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Abstract - Big Data was identified as the biggest innovation of computing technology in 2010‗s (Bryant, Katz and 
Lazowska, 2008). Institutions in several industries have embarked on a journey to utilize and gain from the use of Big Data. 
This paper will provide with an overview on the founding principles of Big Data, namely Volume, Velocity and Variety. In 
addition to the terms definition and associated technologies, related publications will be presented in providing with an 
evolutionary review of Big Data. Publications on each V are analysed with regards to quantity and quality, in identifying the 
degree of research performed. Variety which is ―the ugly duckling‖ of Big Data (Lennard, 2014) is further correlated to 
Data Heterogeneity in an attempt to learn from past experience, since Data Heterogeneity is being tacked for decades now 

(Luo et al., 2008). Having established an understanding of Big Data, analysed the V‗s in terms of definition and challenges 
and correlated the most challenging V (Variety) with another interrelated and actively researched for several decades topic 
(Data Heterogeneity), this paper serves as the basis to further research towards a solution to these challenges. 
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I. INTRODUCTION 

 

Since 2010 data creation and subsequently storage 
and processing have been growing with exponential 

rates(Bedi, Jindal, & Gautam, 2014; Kalambe, 

Pratiba, & Shah, 2015; Krawczyk, Stefanowski, & 

Wozniak, 2015; L. Zhang, 2014).  In fact, in 2010 the 

word produced more than 1ZB of data (Villars, 

Olofson, & Eastwood, 2011).  EMCwith research and 

analysis by IDC, claim in their 2014 report that the 

digital universe, which much like the physical 

universe is vast and in which bits are as many as the 

stars, is growing with a yearly rate of 40% expecting 

to reach 44 zettabytes (44 trillion gigabytes) by 
2020(B. J. Gantz, Reinsel, & Shadows, 2012; J. 

Gantz & Reinsel, 2013; Sivarajah, Kamal, Irani, & 

Weerakkody, 2017).  This explosion of data led to the 

development of new technologies and concepts 

summarized under the term ―Big Data‖ that came 

from large enterprises like Yahoo, Google, Facebook, 

LinkedIn Etc. in their attempt to analyseexcessive 

amounts of data (Devakunchari, 2014). 

 

The first definition of the term, although at the time 

named ―3D Data Management‖, was provided by 

Doug Laney. In his definition, Laney identified 3 
integral parts, namely Volume, Velocity and Variety 

(Laney, 2001).  Technology advancements have 

addressed mostly the first two attributes – volume and 

velocity (Kumar, 2013).  Distributed computing and 

cost reductions in storage aid companies in attaining 

the ability to cope with large data sets, but the diverse 

types of data is the biggest challenge for data 

scientists (McElhenny, 2014).Variety is the different 

manifestation by which data are added to the digital 

universe. Indicative examples would include devices 
(IoT) that share the same information in different 

formats (JSON, XML, fixed-length etc.), 

comprehensive data sets that will include data sources 

extending to unstructured or semi-structured data like 

video, email, pictures etc. 

 

Mastering data Variety rather than just coping with 

volume will be the main focus in attaining valuable 

insight through Bid Data initiatives (Baker, 2015).  

Data analysts spend most of their time in preparing 

data instead of actually mining them for the business 
incentive(Fayyad & Uturusamy, 2002; Warden, 

2011).  Volume and analytics are addressed in several 

pieces of research and implementation projects 

nonetheless little effort has been attributed in making 

the data available for analysis(Mao et al., 2015) and 

the task remains a time-consuming and labour-

intensive one (Assunção, Calheiros, Bianchi, Netto, 

& Buyya, 2014).  Data analysts are assisted in mining 

data with resources concerning distributed storage 

and parallel processing but they are left ―on their 

own‖ when it comes to populating the data repository 

thus making data Variety increasingly daunting and 
costly to wrestle (Baker, 2015). 

 

In a Paradigm, 4 corporation‘ssurvey entitled 

―Leaving Data on the Table: New Survey Shows 

Variety, Not Volume, is the Bigger Challenge of 

Analysing Big Data‖ 91% of the respondents are 

either managing or plan to kick off a major data 

initiative and 71% highlighted Variety being more of 

a problem than Volume (Brown, 2014).  It is not 

simply an academic research area but an actual 

drawback in business acceptance.  Big Data cannot 
contribute to benefit realization unless Variety is 
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tackled upon and this is identified not only by 

scholars but from business IT experts as well(Brown, 
2014; Kumar, 2014; Shacklett, 2014). 

There are no technological tools in addressing the 

issue of Variety, including the proliferation of data 

from many sources, internal and external, public and 

private and in numerous formats (Kimura, 2014).  

Research is limited and actual implementations are 

scarce in respect to software solutions with automated 

procedures for analysis and documentation that will 

minimize the effect of Variety. Unless data 

scientistsskills, in particular, analytical and synthesis 

skills, are detached from efforts in normalizing data, 

business acceptance of Big Datawill remain low and 
theirfull potential will not be realized (Kumar, 2013). 

Further evidence to the lack of the appropriate 

technology for coping with Variety is found in 

Gartner‘s survey, ―Big Data Drivers Rapid 

Challenges in Infrastructure and $232 Billion in IT 

Spending Through 2016‖, stating that spending on 

services outweighs spending on software by a ratio 

nine to one, with a projection that services will reach 

$40 billion by 2016 (Kumar, 2013).  The costs in 

services not only denote that tools are not available 

but also that specialists are also scarce and thus well 
paid.  To that respect, it is difficult for individual 

companies to have such experts in-house due to high 

costs.  Consultants will also impose high cost into 

any Big Data initiative. It seems that, at the moment, 

unless there are certain innovations in the ―battle with 

Variety‖ companies are expected to invest heavily, 

internally by employing data analysts or externally by 

hiring consultants.  These costs can diminish the 

expected net gain from any Big Data initiate thus 

making Variety an important cost factor as long as it 

remains ―tied‖ with people skills.  Once the tacit 

knowledge of consultants is recorded and depicted in 
a methodology alongside with software 

implementation,in the form of a tool, it could lower 

costs thus making Big Datamore attractive for 

implementation. 

 

II. BIG DATA DEFINITION &TECHNOLOGY 

 

2.1. An attempt to define Big Data 

It has become a trend, based on Laney‘s first 

definition, to define Big Data in term of V‘s.  The 

initial approaches identified 3 V‘s by which 

characterised the term: 

 Volume: Refers to the amount of data being 
created and stored (M. A. U. D. Khan, Uddin, & 

Gupta, 2014) in the digital universe. 

 Velocity: Refers to the speed by which data 

changes which is relatively high in most cases. 

 Variety: This characteristic has to do with the 

data itself and the flavours it can pertain.  

Sensors, IoT, database records, text, video,and 

audio have different formats and standards, let 

alone the fact that in many cases alternative 

communication protocols must be used to 

disseminate the data streams. 

 Early approaches were mostly technical – 

technology-oriented but as the concept gained 

business acceptance, amendments were made to 

the V‘s theory. Currently, theVs with business 

essence,are identified as follows: 

 Veracity: identifying the lack of the required data 

governance and homogeneity. 

