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ABSTRACT

The global volume of data is exploding and many organizations rely on its accuracy to make strategic business decisions because it
serves as their lifeblood and without it, they cannot function properly. Unfortunately, most decisions are based on the smaller fraction
of available data i.e. structured data while the larger part, the unstructured part, is unattended. Data is rapidly expanding, changing and
coming from a variety of sources, thus making the storage, protection, handling and management of both structured and unstructured
data i.e. Big Data (BD), a challenge. This paper after comprehensively discussing the theories of data in detail, proposes a feasible,
conceptual framework for Big Data adoption by any organization. It gives insight to the potentials of Big Data analytics versus Tradi-
tional Data analytics and also presents various tools and techniques that can be adopted for data analysis. Importantly, this paper would
help organizations define their expectations from Big Data analytics and its influence on customer’s perception. This paper also dis-
cusses the challenges and opportunities inherent in Big Data and sets a research path in solving issues arising from its analytics and
adoption.

Keywords: Data, Structured Data, Unstructured Data, Big Data (BD), Big Data Analytics, Traditional Data Analytics, Framework,
Opportunities, Challenges.

1 Introduction

Data is essential in any organization and the world itself is built Gl z :

) A A obal Information Storage Capacity
on the foundations of data. Countries today depend on the dispo- in optimally compressed bytes
sition, analysis and management of data to impact lives of their
citizens. The development and use of technological infrastructure
is embraced to aid data generation, so that all accessible services
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can be enriched as they are used. As of May 2017, the world’s i?.i‘io_sm - g .

current population was about 7.8 billion (World Population Clock, o 2 ‘,7: ;'?"5&222 @
2017) out of which 3.8 billion people are connected to the internet 0.02 exabytes T ,
(World Internet Users Statistics , 2017). Access to technological = W
infrastructures by these teaming population generates tremendous e ————

volume of data and since the 80’s, the world's technological per- of the digital age”

capita capacity to store information approximately doubles every : ‘ R
40 months (Hilbert M, 2011) with about 2.5 exabytes (2.5x10%8) ww e 28Oexabytes

of data generated every day (IBM, 2017). Figure 1: The World’s Technologicalr dapacity to Store, Com-

municate and Compute Information (Hilbert. M, 2011)
The volume of unstructured and multi-structured data within a
typical organization is about 80% (Savvas, 2011) and with an av-
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erage annual data growth rate of 59% (Pettey, 2011) , this percent-
age is bound to increase in some years. The remaining 20% is
structured data and can only analyzed using traditional data ana-
Iytics, leaving a high volume of valuable information source unan-
alyzed. The concern is not just about the volume of unstructured
data posing a problem in the nearest future but also the variety and
velocity are issues that should be addressed (Russom, 2011).

(Kaisler S, 2013) identified certain important issues caused by the
overwhelming grsowth rate of the amount of data collected to in-
clude rapid data growth, transfer speed, diverse data, and security
issues. The current trend in the improvement of data mining and
storage technology however allows the preservation of this enor-
mous volume of data.

Big data is an expression for describing large or multifaceted data
sets that cannot be processed using only traditional data pro-
cessing application software. Challenges posed include data cap-
ture, data storage, data analysis, data curation, search, data shar-
ing, data transfer, data querying, data updating that needs to be
processed quickly. It also refers to the use of Predictive Analytics
(PA), User Behavior Analytics etc. that extract value from data,
and rarely to a specific size of data set. The idea of BD covers
unstructured, semi-structured and structured data, with the main
emphasis is unstructured data (Dedi¢, 2017). BD analytics can
find new ways to spot business trends, prevent diseases, combat
crime and so on (Boyd, 2011).

Since Big Data is still in its early stage, this paper presents its
thorough review, classifying its numerous features and then pro-
poses a model for its adoption by any organization.

2. Background

Big data is a critical issue that requires immediate attention
(Wing, 2008), ( Mervis, 2012) because of the rapid growth of in-
formation put at a multiple of ten (X10) every five years
(Hendrickson, 2010) which cannot be processed using existing
methods and techniques (Hilbert M, 2011).

