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INTRODUCTION TO DATA SCIENCE AND R PROGRAMMING

UNIT I
Defining Data Science and Big data, Benefits and Uses, facets of Data, Data
Science Process. History and Overview of R, Getting Started with R, R Nuts and
Bolts

UNIT II:
The Data Science Process: Overview of the Data Science Process-Setting the
research goal, Retrieving Data, Data Preparation, Exploration, Modeling, data
Presentation and Automation. Getting Data in and out of R, Using reader
package, Interfaces to the outside world.

UNIT 1l
Machine Learning: Understanding why data scientists use machine learning-
What is machine learning and why we should care about, Applications of
machine learning in data science, Where it is used in data science, The
modeling process, Types of Machine Learning-Supervised and Unsupervised.

UNIT IV:
Handling large Data on a Single Computer: The problems we face when
handling large data, General Techniques for handling large volumes of data,
Generating programming tips for dealing with large datasets. Case study-
Predicting malicious URLs(This can be implemented in R).

UNIT V:
Sub setting R objects, Vectorised Operations, Managing Data Frames with the
dplyr, Control structures, functions, Scoping rules of R, Coding Standards in R,
Loop Functions, Debugging, Simulation
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INTRODUCTION TO DATASCIENCE AND R PROGRAMMING
UNIT- |
> Data Science

Data science combines math and statistics, specialized programming, advanced
analytics, artificial intelligence (Al), and machine learning with specific subject
matter expertise to uncover actionable insights hidden in an organization’s data.
These insights can be used to guide decision making and strategic planning.

Data Mining

Programming Automation

o /DATA\ ;
Statistics SCIENCE Algorithms

N__/]

Data Text
Engineering Analysis

Machine Learning

The accelerating volume of data sources, and subsequently data, has made data
science is one of the fastest growing field across every industry. As a result, it is
no surprise that the role of the data scientist was dubbed the “sexiest job of the
21st century” by Harvard Business Review (link resides outside of IBM).
Organizations are increasingly reliant on them to interpret data and provide
actionable recommendations to improve business outcomes.

The data science lifecycle involves various roles, tools, and processes, which
enables analysts to glean actionable insights. Typically, a data science project
undergoes the following stages:
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Data ingestion: The lifecycle begins with the data collection--both raw structured
and unstructured data from all relevant sources using a variety of methods.
These methods can include manual entry, web scraping, and real-time streaming
data from systems and devices. Data sources can include structured data, such
as customer data, along with unstructured data like log files, video, audio,
pictures, the Internet of Things (loT), social media, and more.

Data storage and data processing: Since data can have different formats and
structures, companies need to consider different storage systems based on the
type of data that needs to be captured. Data management teams help to set
standards around data storage and structure, which facilitate workflows around
analytics, machine learning and deep learning models. This stage includes
cleaning data, deduplicating, transforming and combining the data using ETL
(extract, transform, load) jobs or other data integration technologies. This data
preparation is essential for promoting data quality before loading into a data
warehouse, data lake, or other repository.

Data analysis: Here, data scientists conduct an exploratory data analysis to
examine biases, patterns, ranges, and distributions of values within the data. This
data analytics exploration drives hypothesis generation for a/b testing. It also
allows analysts to determine the data's relevance for use within modeling efforts
for predictive analytics, machine learning, and/or deep learning. Depending on a
model’s accuracy, organizations can become reliant on these insights for
business decision making, allowing them to drive more scalability.
Communicate: Finally, insights are presented as reports and other data
visualizations that make the insights—and their impact on business—easier for
business analysts and other decision-makers to understand. A data science
programming language such as R or Python includes components for generating
visualizations; alternately, data scientists can use dedicated visualization tools.

» Big Data

Big data is huge, large, or voluminous data, information, or the relevant statistics
acquired by large organizations that are difficult to process by traditional tools. Big
data can analyze structured, unstructured or semi-structured. Data is one of the
key players to run any business, and it is exponentially increasing with passes of
time. Before a decade, organizations were capable of dealing with gigabytes of
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data only and suffered problems with data storage, but after emerging Big data,
organizations are now capable of handling petabytes and exabytes of data as well
as able to store huge volumes of data using cloud and big data frameworks such
as Hadoop, etc.