 Validity: validity is concerned with correctness 

and accuracy of data(M. A. U. D. Khan et al., 

2014). 

 Volatility: The fact that storage resources, even 
with the use of clouds, are finite. 

 Value: Business is concerned with income and 

realization of competitive advantages thus 

bringing business value to the organization 

through the use of Big Data techniques and 

technologies and poses an important challenge 

 

These business concept extensions were incorporated 

in V‘s theory to extend the technocratic viewport into 

a more business-related perception.  It is easier for 

corporate managers to understand terms like value 

and governance rather than velocity.  In this way, 
business acceptance could be attained since the seer 

technical innovation would have no appeal for 

business implementation. 

 

The Big Data ecosystem is identified and several 

projects have been introduced in an attempt to bring 

the value of analytics one step further from the 

analysis of historical data -existing in data 

warehouses(Jain & Gosain, 2012)-to the real-time 

predictive analytics towards ―future prediction‖ 

(Kakish & Kraft, 2012).  The definition and the 
technology are progressing, considerable research is 

done in the field, nonetheless, most effort is spent on 

Volume and Velocity and is little work done in 

respect to Variety(Mao et al., 2015). 

 

In the business world along with the IT ecosystem, 

there are several definitions for Big Data.  The very 

first was by Laney in 2001 saying: ―3D Data 

Management: Controlling Data Volume, Velocity, 

and Variety. Current business conditions and 

mediums are pushing traditional data management 

principles to their limits, giving rise to novel, more 
formalized approaches.‖ (Laney, 2001) 

 

This definition is primarily interested in the 

limitations posed by the IT infrastructure back in 

2001. At that time storage was expensive and parallel 

processing could be achieved with proprietary 

hardware at quite high costs.  But technology 

advances and solutions for cheap storage and parallel 

computing on commodity hardware has started to 

become a realization.  In adapting to this new 

evolvement, a new definition for Big Data addressing 
these capabilities was made available: 
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―Big Data should be defined at any point in time as 
―data whose size forces us to look beyond the tried-

and-true methods that are prevalent at that time.‖ … 

Nowadays, it may mean data that is too large to be 

placed in a relational database and analyzed with the 

help of a desktop statistics/visualization package—

data, perhaps, whose analysis requires massively 

parallel software running on tens, hundreds, or even 

thousands of servers.‖ (Jacobs, 2009) 

 

Once the web came into everyone‘s life, the term 

gained another definition incorporating the power of 

social networks, geotagging, IoTs Etc.: ―Big Data - 
extremely large sets of data related to consumer 

behaviour, social network posts, geotagging, sensor 

outputs, and more.‖ (Johnson, 2012) 

 

Nonetheless, Big Data business value starts to dawn 

and another definition comes into existence 

incorporating the business flavour in it: 

 

―The concept of ―Big Data‖ burst onto the technology 

and business scene in 2010, and since then has 

excited many executives with its potential to 
transform businesses and organizations. The concept 

refers to data that is either too voluminous, too 

unstructured, or from too many diverse sources to be 

managed and analyzed through traditional means.‖ 

(Davenport, 2012) 

 

As the first ―clouds‖ in Big Data become apparent, it 

is not as easy as it was thought to implement such 

environments and thus a new definition gains 

acceptance.  It introduces both the power and the 

challenge of Big Data initiatives.―Big Data means 

data that cannot be handled and processed in a 
straightforward manner.‖ (Fisher, DeLine, 

Czerwinski, & Drucker, 2012) 

 

Implementations have realized little success and yet 

another definition comes to identify this trend.  Big 

Data is no more simply a technological effect it 

―touching ground‖ with the society – real 

people‘slives. 

 

―We define Big Data as a cultural, technological, and 

scholarly phenomenonthat rests on the interplay of: 

 

(1) Technology: maximizing computation 
power and algorithmic accuracy to gather, analyse, 

link, and compare large data sets. 

(2) Analysis: drawing on large data sets to 

identify patterns in order to make economic, social, 

technical, and legal claims. 

(3) Mythology: the widespread belief that large 

data sets offer a higher form of intelligence and 

knowledge that can generate insights that were 

previously impossible, with the aura of truth, 

objectivity, and accuracy.‖ (Boyd & Crawford, 2012) 

 

Cell phones and mobile technologies have become 
apparent and theirapplications tend to create vast 

amounts of data.  To that end, the definition of Big 

Data is further changed in attaining the newly 

emerging technology. 

―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: 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. 

This data is Big Data.‖ (IBM, 2015) 
 

2.2. A Glimpse in the Technological Infrastructure 

Having ―defined‖ the term Big Data, the respective 

technologies utilized within the ecosystem will be 

described.  The technology employed is primarily 

targeted towards ―cheaper‖, ―bigger‖ and ―faster‖ - 

leaving a technological void in respect to Variety.  In 

the following paragraphs a none-exhaustive 

enumeration of the existing technologies targeting the 

―main 3 V‘s‖ will be presented. Throughthis short 

presentation, it can be observed, that although 
addressed to some extent, Variety is the last and 

probably least addressed V. 

 

Towards Volume and Velocity, the processing power 

of the underlying infrastructure had to be fortified. To 

this end, and in an attempt to minimize investment, 

the need to harness the power of parallel computing 

by utilizing commodity servers became a necessity.  

In attaining this goal and successfully distribute data 

and processing several Distributed File Systems 

(DFS) where implemented.  Towardsthis initiative by 

large organizations, like Google, Amazon Etc., 
Variety is ―absent‖.  What is of importance is to 

attain power, in terms of processing power and disk 

storage space at the minimal cost. 

 

Once the infrastructure to utilize parallel processing 

became available, Data Stores that harvested this new 

technology came into existence.  The NoSQL Data 

Stores apart of utilizing the infrastructure in respect to 

Volume and Velocity, through distributed computing 

and high optimization in append operations (Berg, 

Seymour, & Goel, 2007), also ―touch base‖ with 
Variety.  These stores have loosely defined fields 

versus tables and fields of the RDBMS in an attempt 

to accommodate the diverse data types. To that 

extent, they can cater for the storage of semi-

structured or unstructured data.  Variety nonetheless 

is not simply a storage problem, it has to do with 

quality, proliferation, data outliers, context, 

coherence, interactivity and much more not addressed 

by the Data Stores infrastructure. 

 

Techniques like Sharding and Map Reduce are 

utilized in Big Data environments, again in an 
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attempt to utilize parallel processing for speed and 

distribution of data across nodes. In addition to that, 
most popular implementations of Big Data 

framework and programming environments provide 

no off-the-shelf products/tools for Variety. 

 

III. THE V’S, WHERE DO WE STAND? 

 

―Big Data is here to stay‖ (Constantine, 2014; 

Gregory, 2013; Newell & Marabelli, 2015).  

Academia and business are embarking on a voyage in 

breaking the frontiers of data processing.  The path is 

paved with failure and lost opportunities, only 67% of 

companies,actually gain a competitive advantage 

(Gregory, 2013).  Simply investing does not 

guarantee success (Gupta, 2014) but out of 720 firms 
Gartner identified 64% to have already invested in 

Big Data and an MIT study on the ―Fortune 500 

companies‖ showed that 85% have launched, or have 

planned for, a Big Data initiative (Gregory, 2013). 

