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ABSTRACT

Recently, Big Data has become a significant concept in
various areas, especially with business sectors. Digital devices,
social media, and simulation results are producing a vast
amount of data which are used by various applications to find
insights. However, conceptual work integrating the Big Data
applications into categories has been limited. The goal of this
paper is to classify Big Data use cases by application’s
characteristics and to provide a systematic review of Big Data
usages in each application classification which is based on
examination of the available use cases and survey of related
works. Big Data applications are classified into three
categories such as industry and business, scientific research,
urban planning. The critical aspects of the classified areas are
described to determine the importance of Big Data in these
areas. Fog computing and cloudlet are presented as the core
technology of collecting data. Twitter, LinkedIn, Facebook,
and Netflix are discussed as industry and business cases of
Big Data.
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1. INTRODUCTION

In recent years, importance of Big Data is increasing in
almost every aspect of modern society. This applies not only
in research areas such as engineering, natural science, and
life science, but also in business and government sectors [1].
Previously, the importance and challenges of Big Data
already recognized in Nature and Science [2] [3]. For the
industrial and business sector, McKinsey presents how Big
Data is transforming traditional business aspects to the new
paradigm [4].

Unfortunately, common definition of Big Data there is not
avaliable. The first appearance of the term “Big Data” was
presented in a 1997 paper by scientists at NASA [5]. In this
paper, authors defined Big Data as “provides an interesting
challenge for computer systems: data sets are generally quite
large, taxing the capacities of main memory, local disk, and
even remote disk. We call this the problem of big data.” Since
then, various definitions are available. Currently, the most
widely used definition described by McKinsey in 2011 [6] as
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“datasets whose size is beyond the ability of typical database
software tools to capture, store, manage, and analyze.”

The next generation of IT industry and research community
strongly impacted by Big Data. According to International
Data Corporation (IDC) [7], global revenues for Big Data and
business analytics (BDA) solutions in 2019 will increase
12.0%, which reach $189.1 billion, over 2018. This pace of
growth will be maintained throughout the year 2022 and
worldwide BDA revenue will reach $274.3 billion.
Throughout all the BDA revenue forecast, the fastest growth
area is IT and business services with accomplishing more
than half of revenues. The increasing importance of Big Data
services motivates this literature survey.

This paper presents a literature review of Big Data
applications. The purpose is to present a classification of
research works, findings, and practical implications. This is
necessary to provide an update about the state of use cases,
identify active research areas in both academia and industry
community, and understand existing challenges for the
benefit of the future development of Big Data applications.
For this research, the literature was selected from three major
databases, Scopus, ScienceDirect, and EBSCO. Most of the
literature focusing on Big Data application ranges from
2017-20109.

Section 2 explains significant of the Big Data in various
research and industry communities. Section 3 discusses the
loT technology, which is the core digital devices of Big Data.
Section 4 presents the business aspects of Big Data by
evaluating the companies that are using Big Data heavily in
their businesses. Finally, section 5 draws concluding remarks.

2. CATEGORIES OF BIG DATA APPLICATIONS

In this section, Big Data use cases are categorized in various
perspectives, and we also describe the significance of Big
Data in each category.

2.1 Industry and Business

Many companies are using Big Data as a common method.
Collection of business performance information creates
significant value to the business strategies such as price
optimization, product design, equipment replaces, and labor
inputs [6]. For example, manufacturers are able to predict the
optimal time to maintain or replace their equipment to save
expenses by collecting and analyzing vibration data.
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Financial service organizations can prevent financial fraud by
Big Data analysis of customer behaviors and interactions.

Especially, the social network companies, such as Facebook,
Instagram, Twitter, and Linkedln, and video-streaming
company like Netflix are generating and using a great deal of
Big Data in their businesses. Usage of social big data is
discussed in section 1V in-depth.

2.2 Scientific Research

For the past decade, the importance of Big Data is recognized
in various scientific research areas. The perspective of
scientific research has changed because of Big Data.
Scientists mainly focus on analyzing data to find knowledge
and intelligence rather than scientific equipment operation

[8].

For example, the meteorologists are dealing with hundreds of
terabyte data, which are generated by the earth observation
satellites, radars, and sensor networks, to simulate climate
changes [9]. The main focus of climate simulations is to
deliver advanced warnings in term of severe weather changes
by interpreting the huge amount of data.

Biomedical and healthcare area is one of the most active Big
Data research areas. The main aim of these areas is to provide
better services, medical therapies, personalized medicine, and
financial advantages [10].