Big Data is used to store, analyze and organize the huge volume of structured as
well as unstructured datasets. Big Data can be described mainly with 5 V's as
follows:

o Volume

o Variety

o Velocity

o Value

o Veracity

Skills required for Big Data

Knowledge of
Mathematica)

Statistics

\Xhat are the
Skills Required
to Become a Data Analyst?

UndC‘rStand
PIG/HIVE
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o Strong knowledge of Machine Learning concepts

o Understand the Database such as SQL, NoSQL, etc.

o In-depth knowledge of various programming languages such as Hadoop,
Java, Python, etc.

o Knowledge of Apache Kafka, Scala, and cloud computing

o Knowledge of database warehouses such as Hive.

> Big data examples

Data can be a company’s most valuable asset. Using big data to reveal insights
can help you understand the areas that affect your business—from market
conditions and customer purchasing behaviors to your business processes.

Here are some big data examples that are helping transform organizations
across every industry:

« Tracking consumer behavior and shopping habits to deliver hyper-
personalized retail product recommendations tailored to individual

customers

« Monitoring payment patterns and analyzing them against historical
customer activity to detect fraud in real time

« Combining data and information from every stage of an order’'s shipment
journey with hyperlocal traffic insights to help fleet operators optimize last-

mile delivery

« Using Al-powered technologies like natural language processing to analyze

unstructured medical data (such as research reports, clinical notes, and

lab results) to gain new insights for improved treatment development and
enhanced patient care
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« Using image data from cameras and sensors, as well as GPS data,
to detect potholes and improve road maintenance in cities

« Analyzing public datasets of satellite imagery and geospatial datasets to
visualize, monitor, measure, and predict the social and environmental

impacts of supply chain operations

These are just a few ways organizations are using big data to become more
data-driven so they can adapt better to the needs and expectations of their
customers and the world around them.

The Vs of big data

Big data definitions may vary slightly, but it will always be described in terms of
volume, velocity, and variety. These big data characteristics are often referred to
as the “3 Vs of big data” and were first defined by Gartner in 2001.

Volume

As its name suggests, the most common characteristic associated with big data is
its high volume. This describes the enormous amount of data that is available for
collection and produced from a variety of sources and devices on a continuous
basis.

Velocity

Big data velocity refers to the speed at which data is generated. Today, data is often
produced in real time or near real time, and therefore, it must also be processed,
accessed, and analyzed at the same rate to have any meaningful impact.

Variety

Data is heterogeneous, meaning it can come from many different sources and can
be structured, unstructured, or semi-structured. More traditional structured data
(such as data in spreadsheets or relational databases) is now supplemented by
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unstructured text, images, audio, video files, or semi-structured formats like sensor
data that can’t be organized in a fixed data schema.

In addition to these three original Vs, three others that are often mentioned in
relation to harnessing the power of big data: veracity, variability, and value.

« Veracity: Big data can be messy, noisy, and error-prone, which makes it
difficult to control the quality and accuracy of the data. Large datasets can
be unwieldy and confusing, while smaller datasets could present an
incomplete picture. The higher the veracity of the data, the more
trustworthy it is.

« Variability: The meaning of collected data is constantly changing, which
can lead to inconsistency over time. These shifts include not only changes
in context and interpretation but also data collection methods based on
the information that companies want to capture and analyze.

« Value: It's essential to determine the business value of the data you
collect. Big data must contain the right data and then be effectively
analyzed in order to yield insights that can help drive decision-making.

Big Data Works

The central concept of big data is that the more visibility you have into anything,
the more effectively you can gain insights to make better decisions, uncover
growth opportunities, and improve your business model.

Making big data work requires three main actions:

- Integration: Big data collects terabytes, and sometimes even petabytes, of
raw data from many sources that must be received, processed, and
transformed into the format that business users and analysts need to start
analyzing it.
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« Management: Big data needs big storage, whether in the cloud, on-
premises, or both. Data must also be stored in whatever form required. It
also needs to be processed and made available in real time. Increasingly,
companies are turning to cloud solutions to take advantage of the
unlimited compute and scalability.