Therefore, it can be safely stated that Big Data will 

play a significant role in the future of Business. 

 

At the moment, the main focus of evolvement is 

placed upon technological advancements to address 

basic needs of storage and computing power.  This 

trend is closely related with TCO per terabyte (TB) 
which for RDBMS‘s ranges from $20,000 to 

$100,000 whilst for Big Data infrastructures like 

Hadoop it ranges from $333 to $1,000 (Hogan, 2015).  

The technology is becoming, by-the-day, more stable 

and trustworthy.  Business implementations evolve 

from proofs-of-concept to actual production tools.  

The infrastructure is becoming available and the 

tools, hiding the underlying complexity, are available 

for none-IT experts to handle such frameworks. 

Standardisation and rigid structure of RDBMS 

environments have disguised Variety but the whole 

new aspect of flexibility and openness of the Big 
Data ecosystem has revived it. There is a need to 

address the essence of Variety and identify 

techniques and processes to offload the burden es 

posed on data scientist 

 

3.1. Review Methodology 

A thorough analysis of an understanding of the Big 

Data environment is required to be able to identify 

the current state of the art.  The methodology used 

was an iterative task in which the following three 

steps were applied: 

 Planning 

 Execution 

 Documentation 

 

In planning the review certain areas of Big Data were 

selected in an attempt to have a holistic understanding 

of the ecosystem in regards to business context.  

Apart from the technological aspects, the following 

areas were also researched: 

 Corporate and Business Sector Analysis 

concerning Big Data adoption and prospect. 

 Social paradigm and dilemmas introduced by Big 

Data. 

 Legal challenges in utilizing Big Data. 

 Ethical concepts that might slow down the 

adoption process. 

 RDBMS and related tools were also investigated 

in identifying the adoption process and make 

parallelism. 

 Metadata standards and technologies were 

investigated in trying to understand and identify 

possible usage in the Big Data ecosystem. 
 

In executing the review, several databases were 

utilized in identifying documents and papers.  The 

search engines of the respective databases were 

utilized and in addition to that, a freeware was used in 

classifying, storing and referencing the selected 

documents.  The databases utilized were Elsevier, 

Springer, IEEE, ScienceDirect and Google Scholar.  

Search words were primarily used whilst in many 

cases, phrases and logical sentences were employed 

in filtering out none related references.  For instance, 

Volume AND ―Big Data‖ AND ―technological 
advancements‖. Multiple such combinations were 

used to provide solid coverage of the subject in 

search. The results were screened initially based on 

the relevance of the snippet provided by the search 

engine. A second screening was performed by 

reviewing the abstract, introduction and conclusion of 

the resources.  Once the resource was selected it was 

classified on a general Big Data folder or in a fine-

grained related area, as above mentioned. Selected 

documents were read and in case the information was 

proven to be unrelated they were disqualified (deleted 
from the private library).  Due to the plethora of 

references (more than 350,000) concerning Big Data 

andafter applying the aforementioned criteria only the 

selected referenced, see Table 1, were considered in 

this paper.  The classification is based on the 

aforementioned areas and in certain cases, there is a 

duplication of the resources since it pertains to more 

than one areas. 

 

Subject 
Number of 

Resources 

Business / Corporate 37 

RDBMS 40 

Legal, Social, Ethical 23 

Metadata 56 

Volume 23 

Velocity 14 

Variety 13 

Full Library (subject 

independent) 
600 

Table 1. References Searched 
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The respective review of the literature was done more 

than 3 times in an attempt to incorporate new 
references released. The last iteration was 

concentrated in references released in 2017 and 1st 

Quarter of 2018 and resulted in the addition of 32 

new documents. 

 

Since it was identified that in all 10 references related 

to Variety were a confirmation of the challenge rather 

than implemented solutions it was decided to 

continue with a new review of references using 

related terms like ―Heterogeneous Data‖.  From the 

result set, 170 were identified as relevant which were 

reviewed.Finally, 12 were utilized for this paper.  
Since most of the searched and reviewed documents 

were primarily related to specific case studies on 

datasets pertaining to Biology (proteins), Genetics 

(Gene sequences), Medical (Cancer & C-Scan 

Recognition), Disaster (floods, droughts, 

earthquakes), it was decided to limit the search by 

applying further filtering terms including ―RDBMS‖, 

―Big Data‖ and ―Database‖.  From the new pool size 

of references, 100 were reviewed but only 2 were 

utilized for this paper since most of the references 

were focusing on storage implications, NoSQL 
Databases, filtering and contrasting rather than the 

actual integration and unification. 

 

The documentation phase resulted in a review that 

covers all the essential aspects previously mentioned 

and verified the existence of the Variety barrier.  The 

presentation approach selected was a hybrid in which 

the references are presented concerning their context 

– subject area whilst a chronological order is also 

maintained. 

 

3.2. Big Data Evolution and other Disciplines 

Impact 

Doug Laney with his analysis, ―3D Data 

management‖, in 2001 is considered the ―Father‖ of 

Big Data(Laney, 2001).  He is the first to identify and 

describe the basic V‘s that would become the 

cornerstone of the Big Data ecosystem.  In his 

document, he is identifying the need for harnessing 

information from several sources, across different 

applications, structures and formats. In addition to 

that, the timeline element is introduced by identifying 

current and historical data needs.  In his analysis, at 
that time, e-commerce was the source of the 

explosion of data in relation to three dimensions, 

Volume, Velocity and Variety.  Since then these 3V‘s 

have become the defining dimensions of Big Data. 

 

The IT and business landscape has evolved since 

2001 and concepts like social networks, personalised 

marketing, omnichannel IoT have come into 

existence and further attributed to the exponential 

data growth (Krawczyk et al., 2015; L. Zhang, 2014) 

in all three dimensions.  In addition to that, Big Data 

theory has also evolved and further V‘s were 

identified.  By 2014 V‘s have increased to 7 

expanding to Veracity, Validity, Volatility and Value.  
In Khan‘s conference paper ―Seven V‘s of Big Data‖, 

a comprehensive analysis and discussion on the7 V‘s 

is conducted(M. A. U. D. Khan et al., 2014).  

Reference to the www, smartphones, corporate 

relational databases and social media are used in 

identifying, correlating and understanding the V‘s.  In 

his paper, the reference to the most common RDBMS 

commercial systems (Microsoft SQL Server and 

Oracle) is of distinct importance since it identifies 

that these systems are incapable of catering of the Big 

Data ecosystem. 