According to (James M, 2011) , many organizations will require
additional investments in IT hardware, software and services to
capture, store , organize and analyze large datasets since re-
quired/standard tools and techniques are not available to analyze
large datasets. This causes them to experience start-up challenges
in performing operations (creating, manipulating etc.) on large da-
tasets. Replicating data also faces some security challenges re-
garding the reproduction of multiple data copies and policies
which defines data creation, storage, analysis, relevance and ac-
cess. Processing unstructured data requires understanding and ad-
dressing interests which bothers on the scalability, latency, and
performance of data infrastructures (Douglas, 2012). The follow-
ing subsections describes Data Measurement, Structured vs Un-
structured Data, BD Characteristics and the growth of Demand
and Supply for Storage.

2.1 Data Measurement

The binary system is used to measure digital data and its basic unit
is bit (“b”), eight bits equals a byte(“B”). 1kb (kilobit) or 1kB (kil-
obyte) of digital data equals 2'° and equates to 1,024 bits or 1,024
bytes, respectively. The following table demonstrates the multi-
plying factor related to a binary system.
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Yot'abytes 1 septillion

Zattabytes 27 1 sextillion
_ Exabytes 280 1 quintillion
_ Petabytes bl 1 quadrillion
_ Terabytes 240 1 trillion
_ Gigabytes 230 1 billion
FICHS ST Vesoves 2% mien
_ kilobytes 210 1 thousand

Table 1: Prefixes used to measure digital data using the binary
system.

Since 2010, the “Zetta” prefix for digital data storage has been
attained with only the "Yotta," left (Lauro, 2016), maybe it is time
to add another prefix!

2.2 Structured vs unstructured data

Structured data is very organized and generally consist of tables
having rows and columns that defines them e.g. relational data-
bases.

Unstructured data is raw, disorganized and accounts for every-
thing else. Examples include all kinds of messages (Emails, text,
instant etc.), text files (.docx, .doc, PDF’s etc.), presentations, au-
dio files, video files, social media post etc. the following figures
describes the terms and their growth over the past decade.
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Figure 2 : Pictorial representation of Structured and Unstructured
data (Shearpa, 2017).
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Figure 3 : Growth of structured vs unstructured data over the past
decade shows that unstructured data accounts for more than 90%
of all data (Lauro, 2016).

2.3 Big Data Characteristics

(Hilbert, 2015) and (Grimes, 2016) defined BD using the follow-
ing characteristics (we call it the 5Vs):

Volume: The quantity of generated and stored data. The size of
the data determines the value and potential insight- and whether it
can actually be considered BD or not.

Variety: The type and nature of the data. This helps people who
analyze it to effectively use the resulting insight.

Velocity: In this context, the speed at which the data is generated
and processed to meet the demands and challenges that lie in the
path of growth and development.

Variability: Inconsistency of the data set can hamper processes to
handle and manage it.

Veracity: The quality of captured data can vary greatly, affecting
accurate analysis.

These characteristics are considered common issues caused by the
rapid growth of BD with respect to data generation, analysis and
management. They help discover new trends for BD research
which has also helped us channel our strength in coming up with
a useful framework for its adoption. They also help create pro-
spects for future research in the domain of BD.

2.4 Growth of Demand and Supply for Storage

The demand for storage has grown more than 50% annually in re-
cent years (James M.K, 2008), a rate faster than the ever-plunging
per-gigabyte prices (Harrel, 2015) and by 2020, demand for ca-
pacity will outstrip production by six zettabytes, or nearly double
the demand of 2013 alone (Lauro, 2016) The following chart de-

picts the rate of demand and supply for data storage:
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Figure 4: Storage demand and supply growth rate (Lauro, 2016)

3. Managing Big Data

Big data management is the organization, administration and gov-
ernance of large volumes of both structured and unstructured data.
The goal of BD management is to ensure a high level of data qual-
ity and accessibility for business intelligence and BD analytics ap-
plications (techtarget, 2013). Various sources of data hold them in
disordered/messy form and until recently, most companies could
not manage data using available tools within a reasonable time
frame. The use of BD technology reduces costs and helps to vali-
date the usefulness of BD to an organization before committing

scare resources. When properly managed, it becomes a source of
simple, dependable, secure, and manageable information and can
be applied in various complex scientific disciplines complex
fields including astrophysics, genomics, and biogeochemistry.

3.1 Data Storage and Management Tools

Modern computing technology provide tools and techniques for
effective management of high volume of data at low cost and
without sophisticated computers. These tools and techniques in-
clude Google BigTable, Simple DB, Not Only SQL (NoSQL),
Data Stream Management System (DSMS) etc. (Chen M, 2014).
The following describes an excellent data storage and manage-
ment tool which can be used for data extraction, storage, cleaning,
mining, visualizing, analyzing and integrating.