2.3 Urban Planning

Smart city is one of the characteristic examples of Big Data to
the people. The goal of smart city is to provide better and safer
services throughout integration of various urban subsystems
such as business, transportation, and communication
technology [11]. Big Data plays an important role in these
services.

For example, urban planning for unused public properties can
get benefit from Big Data. Big Data analysis based on
demographics, facility usage, and social welfare indicators
can fulfill the overall needs of society and urban development
[12]. People also can reduce fuel consumptions and emissions
by using dynamic Big Data traffic analysis [13].

3. THE INTERNET OF THINGS (IoT)

The Internet of Things (loT) changes our daily life
dramatically [14] [15]. Internet of Things Global Standards
Initiative [16] defines the 10T as “a global infrastructure for
the information society, enabling advanced services by
interconnecting (physical and virtual) things based on
existing and evolving interoperable information and
communication technologies.” The physical environment
provides information that can be used to improve the quality
of life.
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The objective of this section is to deliver up to date research
subjects of Big Data with the 10T. In the following subsections,
loT issues focusing on big data aspect are discussed.
Categories of Big Data complexity handling are described in
the first subsection. Fog computing and Cloudlets, that are
new concepts in the computing landscape, are analyzed as 10T
Big Data applications.

3.1 Complexity Handling

According to [17], the complexity of data that is produced by
the 10T devices can be handled by local processing, cloud
computing, and Edge computing. The local processing
approach uses smart sensors to analysis the raw data that are
collected. Smart sensors have the capabilities of computing
and communication [18, 19]. In this approach, smart sensors
play a significant role to reduce frequency of communication
and workload of remote servers.

The cloud computing with 10T generates loT-as-a-Service
(loTaaS) [20]. In this model, Big Data is used to analyze the
data in the cloud computing and valuable knowledge is
extracted using data mining methods to deliver rich services.
Most suitable example of IoTaaS is the smart city. This
application uses a centralized cloud facility to analyze data
and provide services to citizens [21]-[23]. The cloud
computing paradigm can easily expand services with newly
developed technologies like 5G protocols [24].

Pt PR
Smart health
- system

Smart people

Smart sea monitoring

Smart transportation

Flgure 1: Edge computing applications [26].

Edge computing (Figure 1) provides fast processing and quick
response time to accomplish requirements of mobility-related
issues [25] [26]. Many functionalities of the Cloud computing
like data computation and storage services are relocated at the
edge devices to reduce latency for delay-sensitive user
services. Characteristics of Edge computing can be
categorized as dense geographical distribution, mobility
support, location awareness, proximity, low latency, and
context-awareness [27]. There are several ways to implement
Edge computing. This paper analyzes the literature available
on Fog computing and Cloudlets.
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3.2 Big Data on Fog computing

In this subsection, we provide a comparison of Fog computing
solutions focused on Big Data aspect. The concept of the Fog
computing, that has been introduced by Cisco, enables
computational capability at the network edge [28] [29].

J. Santos et al. [30] proposed a Fog computing-based data
analytics framework in 5G networks to overcome the
challenges involved in fog node management for the
exchange of provisioning information between fog nodes.

B. Qin et al. [31] introduced applications of the fog
computing model based on big data. The industrial robot
application is mainly discussed. This paper describes how to
use the characteristics of big data and fog computing model in
the robotics area. The 5G network application is also
discussed as a future application area. A.

Yassine et al. [32] sought to apply big data analytics for smart
homes with 10T and fog computing. The challenges of
complexities and resource demands and the requirements and
the design issues of big data analytics are discussed and
proposed a relevant system architecture. In this study, the
authors perform a case study with a dataset that acquired from
real smart home.

3.3 Big Data on Cloudlet

Cloudlet was introduced by Satyanarayanan et al. [33] to
overcome performance issues such as latency and packet
losses of Cloud services by adding a small-scale data center
and computation capabilities to the 10T devices.

U. Shaukat et al. [34] described the motivation, architectures,
applications, and open challenges issues with cloudlet
frameworks. This paper has presented a hierarchical
taxonomy for classification of cloudlet solution, identification
of cloudlet application, strengths and weaknesses analyzation,
and requirements for deploying cloudlet.

S. Valluripally et al. [35] sought to introduce a community
cloud architecture addressed implementation of health big
data application using cloudlet. This architecture uses
cloudlet to provide application performance in high-speed
processing.