 
In 2012 Boyd & Crawford in their publication 

―Critical Questions for Big Data‖, Big Data is 

identified as a cultural phenomenon addressing the 

socio-ethical aspect of the ecosystem(Boyd & 

Crawford, 2012).  In their work emphasis is given on 

the correlation between Big Data and the traditional 

way research is performed.  As they denote ―Big Data 

stakes out new terrains of objects, methods of 

knowing, and definitions of social life‖ since they 

argue that the way data is analysed in essence shape 

the result, just like accounting it is not only recording 
financial measures but also shapes them.  Bollier in 

his work ―The promise and peril of Big Data‖ 

published in 2010, also begins his analysis based on 

the scientific substance of Big Data by elaborating on 

Chris Anderson statement ―the data deluge moults the 

scientific method obsolete‖(Bollier, 2010).  The 

criticism identified and discussed is mostly concerned 

with the use of data through a correlation 

methodology in corroborating evidence towards a 

self-fulfilling prophecy.  The importance of this 

publication is that it is concerned with personal 

freedom and civil liberties that can be breached with 
the use of Big Data.  Boiller is taking one step further 

the Big Data human labelling paradox discussed in 

Zaslow‘s article, ―If TiVo Thinks You Are Gay, 

Here's How to Set It Straight‖ in The Wall Street 

Journal in 2002(Zaslow, 2002).  The latest addition in 

2017, by Gordo, is the inequality of data contribution 

based on the ethical aspect(Gordo, 2017).  It is argued 

that there is injustice and prejudice in Big Data since 

many countries, especially the so-called 

―Developing‖, have limited access to the internet.  

Legal aspects came into the picture a little after since 
there has to be adopted before there is any legal 

dispute.  Thus, we can identify that although scholars 

are working in socio-ethical aspects of Big Data since 

2002 we seem to identify major legal concerns after 

2014.  In Richard Kemp‘s article, ―Legal aspects of 

managing Big Data‖ published in 2014 in Elsevier, a 

6 level data stack is introduced to ―regularise‖ 

intellectual property rights, contract and regulation in 

the Big Data context(Kemp, 2014).  His work is 

comprehensive toward the identification of a legal 

framework and can be adopted by most business 

entities.  The pillar of governance is identified and 
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elaborated on, in providing a stepwise approach 

towards implementation.  What is not identified or 
measured is the cost of compliance, monetary or time, 

associated with governance.  These costs could render 

the aforementioned implementation unsustainable for 

many organizations, especially the one with smaller 

size.  One of the latest developments in the legal area, 

April 2018, was the formation of the Social Media 

Working Group by the European Union to investigate 

any private data harvesting from Social Media 

(Fioretti, 2018). This act is following the Cambridge 

Analytica scandal in which tens of millions of 

Facebook users‘ private data were found in the 

possession of the political constancy agency without 
users consent (Kleinman, 2018). 

 

3.3. Current State 

In the sections to follow we are going to present the 

advancements and current state in academia 

concerning Big Data V‘s subject areas.  It is of 

importance though, to compareacademic research 

with actual production implementations in the market 

and business world.  In this way, not only the theory 

but also the implementation and value of the solutions 

can be identified. 
 

In order to understand the Variety challenge, the 

basic V‘s will be presented based on their 

―representation‖ in literature.  Volume, Velocity and 

Variety are always identified in documents covering 

Big Data, thus it is of no surprise that the terms can 

be identified, though a search mechanism, in all 600 

documents present in the project library.  The context 

and extent to which they are investigated though vary 

and for that, it is important to actually go into the 

documents themselves. 

 

Volume 
Volume has been a field of research for IT.The most 

important companies were a) Teradata established in 

1979 and b) Netezza founded in 1999 which was 

acquired by IBM in2010.  These companies were 

responsible to provide with the first proprietary 

distributed storage and computing power systems.  

Their architecture mainly consisted of coupling disks 

with CPU‘s in managing to segment and process hi 

volumes of data with better performance than 

conventional? RDBMS‘s (e.g. Oracle, SQL Server 
etc).  The problem nevertheless was not fully 

addressed since data kept growing and the proprietary 

technology was expensive.  Alternatives were sought 

and identified.  It is not a coincidence that pioneers in 

this implementation were ―web-tycoons‖ like Google, 

Amazon and Apache.  The sheer Volume existing in 

thewww enforces these companies to invest and 

identify solutions for scalability.  Once the solution 

was identified by the respective companies, it was a 

matter of time before they would market their new 

product so that apart of solving their Volume problem 

they offered this capability to the world. 

 

The technique commonly used by organizations such 
as Google, Amazon, LinkedIn, Facebook, Twitter 

etc.(Padhy, Patra, & Satapathy, 2011), to address 

Volume challengeswas based on the early work of 

proprietary systems but the concept is very old.  The 

ancient Greek politics & military technique 

formulated by Philip of Macedonia father of 

Alexander the Great, utilized also by Cesar and 

Napoleon, of ―ΔιαίρεικαιΒασίλευε‖/―Divide and 

Rule/Conquer‖, was employed and became the core 

concept in taming Volume.  Parallel computing along 

with Distributed File Systems, were researched and 

evolved into viable production solutions(Jayakumar, 
Singh, Patil, & Joshi, 2015). 

 

Hadoop, which in many cases is utilized as a 

synonym to Big Data, is one of the new 

implementations that introduce a distributed file 

system and parallel processing capabilities.  

Sivaraman and Manickachezian in their 2014 

conference paper ―High Performance and Fault-

Tolerant Distributed File System for Big Data 

Storage and Processing using Hadoop‖ identify 

MapReduce and HDFS implementation in Hadoop 
ecosystem as a fast-growing ecosystem gaining wide 

acceptance(Sivaraman & Manickachezian, 2014).  

Nevertheless, as indicated by Gartner, Big Data 

innovation was not assimilated by the business world.  

Gartner Hype Cycles for Emerging Technologies for 

2012 and 2013 identified that the prediction of Big 

Data adoption had changed from 2-5 years into 5-10 

years, indicating that there will be a delay since the 

respective ―new invention or innovation‖ is not 

mature enough for business adoption. 

 

Although Sivaraman‘s and Manickachezian‘s paper is 
very detailed, providing with technical details along 

with real-life business implementation it does not 

contain any financial data.  As a result, it is very 

difficult to evaluate the solution proposed in the paper 

in terms of value brought into the business by the 

implementation of such systems. 

 

In trying to address the cost of processing power and 

storage, several solutions were identified and the first 

was to move away from proprietary hardware to 

―vanilla machines‖.  In this way, the cost for the 
technology stack in respect to hardware was 

substantially lowered by utilizing PC‘s / servers that 

could be bought of the self at low consumer prices.  

The next step identified and implemented was to 

utilize the ―Cloud‖.  In this case, the Total Cost of 

Ownership(TCO) was even lowered since the 

resources were utilized upon need without having to 

invest on a permanent basis.  The cost-benefit 

analysis in most of the case proves that hosting an 

environment in the cloud would minimizeCapital 

Expenditure(CAPEX) whilst Operating 

Expenses(OPEX) will be similar to on-premises 
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implementations (Fujitsu, 2014).  Researchers like 

Zhang (X. Zhang, Gaddam, & Chronopoulos, 2016), 
Kaur (Kaur & Sood, 2017) have worked on the 

efficiency and benchmarking Big Data cloud 

solutions. 

 

With the aforementioned innovative implementation 

business adoption started, efficiency in terms of 

performance and cost is a good combination in 

implementing a solution.  But many businesses, 

especially the ones that are highly regulated, e.g. 