« Analysis: The final step is analyzing and acting on big data—otherwise, the
investment won't be worth it. Beyond exploring the data itself, it's also
critical to communicate and share insights across the business in a way
that everyone can understand. This includes using tools to create data
visualizations like charts, graphs, and dashboards.

> Benefits And Uses of Data Science and Big Data

Data science and big data are used almost everywhere in both commercial and
noncommercial settings. The number of use cases is vast, and the examples

we'll provide throughout this book only scratch the surface of the possibilities.

Commercial companies in almost every industry use data science and big data
to gain insights into their customers, processes, staff, completion, and products.
Many companies use data science to offer customers a better user experience,
as well as to cross-sell, up-sell, and personalize their offerings. A good example
of this is Google AdSense, which collects data from internet users so relevant
commercial messages can be matched to the person browsing the internet.

MaxPoint (http://maxpoint.com/us) is another example of real-time personalized

advertising. Human resource professionals use people analytics and text mining
to screen candidates, monitor the mood of employees, and study informal

networks among coworkers.
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Governmental organizations are also aware of data’s value. Many governmental
organizations not only rely on internal data scientists to discover valuable
information, but also share their data with the public. You can use this data to
gain insights or build data-driven applications. Data.gov is but one example; it's
the home of the US Government’s open data. A data scientist in a governmental
organization gets to work on diverse projects such as detecting fraud and other
criminal activity or optimizing project funding. A well-known example was
provided by Edward Snowden, who leaked internal documents of the American
National Security Agency and the British Government Communications
Headquarters that show clearly how they used data science and big data to
monitor millions of individuals. Those organizations collected 5 billion data
records from widespread applications such as Google Maps, Angry Birds, email,
and text messages, among many other data sources. Then they applied data

science techniques to distill information.

Nongovernmental organizations (NGOs) are also no strangers to using data.
They use it to raise money and defend their causes. The World Wildlife Fund
(WWEF), for instance, employs data scientists to increase the effectiveness of
their fundraising efforts. Many data scientists devote part of their time to helping
NGOs, because NGOs often lack the resources to collect data and employ data
scientists. DataKind is one such data scientist group that devotes its time to the

benefit of mankind.

Universities use data science in their research but also to enhance the study
experience of their students. The rise of massive open online courses (MOOC)
produces a lot of data, which allows universities to study how this type of
learning can complement traditional classes. MOOCs are an invaluable asset if
you want to become a data scientist and big data professional, so definitely look

at a few of the better-known ones: Coursera, Udacity, and edX. The big data and
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data science landscape changes quickly, and MOOCs allow you to stay up to
date by following courses from top universities. If you aren't acquainted with

them yet, take time to do so now; you'll come to love them as we have.

» Facets of data

In data science and big data you'll come across many different types of data, and
each of them tends to require different tools and techniques. The main

categories of data are these:

o Structured

« Unstructured

« Natural language

« Machine-generated

o Graph-based

« Audio, video, and images

« Streaming

Let's explore all these interesting data types.

1.2.1. Structured data

Structured data is data that depends on a data model and resides in a fixed field
within a record. As such, it's often easy to store structured data in tables within
databases or Excel file. SQL, or Structured Query Language, is the preferred way
to manage and query data that resides in databases. You may also come across
structured data that might give you a hard time storing it in a traditional relational

database. Hierarchical data such as a family tree is one such example.
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An Excel table is an example of structured data.

Indicator ID |Dimension List

214390830 [Total (Age-adjusted)

'214390833 Aged 18-44 years

214390831 Aged 18-24 years

Aged 25-44 years

214390836 |Aged 45-64 years

214390834 |(Aged 45-54 years

214390835 |Aged 55-64 years

Aged 65 years and over

Aged 65-74 years

Aged 75-84 years

Aged 85 years and over

13 |214350841 |Mmale (Age-adjusted)

141214390842 |Female (Age-adjusted)

15]214390843 |White only (Age-adjusted)

16 |214390844 |Black or African American only (Age-adjusted)
17 |214390845 |American Indian or Alaska Native only (Age-adjusted)
18214390846 |Asian only (Age-adjusted)

W N WV WN -
oS e B
%

e
ati

201214350848 |2 or more races (Age-adiusted)