3.1.1 Hadoop

Hadoop is an open source, Java-based programming framework
that supports the processing and storage of extremely large data
sets in a distributed computing environment. It is part of the
Apache project sponsored by the Apache Software Foundation
(TechTarget, 2016). All the modules in Hadoop are designed with
a fundamental assumption that hardware failures are common oc-
currences and should be automatically handled by the framework
(Apache, 2016).

Hadoop first divides files into big blocks before distributing them
among nodes in a cluster. It then takes advantage of data locality
by transferring packaged code into nodes for parallel processing
of data (Analytics, 2017) since nodes can directly work on data
they have access to. With this, datasets are processed faster and
better than what is obtainable in conventional supercomputer ar-
chitecture which uses parallel file system which relies on high-
speed networking (Michael, 2014).

The principal part of Apache Hadoop consists of Hadoop Distrib-
uted File System (HDFS) for storage and MapReduce which
serves as the processing part are inspired by Google papers on
MapReduce and Google File System (EMC, 2014).

Hadoop refers not just to base modules and sub-modules (e.g. Ha-
doop Common, Hadoop Distributed File System (HDFS), Hadoop
YARN, Hadoop MapReduce) but also to the ecosystem (Yahoo!,
2012) or group of other software packages that can be installed
along with Hadoop, e.g. Apache (Pig, Hive, HBase, Phoe-
nix, Spark, ZooKeeper, Flume, Sqoop, Oozie, Storm) and
Cloudera Impala (Apache, 2016).
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Figure 5: Hadoop ecosystem (Huydam, 2017)

3.1.2 Drawbacks of Hadoop

The major drawbacks of Hadoop includes security concerns, vul-
nerability to nature, not fit for small data, potential stability issues
and other general limitations (Big Data Companies, 2012).

Other tools that can be considered are: cloudera, mongoDB,
Talend, Refine, Quantum, Refine, Trifacta etc.

3.2 Incorporation of Big Data Solutions in an Organization’s
IT Setting

Hortonworker, Shaun Connolly gave a good scenario of the appli-
cation (use cases) of BD solutions in Hortonworks industrial paper
detailing three main categories of Hadoop use cases. These use
cases can be generalized as types of BD solutions use cases, which
have to be implemented in a company’s current information man-
agement landscape (Connolly, 2011). They complement the tradi-
tional data systems in three possible ways:

i. Data refinery: This is the easiest infrastructural implementation
of a BD solution. The solution is useful in analyzing large quanti-
ties of data and loading the outputs into the required data systems
(to be able to access and use the extracted data with traditional
tools). The traditional infrastructure system does not require any
form of modification.

ii. Data exploration: data from a new BD solution is worked on
directly, without consulting the data warehouse. This however re-
quires good analytics application with BD analysis support.

iii. Application enrichment: a BD solution is used to directly in-
fluence an application’s performance and can be referred to as the
most recent/incorporated use. It is frequently used to customize
user’s experience in large web based companies and its implemen-
tation requires an organization’s familiarity with data exploration
and refinery.

4. Proposed framework for Big Data adoption and analytics
testing

Successful Big Data adoption involves the combination of data
with critical strategic planning and usually comes with, carry sub-
stantial consequences if it fails to meet up with expectations. This
research proposes an iterative approach to develop a framework
for BD adoption within an organization. The core components of
the framework are listed below:

1. Data sourcing

2. Analytics discovery

3. Tools, Infrastructure and Technology discovery

4. Prototyping

5. Execution

6. Refinement

Unlike other models, the proposed framework adds new stages to
the BD adoption process, i.e. prototypes and refinement stages.
Since most firms in developing countries like Nigeria are cynical
about BD solutions adoption, these stages will allow them try out
BD platforms from BD firms such as Microsoft (Azure) for some
months without an overwhelming contract for purchase. This al-
lows them execute their BD needs and check any advantage over
their current traditional analytics methods.
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4.1 Framework

Data Sourcing

Structured Data e.g. from database tables

presentations. audio/video files. emails etc.
| Analvtics Discovery
Data Correlation Algorithm Frequency

Unstructured Data e.g. text files,

Tools, Infrastructure and Technology discovery
‘ Planning

Interface
e.g. CLL GUI Capacity Discovery. Volume
Discovery, Virtualization vs

: Hardware discovery etc.
‘ Prototypes
Develop and test small scale prototypes
C Execution