Banking, Finance, Medical sectors, had to cater to 

governance and security. Sakharkar(Sakharkar, Jeeri 

Dande, & Mate, 2017), is proposing the combination 
of private and public clouds in addressing security but 

most importantly the use of cloud andSoftware as a 

Service(SaaS)for medium or small enterprises in 

harnessing the power of Big Data with affordable 

investment.  In Sakharkar‘spaper, a value proposition 

is available in affordably minimizing security risk but 

actual CAPEX, OPEX or Return on Investment(ROI) 

are not identified and discussed.  Further research 

reveals that security is gaining the attention of 

researchers since it is a business challenge that has to 

be addressed.  Based on this trend, Elsevier in 2017, 
has attributed a special issue of Digital 

Communications and Networks journal in realizing 

and exploiting ―big data security and privacy‖ (Yu, 

Muller, & Zomaya, 2017) while Hadeer, Hagazy and 

Khafagy in their paper (Mahmoud, Hegazy, & 

Khafagy, 2018) try to address the security of Hadoop 

implementations by incorporating encryption 

techniques in the MapReduce framework.  In line 

with this requirementfor governance and enhanced 

security ―Corporate Flavoured‖ Hadoop 

implementations have been marketed.  Such 

implementations that have gained acceptance are 
Cloudera (Gartner, 2018), Hortonworks, Confluent 

and Waterline(Brust, 2018).  It is also important to 

mention here that large IT technology providers like 

Microsoft, Oracle, SAP have also embraced Hadoop 

technologies and have their products integrated to it.  

Traditional pioneers in the appliance data space like 

Teradata and Netezza also have adopted Hadoop 

technologies namely Hortonworks and Cloudera 

respectively. 

 

Researches have further investigated Volume by 
elaborating on a scale (Cheriere & Antoniu, 2017), 

flexibility (Segura et al., 2015),in-memory 

optimization (Li, Yan, Mo, Wen, & Wu, 2017), a 

large number of small files (T. Wang et al., 2015), 

high performance (Schmidt & Hildebrandt, 2017) and 

other technical subjects about performance, reliability 

and cost.  Based on it, technical and the well-

manifested nature of Volume is constantly being 

researchedtowards identifying new techniques and 

mechanisms for further enhancement.  A paper that 

stands out from such technological content researches 

is introduced by Siddiqa, Karim and Gani were based 

on their technological survey on storage technologies 

they identified that there is an analogy to RDBMS 
and have also presented a SWOT analysis.  The paper 

is further focussing on Big Data taxonomy by 

identifying all available technologies and the 

consistency (Brewer‘s / CAP) theorem.  The 

following graph, Error! Reference source not 

found., is devised based on the presented taxonomy 

which clearly shows the ―increasing engagement‖ of 

research in Volume. 

 

 
 

Based on the respective papers it is evident that not 

only in academia as well as in the IT companies, 

Volume is researched and many implementations 

have ―seen the light‖ in addressing the challenges. 

 

Velocity 
It is important to understand that all three V‘s are 

interrelated and affect each other.  Based on the 

―Integrated view of Big Data‖ provided by Lee (Lee, 

2017) each V will, in essence, intensify the other Vs 

as shown inError! Reference source not 

found..Consequently, it is understandable that the 

volume added will result in the expansion of 

Velocity. 

 

Velocity is the speed of change and represents the 
requirement of real-time processing.  ―Speed‖, ―real-

time‖ and―infrastructure bottlenecks‖ are some to the 

terms used to describe the challenges posed by 

Velocity.  In essence, what Velocity is all about is 

performance.  The Volume challenge and its 

proposed implementations are not efficient enough to 

cater for the processing of the data before they 

become outdated. 
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In understanding the challenge, the geofencing 

paradigm utilized by financial institutions as Big Data 

implementations will be described.  A credit card 

transaction is happening; this is captured by the 

switching system of the organization and forwarded 

to the real-time decision engine to provide the 

customer with a personalized marketing message, 
offering another purchase/offer to a close-by shop.  

The decision has to be done in seconds for the 

customer to be presented with the message whilst the 

full transactional behaviour and ―customer position‖ 

with the institution must be analyzed in identifying 

trends and offering the most intriguing sale 

proposition.  Once the customer has left the location, 

this information would be irrelevant, and the 

marketing lead will be rendered useless.  Similarly, in 

case of web search or online purchases, the lead will 

be short-lived before the customer closes the browser 
or makes another purchase triggering once again the 

process.  If the concept is augmented with the number 

of users, it is understandable that Volume (e.g.the 

number of transactions X number of Customers X 

historical consumer behaviour) will attribute to 

Velocity and any latency in the systems will result in 

outdated processing rendering the investment void 

and zeroing the corporate profit. 

 

From the aforementioned case examples, it is 

understandable that Velocity and Volume go hand-in-

hand and in essence, most research for Volume is 
related to Velocity.  Literature also indicates the 

same:In IEEE 2017 publication ―Quantifying volume, 

velocity, and variety to support (Big) data-intensive 

application development‖,RustemDautov is actually 

identifyingthat velocity is directly related to Volume 

since it refers to the rate at which data volumes are 

generated (Dautov & Distefano, 2017).  Both Volume 

and Velocity are technology-oriented (Zhou, Pan, 

Wang, & Vasilakos, 2017) and as such technological 

advancements can attribute in resolving the 

challenges.  Performance tuning of DFS, parallel 
processing, in-memory processing (Kataria & Mittal, 

2014), incremental clustering techniques (Srivastava 

& Dong, 2013) are techniques and technological 

implementations in addressing both. 
 

Technology means cost since there has to be an 

investment in IT. To reduce TCO just like in cases of 

Volume, several pieces of the research argue that the 

cloud could be the solution for Big Data processing.  

An interesting view is expressed by Chaowei Yang in 

―Big Data and cloud computing: 

innovationopportunities and challenges‖, where it is 

stated that Analytics as a Service (AaaS) and Big 

Data Business Functions as a Service (BDaaS) can 

support not only infrastructure butalso business 

modelling.  What is proposed is that optimized 
algorithms can be utilized and be disbursed from such 

platforms in providing with ―ready-made‖ models for 

Big Data Analytics (Yang, Huang, Li, Liu, & Hu, 

2017).  This is a very interesting extension to 

infrastructure augmentation and minimization of cost 

of ownership but what is not identified in this 

research, is the value - especially when it is identified 

that Value has become one of the essential V‘s. 

 

The usage of cloud landscapes can be used in 

providing with viable alternatives to on-premises 
investment.  Infrastructure as a Service (IaaS), 

Platform as a Service (PaaS), Data as a Service 

(DaaS) and Big Data Business Functions as a Service 

(BDaaS) / Analytics as a Service (AaaS) are the four 

layers that an organization could utilize in attaining 

an ecosystem to process data (Kataria & Mittal, 

2014).  Apart of the cost of ownership, in this review, 

it is identified that 90% of data is noise – pertaining 

to Variety – and that compliance and confidentiality 

can pose a challenge for many institutes since data on 

the cloud are ―outside‖ of the company.  A solution to 

that is presented with the use of hybrid clouds which 
consist of a public and private cloud blend.  This 

approach is utilized widely in highly regulated 

industries like Banking, Medicine, etc. where 

customer information istreated as privileged data.  In 

addition to that, based on the General Data Protection 

Regulation (GDPR) (EU) 2016/679(Regulation (EU) 

2016/679 of the European Parliament and of the 

Council of 27 April 2016 on the protection of natural 

persons with regard to the processing of personal data 

and on the free movement of such data, and repealing 

Directive 95/46/EC (General Da, 2016), which 
prohibits sharing of customer information without 

customer consent, private clouds to hold such 

information are constantly gaining acceptance. 