19 '214390867 Native Hawailan or Other Pacific Islander only (Age-adjusted)

Timeframe Numeric Value Missing Value Flag Confidence Int¢
v,

2008 74.6% 73.8%
"2008 59.4% 58.0%
"2008 37.4% 34.6%
"008 66.9% 65.5%
"2008 88.6% 87.7%
2008 86.3% 85.1%
"2008 91.5% 90.4%
"2008 94.6% 93.8%
"2008 93.6% 92.4%
"2008 95.6% 94.4%
"2008 96.0% 54.0%
"2008 72.2% 71.1%
"2008 76.5% 75.9%
"2008 73.8% 72.9%
"2008 77.0% 75.0%
2008 66.5% 57.1%
"2008 20.5% 77.7%
"2008 DSU

"2008 75.6% 69.6%

The world isn't made up of structured data, though; it's imposed upon it by

humans and machines. More often, data comes unstructured.

1.2.2. Unstructured data

Unstructured data is data that isn’t easy to fit into a data model because the

content is context-specific or varying. One example of unstructured data is your

regular email. Although email contains structured elements such as the sender,

title, and body text, it's a challenge to find the number of people who have written

an email complaint about a specific employee because so many ways exist to

refer to a person, for example. The thousands of different languages and dialects

out there further complicate this.
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Delete Move Spam

New team of Ul engineers

CDA@engineer.com

To xyz@progra

An investment banking client of mine has had the go ahead to build a new team of Ul engineers to work on
various areas of a cutting-edge single-dealer trading platform.

They will be recruiting at all levels and paying between 40k & 85k (+ all the usual benefits of the banking
world). | understand you may not be looking. | also understand you may be a contractor. Of the last 3 hires
they brought into the team, two were contractors of 10 years who | honestly thought would never turn to
what they considered “the dark side.”

This is a genuine opportunity to work in an environment that's built up for best in industry and allows you to
gain commercial experience with all the latest tools, tech, and processes.

There is more information below. | appreciate the spec is rather loose — They are not looking for specialists
in Angular / Node / Backbone or any of the other buzz words in particular, rather an “engineer” who can
wear many hats and is in touch with current tech & tinkers in their own time.

For more information and a confidential chat, please drop me a reply email. Appreciate you may not have
an updated CV, but if you do that would be handy to have a look through if you don't mind sending.

Reply Reply to All Forward

Email is simultaneously an example of unstructured data and natural language
data.

A human-written email, as shown in above, is also a perfect example of natural
language data.

1.2.3. Natural language

Natural language is a special type of unstructured data; it's challenging to

process because it requires knowledge of specific data science techniques and

linguistics.

The natural language processing community has had success in entity
recognition, topic recognition, summarization, text completion, and sentiment

analysis, but models trained in one domain don’t generalize well to other
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domains. Even state-of-the-art techniques aren’t able to decipher the meaning of
every piece of text. This shouldn’t be a surprise though: humans struggle with
natural language as well. It's ambiguous by nature. The concept of meaning itself
is questionable here. Have two people listen to the same conversation. Will they
get the same meaning? The meaning of the same words can vary when coming

from someone upset or joyous.

1.2.4. Machine-generated data

Machine-generated data is information that's automatically created by a
computer, process, application, or other machine without human intervention.
Machine-generated data is becoming a major data resource and will continue to
do so. Wikibon has forecast that the market value of the industrial Internet will be
approximately $540 billion in 2020. IDC (International Data Corporation) has
estimated there will be 26 times more connected things than people in 2020.

This network is commonly referred to as the internet of things.

Examples of machine data are web server logs, call detail records, network event

logs, and telemetry.

Example of machine-generated data
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CSIPERF:TXCOMMIT;313236

2014-11-28 11:36:13, Info CSI 00000153 Creating NT transaction (seq
€9), objectname [6]"(null)"™

2014-11-28 11:36:13, Info CSI 00000154 Created NT transaction (seq €9)
result 0x00000000, handle @0x4eS4

2014-11-28 11:36:13, Info CSI 0000015502014/11/28:10:36:13.471
Beginning NT transaction commic...