Work on data using tools and infrastructures

Open Source/Proprietary
| e.2 Hadoop, Microsofi, cloudera

| Refinement

I
Resolve any problem encountered, Big Data Platform performance review

Figure 6: conceptual framework

4.1.1 Data Sourcing

Data sourcing, either by collection or generation is usually the first
phase of several data lifecycles and is the first step in any BD
adoption process. For data collection, special techniques may be
required to obtain raw data from certain environments while data
generation is carefully associated with the day-to-day living pat-
tern of people. Generally, data from the Internet may not have
desired values but can be accumulated over a period of time and
analyzed to get useful information such as user behaviors and hob-
bies which can be used to predict user behaviors. The CRM (Cus-
tomer Relationship Management System, ERP (Enterprise Re-
sources Planning) platform and OLTP (Online Transaction Pro-
cessing) systems are good sources of data.

Although, there is no globally recognized standard for storing raw
data, they are transformed from their raw state and kept in desired
form for easy processing.

4.1.2 Analytics Discovery

This stage deals with the following:

1. Produce a comprehensive analytics setting with special consid-
eration for critical business functions.

2. Affirm the different sources of data and the relationship be-
tween them.

3. Produce modifiable analytics model that supports an organiza-
tion’s goals and can easily accommodate additional data elements.
4.1.3 Tools, Infrastructure and Technology discovery

Choosing the correct combination of tools, infrastructure and
technology is crucial to a successful BD adoption for the follow-
ing reasons:

1. The need to handle identified data sets differently. This is re-
quired to remove any interference/noise and fit for processing by
the analytics engine.

2. The principal technology running BD analytics and other tools
are still changing.
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This stage is very important because it directly affects the budget
of an organization and the continuous evolution of technologies
and solutions makes it equally complex. It is therefore advisable
to use technology components and validate their business value in
parts. The server hardware, storage infrastructure and networking
setup are important infrastructure decisions to be taken.

4.1.4 Prototyping

The desired BD technologies are tested and developed into proto-
types. It also involves producing workflow for data manipulation,
negotiating and exchanging data with external.

4.1.5 Execution

The adoption process is a repetitive process in which each itera-
tion attends to a specific business area which later evolves into a
comprehensive platform that caters for the entire analytical need
of the organization.

The execution process adopted for the proposed framework is an
iterative process which includes Project Startup, Data Identifica-
tion, Solution Design, Development and Verification and fine tun-
ing respectively.

4.1.6 Refinement

This is the final stage of the proposed framework and involves
meeting up with quality assurance issues and data accuracy re-
quirements, ensuring the selected platform meet up with business
needs, solving problems encountered, making adequate recom-
mendation etc.

4.2 Analytics Testing
The following equations were used to test the proficiency of BD
Analytics (BDA) against Traditional Database Analytics (TDA):

BDA = Big Data Databases (MongoDB) + Unstructured Data -
Man Power
Equation 4.1 BDA components

TDA = Relational Database (Mysql) + Man Power
Equation 4.2 TA components
Tests were based on the following scenarios

i. Simple database query using only SELECT statements in Mysql
and its equivalent in MongoDB

ii. A complex query using INNER JOIN in SQL and

iii. A very complex query using 2 INNER JOINs with a subquery

From the scenarios stated, one can easily deduce that BDA guar-
antees better solution over TDA or even manpower. The main ad-
vantage of BDA is the ability to run real-time analytics when con-
figured properly, this makes it possible to perform real time data
analysis as data is received from several sources without depend-
ence on human intervention. This reduces cost and manpower re-
quired to run BDA solutions over TDA.

5. Big Data Opportunities and Challenges

Big Data adoption presents not just several attractive opportuni-
ties but also challenges (Xiao Z, 2013). The challenges cover how
data is captured, stored, shared, analyzed, visualized etc. and must
be controlled to maximize the inherent opportunities in BD.

5.1 Challenges

5.1.1. Data mining vs Information growth

The current data mining strength cannot handle the growth of in-
formation. For example, the exploration of BD has been limited
by computer architecture design over some years now i.e. the ar-
chitectures are CPU-heavy and I/O-poor (Hey T, 2009). Accord-
ing to Moore’s law, the performance of CPU and disk drives dou-
bles every one and half years (18 months) (Kim NS, 2003), but
the improvement has not been proportional to the rotational speed
of disks over the last decade. This causes an exponential increase
in sequential 1/0 speed whereas random 1/O speed has only in-
creased relatively.