 

Corporations are profit-orientedestablishments thus 

they are interested in the reduction of TCO but are 

mostly interested in revenue.  Diversification and 

competitive advantage are tools in increasing revenue 

and to utilize Big Data, corporations must act on the 

produced insight.  Manjul Gupta in his 2014 paper 

―Organizational Culture and the Three V‘s of Big 

Data‖ is presenting a different perception of Velocity 
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in relation to business, the essence of ―reaction.‖  He 

is identifying that Velocity is not simply the speed at 
which information is generated but is also the speed 

at which the organizations can identify and act upon 

the intelligence by processing the data (Gupta, 2014).  

This link is very important since it is the first time 

that Big Data is analyzed under the prism of 

corporate structures and is also highlighted in 

Power‘s and McAbee‘s work (McAbee, Landis, & 

Burke, 2017; Power, 2014).  The research correlates 

the organizational culture with the V‘s in an attempt 

to understand ―success factors‖ in a Big Data 

initiative.  What is missing from such research is the 

consideration of factors like compliance and 
international operations that can determine to a great 

extent the corporate culture.  The answer to prompt 

business reaction, according to MuneshKataria in 

2014 article ―Big Data: A review‖ is to utilize in-

memory computing, thus being able to promptly 

process Big Data in realizing ―real-time‖ 

benefits(Kataria & Mittal, 2014). 

 

Minimizing TCO and ―reacting‖ upon Big Data 

insight is important but the time element should 

alsoto be considered.  Acting promptly is of 
significance towards acquiring and retaining the 

competitive advantage.  In 2017 Brock‘s article 

entitled ―Are enterprises ready for big data analytics? 

A survey-based approach‖ is concerned with velocity 

and after identifying the issues with networks and 

computing power offers an important analogy.  It is 

identified that for Analytics to be of business use, 

they have to be time-relevant.  This resembles the 

1980‘s Japanese break-through of Just-In-Time (JIT) 

management style (H. U. Khan & Brock, 2017), 

where goods where presented when the need arose in 

minimizing costs (storage, transport, delay, etc.).  In 
this case, Data will be utilized at real-time towards 

presenting with insight, through Analytics.As a result, 

the challenge will be addressedat the moment of 

manifestation, in an attempt to minimize any 

consequences.  Towards this real-time 

processing,AyseSelcuk is proposing near-real-time 

processing with the use of ―lazy updates‖ (Selcuk, 

Orencik, & Savas, 2015) of data in the data sets, 

which in essence is an incremental approach.  This 

incremental suggestion is coinciding with Storey‘s 

analysis where it is suggested that filtering and 
conceptual modelling can be used in extracting and 

processing important information (Storey & Song, 

2017).  It is interesting to observe that Bertil Schmidt 

and Andreas Hildebrandt in their 2017 review have 

not even mentioned variety as a ―motivator‖ for the 

use of clouds and Big Data technologies(Schmidt & 

Hildebrandt, 2017).  They only consider Volume and 

Velocity as the main drivers and refer to the existing 

implementations, like Map-Reduce which are already 

available. 

 

Once again, just like in Volume, we can see that there 

are several implementations and alternatives in 
overcoming the challenges presented by Velocity.  

Main alternatives would be presented by cloud 

technologies were software and hardware expansion 

can be easily implemented in affordable rates.  

Academic and field Research is performed in areas of 

further enhancing performance and benchmarking 

existing implementations along with innovative 

alternative solutions.  Also, it is very important to 

mention that compliance, that is regulatory and legal 

requirements, is also factored into the presented 

solutions which make it easier for business adoption. 

 

VARIETY & HETEROGENEITY 

Although there are adequate literature and research 

on Volume and Velocity, the research on Variety 

revealed a different trend in the documents.  In this 

case, it is identified that researches are not 

investigating, but rather highlighting the fact that 

Variety is not researched enough whilst at the same 

time highlight the challenge posed.  In trying to 

identify the ―Current State‖ for Variety, the term 

―Heterogeneous Data‖ was used in the search engines 

to uncover papers and relevant research.  The initial 
results were massive.However, after in-depth analysis 

as defined in the methodology, it was identified that 

most of the research was specific to instantiations of 

Heterogeneity.  In many cases, specific datasets were 

combined in producing on homogenous set. In many 

other occasions, the focus is on storage and the 

availability of flexible structures to store diverse 

information.  In essence, although they are entitled or 

have utilized Heterogeneity in the keyword, the 

content was related to Volume and NoSQL solutions 

that have already been presented.  Nevertheless,some 

publications provided with insight and will be 
analyzed in the sections to follow. 

 

Continuing to utilize the initial categorization of topic 

and time dimension, we shall split the sited work 

accordingly. 

 

Variety 

One of the factors for Business adoption is 

TCO.Based on Kumar, the cost to be paid on services 

in addressing Variety in any Big Data project will be 

the ―key cost element‖ (Kumar, 2013).  Services will 
be part of the initial investment (CapEx) and will 

have no tangible result but is a prerequisite in 

incorporating the raw data into the Data Lake and 

eventually utilize them in analysis, thus any cost 

approval will not be easily justifiable especially if it 

is a substantial percentage of the overall budget.  At 

corporate cultures, even though it might not be the 

case, it is considered that internally allocated 

resources will be of lower costs.  In the case of 

Variety, Lennard, Shacklett and Brown all agree that 

effort has to be put in by specialized 

personnel(Brown, 2014; Lennard, 2014; Shacklett, 
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2014).  Furthermore, they identify that the respective 

specialization is not present in many organizations 
thus resulting in hiring experts, which will augment 

the costs. 

 

Lennard has named Variety ―the ugly duckling‖ of 

Big Data since it the most neglected and difficult to 

solve (Lennard, 2014).  Nonetheless, it is stated that 

organizations should not be discouraged and try to 

leverage their data power by implementing a Data 

Landscaping exercise, in which the used data formats 

are identified.  A limitation of this approach is that 

such an exercise can be difficult, requires specialized 

skills and time-consuming especially when we 
superimpose the other V‘s effects.  Shacklett, in his 

respective paper, is actually verifying that it could be 

difficult for any organization to implement such a 

task if they have to evaluate and classify all existing 

corporate data whilst it could be impossible if they 

have to classify all business-related external data 

(Shacklett, 2014).  But although in the survey by 

Paradig4, it was identified that 71% believe Variety is 

more of a problem than Volume, 91% is planning to 

kick-start a Big Data engagement which denotes the 

acceptance of Big Data concept in the business world 
(Brown, 2014). 

