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Big Data Analytics for Cloud, IoT and Cognitive Computing

Part 1 Big Data, Clouds and Internet of Things

Chap. 1 Big Data Science and Machine Intelligence

Big-Data Analytics for Cloud, IoT and Cognitive Computing, First Edition. Kai Hwang and Min Chen.
© 2017 John Wiley & Sons Ltd. Published 2017 by John Wiley & Sons Ltd.
Companion Website: http://www.wiley.com/go/hwangIOT

In the era of big data, clouds and Internet of Things (IoT), we need to use “smart”

cloud computing platforms. Most of today’s clouds are “dumb” in the sense that they

are mainly used for data storage, fast search or simple query services. They are

short of IoT sensing, machine learning, data mining and analytics capabilities.

This chapter introduces the basics of big-data theories, cloud service models,

social networks, mobile/wireless and IoT and cognitive capabilities. We explore five

cutting-edge technologies: social, mobile, analytics, cloud and the IoT. We offer an

integrated approach to exploring mobile clouds and IoT resources for big-data

acquisition, mining, processing and analytics in smart city, health-care, social media,

and business intelligence applications.

Summary 

The Four V’s of Big Data 

The Three V’s of Big Data 

The Five V’s of Big Data 

The Evolution of Big Data 
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What is Data Science ? 

• Data Science is the extraction of
actionable knowledge directly from data
through a process of discovery, hypothesis,
and analytical hypothesis analysis.

• A Data Scientist is a practitioner who has
sufficient knowledge of the overlapping
regimes of expertise in business needs,
domain knowledge, analytical skills and
programming expertise to manage the end-
to-end scientific method process through
each stage in the big data lifecycle.

• Big Data refers to digital data volume,
velocity and/or variety whose management
requires scalability across coupled
horizontal resources
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Functional components of data science supported by some software libraries on the cloud in 2016

The Evolution of Data Science 

The evolution of data science up to the big data era

Ø Summarized below are some open challenges in big

data research, development and applications.

• Structured versus unstructured data with effective

indexing;

• Identification, de-identification and re-identification;

• Ontologies and semantics of big data;

• Data introspection and reduction techniques;

• Design, construction, operation and description;

• Data integration and software interoperability;

• Immutability and immortality;

• Data measurement methods;

• Data range, denominators, trending and estimation.

Gartner’s 2016 Hype Cycle of Emerging New Technologies:
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Evolutional trend towards parallel, distributed and

cloud computing using clusters, MPPs, P2P networks,

computing grids, Internet clouds, web services and

the Internet of things.

From HPC Systems and Clusters to Grids, P2P Networks, Clouds,  and the 
Internet of Things

The evolution from two tracks of system development:  HPC versus HTC systems. 

HPC: High-Performance Computing

HTC: High-Throughput Computing

P2P: Peer to Peer

MPP: Massively Parallel Processors

RFID: Radio Frequency Identification
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Convergence of Technologies

Technological convergence enabling cloud computing over the Internet.
(Courtesy of Buyya, Broberg and Goscinski, reprinted with permission)

Cloud computing is enabled by the

convergence of the four technologies.

Hardware virtualization and multicore

chips make it possible to have dynamic

configurations in clouds. Utility and grid

computing technologies lay the necessary

foundation of computing clouds. Recent

advances in service oriented architecture

(SOA), Web 2.0 and mashups of

platforms are pushing the cloud to

another forward step. Autonomic

computing and automated datacenter

operations have enabled cloud computing.

Cloud Computing versus On-Premise Computing and Big Data Industry
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Interactive SMACT Technologies

Interactions among social networks, mobile systems, big data analytics 
and cloud platforms over various Internet of Things (IoT) domains.

Almost all applications demand computing economics, web-
scale data collection, system reliability and scalable
performance, such as in the banking and finance industries.
In recent years, five cutting-edge information technologies:
Social, Mobile, Analytics, Cloud and IoT, have become
more demanding, known as the SMACT technologies.

Evolving Data Analytics over the Clouds

The evolution from basic analysis of small data (MB to GB) 
in the past to sophisticated cloud analytics over today’s big 
datasets (TB∼PB).

Layered development of cloud platform for big 
data processing and analytics applications.

Social Networks and Web Service Sites

(a) Facebook infrastructure

(b) Facebook application distribution
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Mobile core networks for wide-range communications have 
gone through five generations, while short-range wireless 

networks upgraded in data rate, QoS and applications.

Mobile Cellular Core Networks, Mobile Devices and Internet Edge Networks

The interactions 
of various radio-
access networks 
(RANs) with the 

unified all-IP 
based mobile core 
network, Intranets 
and the Internet.