C. Shen et al. [36] proposed an energy-efficient cloudlet
placement method to reduce the energy consumptions by
rearranging the clustering of mobile devices. For a dynamic
placement method of energy-efficient cloudlet, the authors
have proposed three-step processes such as device center
location recognition, cloudlet location determination, and
dynamic placement of cloudlet.
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4. SOCIAL BIG DATA

Social media companies play a main role as both major
sources of contributing data and heavy user of the data (Figure
2). To understand various research topics and technical
challenges in area of social big data is important.

There are no common definition and the related terms of
social big data. The most relevant definition to this paper is
presented by E. Olshannikova et al. [38] which is “any
high-volume, high-velocity, high-variety and/or highly
semantic data that is generated from technology-mediated
social interactions and actions in digital realm, and which can
be collected and analyzed to model social interactions and
behavior.” In the following subsections, current researches
and use cases of social big data are presented.

GROWTH OF SOCIAL MEDIA USERS

YEAR-ON-YEAR INCREASE IN THE NUMBER OF PECR(E L MEDIA IN EACH CX

H

# Hootsuite E&d

Figure 2: Growth of Social Media Users [37].

4.1 Social Network Providers

Social network providers, such as Facebook, Twitter, and
LinkedlIn, are examples of Big Data use cases. Facebook
perform batch-based analysis based on structured and
stream-based user data to provide quality of service [39] [40].
Insight of the data is extracted by performing ad hoc analysis
tasks in production or development environments.

Characteristics of Twitter has both a social network and an
informational network and generates more than 143K tweets
per second [41]. The nature of Twitter requires real-time data
processing. Insight information is used to provide
user-oriented services like Who to follow [39].

LinkedIn is a business networking service for industry
professionals. LinkedIn provides an experience level option to
select a category of professional level [42]. Structured and
stream-based data are collected for analysis. Data analysis
results are used to provide user-centric services like People
you may know [39].
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Netflix is a company to provide online or stream video service
to home appliances and mobile devices. User event data are
used to provide video recommendations for end-users, and
network response time data of client applications are used to
determine network condition [39]. Event data are analyzed in
real-time using online environments. Netflix uses Amazon
cloud to provide services.

4.2 Social Big Data Use Cases

Social network data can provide benefits to people in many
ways. E. Olshannikova et al. [38] presented a definition of
social big data and conceptualized it. The authors present four
main related science fields of social big data such as social

computing, Big Data science, data analytics, and
computational social science.
Big Data Science
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Figure 3: Social Big Data related fields [38].

J. C. Kurian et al. [43] studied themes of Facebook post on the
federal emergency management agency Facebook page to
identify the core principles of disaster recovery. By analyzing
Facebook post, the authors claimed to maximize disaster
recovery by achieving pre-disaster recovery planning, public
information messaging, and psychological recovery.

Y. Liang et al. [44] presented digital phenotyping of mental
health using social media data along with data from
ubiquitous sensors and the healthcare system. The authors
address the challenges, open issues, and solutions of mental
health by Big Data analysis.

P. Del Vecchio et al. [45] sought to open up innovation
processes to support tourism experiences. Innovation
processes are evaluated based on a huge amount of travel
experience social media data which are generated by tourists.

4.3 Reference Architecture of Social Big Data
P. Paakkonen et al. [39] evaluated various social network
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companies’ service architectures, such as Facebook, Twitter,
LinkedIn, Netflix, in order to provide a reference architecture
(Figure 4) of social big data. The authors also provide a
description of how to reference architecture is used in real use
cases.

This reference architecture is divided into nine parts: data
source, extraction, loading and pre-processing, processing,
analysis, loading and transformation, data storage, job and
model specification, and visualization. Some key features are
described as follows. In the data sources part, the authors are
defined a source of data as stored data (in situ), data flow
(streaming), a strict data model (structured), and raw data
(unstructured). The role of the extract is to collect data from
the data sources and to store temporarily for pre-processing.
Batch-processing is performed using pre-processed data in
the deep analytics part. The data analysis results are sent to
the visualization part for user presentation.
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Figure 4: High-level design of the reference architecture of social
Big Data [39]

5. CONCLUSION

Recently, Big Data became one of the most important
technologies in industry and research area. This paper
focused on Big Data applications by the literature reviews.
First, a classification of Big Data is presented to identify
relevant applications. 10T is described as a core technology
since 10T sensors are one of the most data-producing sources.
The other data source of Big Data is a social network. Social
network companies use cases of social network data are
presented. A social network reference architecture is also
discussed.
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