 

Up to this time, the researchers are considering 

Variety as a ―difficulty‖ in merging and classifying 

data, but it is in the next years' researchers diversify 

in arguing that the impact is far greater.  It is 

identified that errors and controversial results will be 

the outcome of Variety (M. A. U. D. Khan et al., 

2014).  The arrival to erroneous conclusions based on 

data Variety was also identified in a case study on the 

development of an ATM Cash Replenishment 

Artificial Neural Network (Vranopoulos, 
Trianatafylidis, & Yiannopoulos, 2016)where it was 

proven that, after data normalization, the quality of 

results dramatically improved.  Organizations have 

understood the value of minimizing the effect and, as 

Kimura denotes, 74% of businesses would like to 

harmonize their data (Kimura, 2014).  Nevertheless, 

Kimura is also introducing another perspective to 

Variety, where it is suggested that Value can be 

harnessed form the identification of Variety as a fact.  

Instead of focusing analytics in analyzing the data, it 

is suggested that the differences and diversity can be 
analyzed towardsa better understanding of our 

environment, business or nature.  This approach of 

retrieving Value out of Variety can be utilized, but to 

our understanding, it is not a viable solution.  

Although this approach can provide insights, it is too 

far in the project implementation timeline and no 

business will undertake the ―Big Data Voyage‖ to 

solely or primarily realize benefits from better 

understanding its corporate environment 

diversification. 

 

In the next years, the trend of identifying the issue 

continues with Baker signifying that Variety will be 
the biggest challenge by quoting Sharmila Mulligan, 

CEO and founder of ClearStory Data.He, in turn, 

identified that Variety as the biggest challenge in 

providing with valuable business insight (Baker, 

2015).  Mao in his 2015 publication in IEEE is very 

specific ―… most of the effort was spent on volume 

and velocity, but not as much on variety‖ (Mao et al., 

2015). Universalization, abstraction and 

standardization are suggestions towards the 

minimization of the effect, but no business cases or 

adoption are identified in the research.  Even in most 

recent publications, it is identified that the solution is 
not evident and the challenge has to be addressed 

Within this context, IEEE publication in 2017 by 

RustemDautov, identifies that Variety is ―more 

difficult‖ to measure and quantify (Dautov & 

Distefano, 2017).The research sheds some light on 

quantifying the Variety effect (on a scale 0 to 1), 

whilst previous work and research aremainly limited 

in identifying the challenge. 

 

Heterogeneity 
Data Heterogeneity is not something new.The study 
of data integration, which intends to minimizeData 

Heterogeneity,started in the middle 1970s (Luo, 

Dang, & Mao, 2008).  Methodologies like Common 

Object Request Broker Architecture (CORBA), 

Distributed Component Object Model (DCOM), 

Electronic Data Interchange (EDI) were devised and 

employed but they all were focused on preventing 

Variety.  These were sufficient for the early years but 

when the www came into existence and once it was 

extensively adopted such methodologies were 

abandoned.  With the exponential increase of the 

generated data, it is important to standardize the data 
after it is generated and shared rather than beforehand 

standardizing the communication layer with protocols 

and conversions.  An approach suggested by Banek is 

to reconcile the target schemas of different databases 

and have federated queries executed across all of 

them.  Sub-queries will be constructed and executed, 

based on the initial user query, for each different 

schema based on mappings identified previously.  

Several approaches have been developed in matching 

the schemas like ARTEMIS-MOMS, Cupid, 

―similarity-flooding‖ and iMAP(Banek, Vrdoljak, 
Tjoa, & Skočir, 2007).  The aforementioned 

methodologies/techniques utilize linguistic matching, 

translation into graphs and semantic matching but 

most importantly, as Banek highlights, all these 

techniques will produce candidates that will have to 

be confirmed or will have to be ―taught‖ using 

examples (e.g. Neural Network training).  Full 

automation is almost impossible since human 

intervention is required.  To our understanding, the 

same applies to match diverse information within the 

Date Lake.  A semi-automation process can be 

devised in helping Data Scientist but the ―final call‖ 
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has to be human-driven.  Also, it is very important to 

minimize the repetition of this task by standardizing 
and disseminating this information to other Data 

Scientists, thus minimizing re-work. 

 

In sharing and reusing domain knowledge, ontologies 

can be used.  In their work, Luo – Dang and Mao 

define Ontology as the canonical and precise 

description about one domain that explicitly denotes 

the class and attributes of various features, conditions 

and properties related to conception.  This paper is 

important since it links Ontology to the object-

oriented model and highlights XML as the standard 

that can make the combination of heterogeneous data 
easy (Luo et al., 2008). 

 

In essence Banek, Luo, Dang and Mao are suggesting 

the use of meta-model which will be used in the 

reconciliation or definition of the heterogeneous 

schemas/information storage.  This concept is further 

analyzed by Batinmi, Barone, Cabitza and Grega in 

their work ―A Data Methodology for Heterogeneous 

Data‖ where they present a Heterogeneous Data 

Quality Methodology (HDQM).  In their work, they 

rely on meta-model definition and once again identify 
the importance of XML as the representation means.  

After investigating methodologies like TDQM, 

TIQM, AIMQ, CIHI, ISTAT, COLDQ, DaQuinCIS 

and CDQ, they have concluded that limitations 

concerning the number of attributes or type of data or 

datatypes, exists and propose a new model as a 

superset in addressing these limitations.  The key 

concept of this new model, identified as HDQM 

meta-model, is the Conceptual Entity which is an 

abstraction of any single phenomenon of the real-life 

instantiation of an entity of interest (Carlo, Daniele, 

Federico, & Simone, 2011).  This concept is very 
important since it can be applied in the Big Data 

ecosystem and describe conceptually the data 

regardless of their nature in attempting to contain the 

effect of Variety in respect to defining and 

understanding the data.  Also, the work identifies that 

Data Quality can best be described by two 

dimensions, namely Accuracy and Currency.  Based 

on prior references throughout this document we can 

easily relate these two dimensions with underlying 

the challenges paused by Variety and Velocity 

respectively. 
 

Further research in meta-models has been identified 

but a paper that stands out, for its relevance to Big 

Data Volume, is ―Beyond 100 Million Entities: Large 

scale Blocking-based Resolution for Heterogeneous 

Data‖.  Although Papadakis and his team labelled it 

as ―Heterogeneous Data‖, their work is referring to 

Heterogeneous Schemas by identifying a 

methodology to match a large number of entities.  

Their proposition is based on Sorted Neighborhood 

approach and suggests that instead of working on the 

entire collection, it is sufficient to handle data inside 

each block (Papadakis, Ioannou, Niederée, Palpanas, 

& Nejdl, 2012).  This approach is quite similar in 
concept with Map Reduce and thus can be adapted to 

the Big Data ecosystem. 

 

Mylka is introducing the concept of a knowledge 

base.  The respective paper is representing the X2R 

methodology which is used in defining an ontology 

knowledge base to describe the conceptual entities of 

an RDBMS, XML and LDAP data source (Mylka, 

Mylka, Kryza, & Kitowski, 2012).  Although it 

cannot be directly related to Big Data since all data 

sources have a high degree of structure, the research 

is exhibiting usage with high volumes of source data 
and suggests the usage of the meta-model. 