Mobile Cloud Computing Infrastructure

With the support of mobile cloud
computing (MCC), a mobile user basically has a
new cloud option to execute its application. The
user attempts to offload the computation through
WiFi, cellular network or satellite to the distant
clouds. The terminal devices at the user end
have limited resources, i.e. hardware, energy,
bandwidth, etc. The cellphone itself is infeasible
to finish some compute-intensive tasks. Instead,
the data related to the computation task is
offloaded to the remote cloud. Special cloudlets
were introduced to serve as wireless gateways
between mobile users and the Internet. These
cloudlets can be used to offload computations or
web services to remote clouds safely.

The architecture of a mobile cloud computing environment

Big Data Value Chain over Massive Data

Big Data Acquisition and Analytics Evolution

Data Quality Control, Representation and
Database Models
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Big Data Acquisition and Preprocessing

Generally, data integration methods are accompanied with flow processing engines and search engines:

1) Data Selection: Select a target dataset or subset of data samples on which the discovery is to be performed.

2) Data Transformation: Simplify the datasets by removing unwanted variables. Then analyze useful features that 

can be used to represent the data, depending on the goal or task.

3) Data Mining: Searching for patterns of interest in a particular representational form or a set of such 

representations as classification rules or trees, regression, clustering, and so forth.

4) Evaluation and knowledge representation: Evaluate knowledge pattern, and utilize visualization techniques to

present the knowledge vividly.

Interactions among Technologies

Ø Data Mining: Data mining involves the discovery, collection, aggregation, transformation,

matching and processing of large datasets. Data mining is a fundamental operation

incurred with the big data information system. The ultimate purpose is knowledge

discovery from the data. Both numerical, textual, pattern, image and video data can be

mined. Chapter 2 will cover the essence of big data mining in particular.

Ø Data Aggregation and Integration: This refers to data preprocessing to improve data

quality. Important operations include data cleaning, removing redundancy, checking

relevance, data reduction, transformation and discretization, etc.

Ø Machine Learning and Big Data Analytics: This is the foundation to use cloud’s

computing power to analyze large datasets scientifically or statistically. Special computer

programs are written to automatically learn to recognize complex patterns and make

intelligent decisions based on the data.

Data Mining and Machine learning

Machine Learning 
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Machine and Deep Learning Applications Classified in 16 Categories

(a) Object Recognition (b) Video Recognition (c) Image retrieval (d) Fact Extraction      

(e) Machine Translation                (f) Text processing (g) Speech recognition             (h)  Natural language processing

Machine and Deep Learning Applications Classified in 16 Categories

(i) Sentiment Analysis (j) Cancer detection (k) Drug discovery/toxicology   (l) Radiology 

(m) Bioinformatics                          (n) Digital advertising (o) Fraud detection                   (p) Sell & Buy prediction

Big Data Applications – An Overview

A large number of big data applications have
been reported in the literature. We will treat big
data and cloud applications in Part III of this
book. Here, we simply give a global overview of
various big data applications. The US National
Institute of Standards and Technology (NIST)
has identified 52 application cases of big data
application. These tasks are grouped into 9
categories. As a matter of fact, many data driven
applications have emerged in the past two
decades. For example, business intelligence has
become a prevailing technology in business
applications. Network search engines are based
on a massive data-mining process.
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Cognitive Computing – An Introduction

Ø Listed below are some characteristics of
cognitive computing systems:

Ø The term cognitive computing is derived from cognitive science and artificial intelligence. For years, we have
wanted to build a “computer” that can compute as well as learn by training, to achieve some human-like senses
or intelligence. It has been called a “brain-inspired computer” or a “neural computer”. Such a computer will be
built with special hardware and/or software, which can mimic basic human brain functions such as handling
fuzzy information and perform affective, dynamic and instant responses. It can handle some ambiguity and
uncertainty beyond traditional computers.

Ø To this end, we want a cognitive machine that can
model the human brain with the cognitive power to
learn, memorize, reason and respond to external
stimulus, autonomously and tirelessly. In other
words, cognitive computing systems make some
well-defined “context” computable. IBM describes
the systems that learn at scale, reason with
purpose and interact with humans naturally.

• Adaptive in learning
• Interactive with users
• Iterative and stateful
• Contextual in information discovery

• This chapter introduces the basic definitions and key concepts of big data science and
cognitive computing. The purpose is to prepare our readers for studying the in-depth
treatment in subsequent chapters.

• Smart clouds are supported by IoT sensing and big data analytics. More coverage of
smart clouds is given in Chapters 3, 4 and 9.

• We emphasize the interactions or fusion of the SMACT technologies for big data
processing.

• Social-media networking and mobile access of the cloud services are introduced in
Section 1.2. These topics will be further studied in Chapters 2, 3, 8 and 9.

• We introduce basics of data mining, machine learning, data analytics and cognitive
computing in Sections 1.3 and 1.4. These big data topics are further studied in
subsequent chapters.

Conclusions

Thank You !