2014-11-28 11:36:13, Info CSsI 00000156@2014/11/28:10:36:13.705 CSI pers
trace:

CSIPERF:TXCOMMIT ;273983

2014-11-28 11:36:13, Info CSI 00000157 Creating NT transaction (seq
70), objectname [€]"(null)"™

2014-11-28 11:36:13, Info CsI 00000158 Created NT transaction (seqg 70)
result 0x00000000, handle @0x4eSc

2014-11-28 11:36:13, Info CsI 00000159@2014/11/28:10:36:13.764
Beginning NT transaction commit...

2014-11-28 11:36:14, Info CSI 0000015a02014/11/28:10:36:14.094 CSI pers
Trace:

CSIPERF:TXCOMMIT ;386259

2014~11~28 11:36:14, Info CSI 0000015k Creating NT transaction (seq
71), objectname [6)" (null)"™

2014~-11-28 11:36:14, Info CSI 0000015¢c Created NT transaction (seq 71)
result 0x00000000, handle @0x4eSc

2014-11-28 11:36:14, Info Cs1 00000154@2014/11/28:10:36:14.108
Beginning NT transaction commit...

2014-11-28 11:36:14, Info CSI 0000015e82014/11/28:10:36:14.428 CSI per?
trace:

CSIPERF:TXCOMMIT ;375881

The machine data shown in would fit nicely in a classic table-structured
database. This isn’t the best approach for highly interconnected or “networked”

data, where the relationships between entities have a valuable role to play.

1.2.5. Graph-based or network data

“Graph data” can be a confusing term because any data can be shown in a graph.
“Graph” in this case points to mathematical graph theory. In graph theory, a graph
is a mathematical structure to model pair-wise relationships between objects.
Graph or network data is, in short, data that focuses on the relationship or
adjacency of objects. The graph structures use nodes, edges, and properties to
represent and store graphical data. Graph-based data is a natural way to
represent social networks, and its structure allows you to calculate specific
metrics such as the influence of a person and the shortest path between two

people.

Examples of graph-based data can be found on many social media websites. For

instance, on LinkedIn you can see who you know at which company. Your

PV V Durga PraSad Department of Computer Science
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follower list on Twitter is another example of graph-based data. The power and
sophistication comes from multiple, overlapping graphs of the same nodes. For
example, imagine the connecting edges here to show “friends” on Facebook.
Imagine another graph with the same people which connects business
colleagues via LinkedIn. Imagine a third graph based on movie interests on
Netflix. Overlapping the three different-looking graphs makes more interesting

questions possible.

Friends in a social network are an example of graph-based data.
o
Graph databases are used to store graph-based data and are queried with

specialized query languages such as SPARQL.

Graph data poses its challenges, but for a computer interpreting additive and
image data, it can be even more difficult.

1.2.6. Audio, image, and video

Audio, image, and video are data types that pose specific challenges to a data

scientist. Tasks that are trivial for humans, such as recognizing objects in

pictures, turn out to be challenging for computers. MLBAM (Major League
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Baseball Advanced Media) announced in 2014 that they’ll increase video capture
to approximately 7 TB per game for the purpose of live, in-game analytics. High-
speed cameras at stadiums will capture ball and athlete movements to calculate

in real time, for example, the path taken by a defender relative to two baselines.

Recently a company called DeepMind succeeded at creating an algorithm that’s
capable of learning how to play video games. This algorithm takes the video
screen as input and learns to interpret everything via a complex process of deep
learning. It's a remarkable feat that prompted Google to buy the company for
their own Artificial Intelligence (Al) development plans. The learning algorithm

takes in data as it's produced by the computer game; it's streaming data.

1.2.7. Streaming data

While streaming data can take almost any of the previous forms, it has an extra
property. The data flows into the system when an event happens instead of being
loaded into a data store in a batch. Although this isn’t really a different type of

data, we treat it here as such because you need to adapt your process to deal

with this type of information.

Examples are the “What’s trending” on Twitter, live sporting or music events, and

the stock market.

The data science process typically consists of six steps, as you can see in the

mind map in below.