 

Up to 2012, most research is highlighting the merge 

or reconciliation/matching of schemas in addressing 

the heterogeneity of data.  Abdullin and Nasraoui, in 

their work, which extends on Papadakis work towards 

clustering, instead of performing 

reconciliation/matching on schemas, they try to 

access the data itself.  Semi-Supervised Learning of 

Neural Networks implementations is used in 

clustering labelled and unlabeled data (Abdullin & 
Nasraoui, 2012).  Olaru in his PhD thesis is utilizing 

existing entity representation methodologies like 

ERD, DFD and DNF (3rd NF) in representing 

conceptual schemas (Olaru, Vincini, & Bergamaschi, 

2014), which we believe can be also utilized in the 

Bid Data ecosystem in representing the aggregated 

structures/no-structures into a knowledge base. 

 

More relevant to the Big Data structures is the work 

of Karpathiotakis and his team where they suggest 

that although Map Reduce and NoSQL systems can 

attribute substantial benefits to the data-driven 
analysis, it would be more efficient to have a 

federated query system that will benefit from the 

capabilities of each subsystem rather than trying to 

bring everything into one repository.  In this way, 

their suggested system – Proteus, is utilizing query 

algebra in translating the respective initial query to 

the downstream specific system enquiry thus 

harnessing the native power of each infrastructure 

(Karpathiotakis, Alagiannis, & Ailamaki, 2016).  

RDBMS, NoSQL, Map Reduce and other 

technologies are utilized in providing the baseline to 
be accessed via a federated query mechanism.  This 

approach is very interesting since, in essence, is 

limiting the exposure to Variety by utilizing natively 

any structured resource (e.g. RDBMS) rather than 

having the data moved into any Big Data 

implementation infrastructure.  Oracle and Microsoft 

implementations are following the exact opposite by 

importing the data into a Data Lake and provide 

―relational query‖ interfaces to it.  So there seems to 

be a ―deviation‖ between the academic and market 

approach, thus no conclusive decision can be 

presented in the approach that has to be followed. 
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Wang is explicitly referring to Big Data 
Heterogeneous Data but apart of identifying/raising 

the challenges, there are limited alternatives proposed 

in overcoming them.  Of interest is the new term 

―Data Swamp‖ which is used to identify ungoverned 

Data Lakes where data is dumped without any 

metadata that will lead to confusion and limited usage 

since the semantics and structure of the data will be 

unknown (L. Wang, 2017).  Moreover, there is an 

attempt to explain Variety in terms of Heterogeneity 

types where the following are identified: 

 

 Syntactic, referring to language differentiation. 

 Conceptual/semantic/ logical, referring to 

differences in the modelling of the domain under 

investigation. 

 Terminological, where same entities are referred 

to under different naming conventions. 

 Semiotic/pragmatic, which has to do with the 

differences in the human interpretation of the 

entities. 

 

Another pillar of Variety that is referring to erroneous 

and incomplete data, that is sometimes referred to as 
―noise-data‖ is investigated by Nazabal.  In the 

respective work, which is quite recent in regard to 

this analysis – July 2018, it is identified that up to 

now there is no clear description in the literature 

incorporating missing data (Nazabal, Olmos, 

Ghahramani, & Valera, 2018).  The paper suggests 

the usage of Variational AutoEncoders (VAEs) in 

completing and extrapolating missing information 

with the use of ANN and from the initial results, it 

looks like that the methodology can be utilized in 

future business-related implementations. 

 

IV. LIMITATIONS 

 

In order to be able to accurately describe the elements 

and factors that could have limited this research, two 

perspectives should be considered: 

 Limitations identified during the research.  In 

this case, the researchers have the opportunity to 

adjust the methodology and strategy of the 

research in minimizing or even eliminating the 

effect. 

 Limitations after the completion of the research.  

These are limitations that have not been 

anticipated and in essence, are opportunities for 
future research. 

 

4.1. Limitations identified during the research 

Based on the initial set of publications it was 

identified that Variety has not been extensively 

researched thus it was decided to extend the scope of 

the research to a similar field, Data Heterogeneity.  In 

this way, the paper can provide a holistic 

understanding of the research theme. 

 

The number of available publications was very large, 
thus it was decided to utilize multiple lexical 

conditions in limiting the result set.  In this manner, it 

could be the case that some publications were missed 

due to the inaccuracy of search engine algorithms or 

the terms used since a limited number of synonyms 

could be used.  The representative sample is defined 

in the methodology and having performed 

consecutive review iterations, the most recent 

resources available were incorporated. 

 

Although Big Data is a very technical field, extending 

to mechanical and electrical engineering along with 
extreme mathematics and software development, it 

was decided not to go into the technical details so that 

this paper can be utilised by none-technological 

experts in the field.  The number of technological 

―jargon‖ and technical details was contained for the 

benefit of placing the research in a corporate context. 

4.2. Research Opportunities 

Quite early in the research, it was identified that Big 

Data is affecting all industries and disciplines.  To 

that expend the research was scoped taking into 

considering specific areas.  The technological aspects 
had to be researched but within context, thus it was 

decided to include areas in the corporate sector like 

Legal and Ethical.  Other disciplines could be 

researched in identifying opportunities or challenges 

related to Big Data. 

 

Although lexical rules were used in identifying 

―positive‖ matched toward the research, in many 

cases the result set was large enough so that it would 

either take too much time or too many people to fully 

investigate and analyse all available thousands of 

resources. In this way, time and researchers number 
had a limiting effect on the full review of all available 

resources.  A larger team of researchers could 

undertake the task of performing a full taxonomy of 

all available resources. 

 

Presentation of the review is based on the primary 

V‘s and following a time sequence.  This poses a 

research opportunity since an alternative taxonomy, 

e.g. only based on time, could yield a different 

perspective. 

 

V. CONCLUSION 

 

Analysis and presentation of certain aspects of Big 

Data were performed.  The basic V‘s, Volume, 

Velocity and Variety were presented as identified 

throughout the literature.  For the identified 

publications, analysis towards the identification of 

strengths and weaknesses was attempted and results 

were presented.  Correlation between independent 

publications was performed in putting them into a 

context and chronological sequence.  Having 

identified the limited research in Variety, Data 
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Heterogeneity was also researched in serving as a 

reference and possibly utilized as a basis for further 
analysis in countering the challenges posed. 

 

Although there are many business and technical 

references about Volume and Velocity, it was 

identified through this research that there is a limited 

investigation in trying to address the Variety.  Whilst 

there are references where the authors identify the 

magnitude of the challenge, very limited 

solutions,were presented.  Abstraction, 

generalization, identification, classification are 

several techniques mentioned but no business case 

was made and more importantly, there is no 
framework in bringing them together and 

(semi)automating the task of talking Variety.  Even 

the investigation of the long-standing issue of 

Heterogeneous Data did not help much apart from 

giving hints towards metadata utilization and use of 

taxonomies and ontologies. 

Since the web was the first source of ―ambiguity‖ in 

the structured world of IT, techniques that were used 

in classifying the www could be utilized in 

addressing data heterogeneity.  By building on such 

techniques and methodologies like ontology, it might 
be possible to understand and address some of the 

Variety challenges. 

 

Concluding, this research is aiming to offer a 

comprehensive review of the current state of basic 

V‘s of Big Data (Volume, Velocity and Variety) in an 

effort to assist researchers to have a solid and 

complete reference on the field. 
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