5.1.2. Information growth vs Information processing

As earlier discussed, information grows at an exponential rate
whereas, the methods and tools available for information pro-
cessing are being refined to meet up with challenges at very slow
pace. There are very few tools available to conveniently handle
BD analysis and the modern techniques available in many BD
platforms cannot effectively address the challenges of data cap-
ture, storage, analysis etc. For example, Matlab and SAS can only
be used for small to medium scale data analysis; Hadoop is vul-
nerable to nature, not fit for small scale data processing and does
not possess query processing strategies. Others have one limita-
tion or the other, so it is safe to admit that there are not yet suitable
tools to adequately explore BD.

5.1.3. Data inconsistency, Scalability and Security

The unpredictable nature of data in terms of inconsistency, scala-
bility, incompleteness etc. are challenges to BD analysis
(Labrinidis A, 2012). Since dataset are very large and obtained
from heterogeneous sources in structured and unstructured form,
it makes them vulnerable to inconsistency, scalability issues and
security. They must be well constructed before analysis and
knowing the method to use for construction is a major challenge
which is required to ensure data quality and get desired result.
Several preprocessing techniques must be applied to address these
challenges. Consequently, it is imperative for researchers to ad-
dress the lingering problems that as to do with data privacy as each
stage of preprocessing is faced with its own challenges. A major
challenge is deciding the appropriate encryption algorithm to en-
crypt large volume of data without compromising the computa-
tional power, speed and versatility.

5.1.4. Data Privacy

This is a major concern because some organizations illegally use
data sourced from individuals for their personal benefit. Policies
to safeguard user privacy should be put in place and audit trail
must be encouraged to identify violators and apply appropriate
sanctions.

5.2. Opportunities
Some of the prospects for BD adoption are presented below:

5.2.1. Big Data in Government

Embracing BD adoption in government processes ensure re-
sourcefulness in terms of cost, productivity and novelty
(Computerworld, 2012).

The USA for example keyed into this initiative when the Obama
administration announced its BD Research and development ini-
tiative in 2012. This was targeted at knowing how BD could be
used to address challenges faced by the government (Kalil. T,
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2012). The initiative which indeed, helped the government con-
sists of eighty-four programs distributed among six departments
(Whitehouse, 2012).

BD also played a significant role in the successful re-election of
President Barack Obama back to the white house in 2012
(Lampitt, 2013) and also in 2014, it helped the Bharatiya Janata
Party (BJP) succeed in the Indian General Election (Livemint,
2014).

5.2.2. Global Development

A research conducted in 2012 by the United Nations Global Pulse
on the use of information and communication technologies for de-
velopment (ICT4D) highlighted the opportunities of utilizing new
digital data sources in the field of international development
(Global, 2012) and also converting large volume of data into de-
pendable information useful in identifying and meeting the needs
of low-income populations (wef, 2012).

BD analysis provides cheaper means for making important deci-
sions in security and privacy, job creation, crime, infrastructural
development, transparency and efficiency in operation and re-
source management (Hilbert. M, 2013), (Kvochko. E, 2012),
(Medri, 2012). Data generated by users provide new opportunities
to make their voice heard (Tobias. K, 2017).

5.2.3. Other Areas
This include opportunities in manufacturing, healthcare, educa-
tion, media (e.g. Internet of Things), InfoTech etc.

With the widespread availability of several run-of-the-mill BD
platforms, it is highly recommended that BD solutions be devel-
oped internally by companies or organizations to have a custom-
tailored solution that can meet the needs of the company
(Gershkoff, 2014).

6. Conclusion and further research

We have made an in depth discussion on the basic theories of
Data/BD and successfully developed a conceptual framework by
pinpointing six components for its adoption by any organization
interested in implementing its solutions. Adopting BD solutions is
a comprehensive process involving all the components identified,
with each component carried out repeatedly over a period of time
in order to weigh their expected business benefits against earlier
assumptions as well as its feasibility in wider business strategic
objectives. To help establish the required and robust BD solution
that aids tactical decision-making process, the components iden-
tified should be carried out on a continuous basis.

BD is still at its infancy stage and thus presents several opportu-
nities, profits, challenges and has developed such that it cannot be
utilized without necessary inputs. Additional research is thus re-
quired to tackle these concerns and improve how BD is analyzed,
displayed and stored. To support such research, human/financial
resources, ground-breaking ideas etc. are required.
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