The data science process
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[ Data science process ]

—[ 1: Setting the research goal ]w

—{ 2: Retrieving data ]4

—[ 3: Data preparation ] ;

—[ 4: Data exploration J—,
—{ 5: Data modeling ] C

—[ 6: Presentation and automation ] ¥

1.3.1. Setting the research goal

Data science is mostly applied in the context of an organization. When the
business asks you to perform a data science project, you'll first prepare a project
charter. This charter contains information such as what you're going to research,
how the company benefits from that, what data and resources you need, a
timetable, and deliverables. Throughout this book, the data science process will
be applied to bigger case studies and you'll get an idea of different possible

research goals.

1.3.2. Retrieving data

The second step is to collect data. You've stated in the project charter which data
you need and where you can find it. In this step you ensure that you can use the
data in your program, which means checking the existence of, quality, and
access to the data. Data can also be delivered by third-party companies and
takes many forms ranging from Excel spreadsheets to different types of

databases.

1.3.3. Data preparation
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Data collection is an error-prone process; in this phase you enhance the quality of
the data and prepare it for use in subsequent steps. This phase consists of three
subphases: data cleansing removes false values from a data source and
inconsistencies across data sources, data integration enriches data sources by
combining information from multiple data sources, and data

transformation ensures that the data is in a suitable format for use in your

models.

1.3.4. Data exploration

Data exploration is concerned with building a deeper understanding of your data.
You try to understand how variables interact with each other, the distribution of
the data, and whether there are outliers. To achieve this you mainly use
descriptive statistics, visual techniques, and simple modeling. This step often

goes by the abbreviation EDA, for Exploratory Data Analysis.

1.3.5. Data modeling or model building

In this phase you use models, domain knowledge, and insights about the data
you found in the previous steps to answer the research question. You select a
technique from the fields of statistics, machine learning, operations research,
and so on. Building a model is an iterative process that involves selecting the

variables for the model, executing the model, and model diagnostics.

1.3.6. Presentation and automation

Finally, you present the results to your business. These results can take many
forms, ranging from presentations to research reports. Sometimes you’ll need to
automate the execution of the process because the business will want to use the
insights you gained in another project or enable an operational process to use

the outcome from your model.

P V V Durga PraSad Department of Computer Science

Page18




INTRODUCTION TO DATASCIENCE AND R PROGRAMMING

L=
Lo

r
R Programming Language

R is an open-source programming language that is widely used as a statistical
software and data analysis tool. R generally comes with the Command-line
interface. R is available across widely used platforms like Windows, Linux, and
macO0S. Also, the R programming language is the latest cutting-edge tool.

It was designed by Ross lhaka and Robert Gentleman at the University of
Auckland, New Zealand, and is currently being developed by the R Development
Core Team.

R programming language is an implementation of the S programming language.
It also combines with lexical scoping semantics inspired by Scheme. Moreover,
the project was conceived in 1992, with an initial version released in 1995 and a
stable beta version in 2000.

Free
Installation
Vast Hottest
Community Trend
Why
R?
Platform Ir.ltegrate
With Other
Independent
Languages
Latest
Cutting Edge
Technology

R Programming Language

R programming is used as a leading tool for machine learning, statistics, and data
analysis. Objects, functions, and packages can easily be created by R.
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It's a platform-independent language. This means it can be applied to all operating
systems.

It's an open-source free language. That means anyone can install it in any
organization without purchasing a license.

R programming language is not only a statistic package but also allows us to
integrate with other languages (C, C++). Thus, you can easily interact with many
data sources and statistical packages.

The R programming language has a vast community of users and it's growing day
by day.

R is currently one of the most requested programming languages in the Data
Science job market which makes it the hottest trend nowadays

Using inR

Statistical Analysis: R is designed for analysis and It provides an extensive
collection of graphical and statistical techniques, By making a preferred choice for
statisticians and data analysts.

Open Source: R is an open — source software, which means it is freely available to
anyone. It can be accessble by a vibrant community of users and developers.

Data Visulaization : R boasts an array of libraries like ggplot2 that enable the
creation of high-quality, customizable data visualizations.

Data Manipulation : R offers tools that are for data manipulation and
transformation. For example: IT simplifies the process of filtering , summarizing
and transforming data.

Integration : R can be easily integrate with other programming languages and data
sources. IT has connectors to various databases and can be used in conjunction
with python, SQL and other tools.

C