technology will get
better. New technologies and tools that have ability to record,
monitor measure and merge all kinds of data surrounding us,
needs to be introduced very soon. Industries need new tech-
nologies and tools for anonymzing data, analysis, tracking and
inspecting information, sharing and maintaining, private data
in future. So many aspects of life which generates the big data
on daily basis that manages big data world need to be shined
as possible.

There are too much of future important challenges in Big Data
management and analytics that arise from the nature of data:
large, diverse, and evolving.
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