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MODULE 1

What is Big Data?




What is Big Data? :

 Massive sets of unstructured/semi-structured data from Web traffic,
social media, sensors, etc
« Petabytes, exabytes of data
* Volumes too great for typical DBMS
 Information from multiple internal and external sources:
* Transactions
« Social media
* Enterprise content
» Sensors
 Mobile devices

* |n the last minute there were .......

204 million emails sent 100,000 tweets
61,000 hours of music * 6 million views and 277,000 Facebook Logins
listened to on Pandora * 2+ million Google searches

20 million photo views * 3 million uploads on Flickr



What is Big Data? continued

« Companies leverage data to adapt products and
services to:
* Meet customer needs
* Optimize operations
* Optimize infrastructure
* Find new sources of revenue
« Can reveal more patterns and anomalies

* IBM estimates that by 2015 4.4 million jobs will be
created globally to support big data
* 1.9 million of these jobs will be in the United States

P



Where does Big Data come from?

Email

Enterprise Partner, Employee Transactions

“Dark Data” Customer, Supplier

Contracts Monitoring

Public Commercial

Sensor
Credit

Weather Industry

Population Social Media Sentiment

Economic
Network




Types of Data




The amount The types

of data of data
The 4 V’s
of
The Big Data

frequency of The quality
data of data




Volume: scalée

Unit

bit (b)

byte (B)
kilobyte (KB)
megabyte (MB)
gigabyte (GB)
terabyte (TB)
petabyte (PB)
exabyte (EB)
zettabyte (ZB)
yottabyte (YB)

Value

Oor1l

8 bits

1000* bytes
1000%bytes
1000° bytes
1000* bytes
1000° bytes
1000°bytes
1000 bytes

1000%bytes

Size

1/8 of a byte

1 byte

1,000 bytes

1,000,000 bytes G
Q

hatoep

1,000,000.000 bytes

1,000,000,000,000 bytes
1,000,000,000,000,000 bytes
1,000,000,000,000,000,000 bytes
1,000,000,000,000,000,000,000 bytes

1,000,000,000,000,000,000,000,000 bytes

U.S. National Library of Medicine

National Network of Libraries of Medicine
Pacific Northwest Region



Volume: scale of data

» 90% of today’s data has been created in just the last 2
years

» Every day we create 2.5 quintillion bytes of data or
enough to fill 10 million Blu-ray discs

» 40 zettabytes (4o trillion gigabytes) of data will be
created by 2020, an increase of 300 times from 2005,
and the equivalent of 5,200 gigabytes of data for every
man, woman and child on Earth

» Most companies in the US have over 100 terabytes
(100,000 gigabytes) of data stored




Variety: different forms of data
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Velocity: analysis of streaming data




Veracity: trustworthiness of data

» Origin
» Authenticity
» Trustworthiness [

» Completeness
» Integrity



Value

Volume Variety

The amount The types

of data of data
The 4 V’'s

Velocity of

The Big Data Veracity
frequency of The quality
data of data
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Some Make it 4V’s

Data at Rest

Terabytes to
exabytes of existing
data to process

Data in Motion

Streaming data,
milliseconds to
seconds to respond

Data in Many
Forms

Structured,
unstructured, text,
multimedia

Data in Doubt

Uncertainty due to
data inconsistency
& incompleteness,
ambiguities, latency,
deception, model
approximations
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Harnessing Big Data

f£is
W Ty,
Q  Yon
[~ | ‘& o Real Time Analytic
- w-, 0 Processing (RTAP) to
v improve business response
A o
¢ Dataat ©
o rest /
Q Analysis of current data o/
to improve business Stream >
Reporting and human transactions Computing “ 2010
analysis on historical
data Data
Operational Warehousing 2000
Databases
1983 1990
1968 ot RTAP
Hierarchical :e:atl;onal
database e OLAP
st QLTP

» OLTP: Online Transaction Processing (DBMSs)
» OLAP: Online Analytical Processing (Data Warehousing)
» RTAP: Real-Time Analytics Processing (Big Data Architecture & technology)




The Model Has Changed...

» The Model of Generating/Consuming Data has Changed

Old Model: Few companies are generating data, all others are consuming data
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What'’s driving Big Data

- Optimizations and predictive analytics
- Complex statistical analysis

- All types of data, and many sources

- Very large datasets

- More of a real-time

HIGH

Predictive Analytics
and Data Mining

COMPLEXITY

Business
Intelligence

- Ad-hoc querying and reporting
- Data mining techniques

- Structured data, typical sources
- Small to mid-size datasets

oW BUSINESSVALUE L
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Bl Reporting
OLAP &
Dataware house

Business Objects, SAS,
Informatica, Cognos other SQL
Reporting Tools

Interactive Business

Intelligence & Big Data:

In-memory RDBMS K Real Time &

" Single View
QligView, Tableau, HANA

Graph Databases
Big Data:

Batch Processing &

Distributed Data Store
Hadoop/Spark; HBase/Cassandra




Types of Data

* When collecting or gathering data we collect data from
individuals cases on particular variables.

e A variable is a unit of data collection whose value can vary.

e Variables can be defined into types according to the level of
mathematical scaling that can be carried out on the data.

e There are four types of data or levels of measurement:

1. Categorical (Nominal) | 2. Ordinal

3. Interval 4. Ratio




Categorical (Nominal) data

e Nominal or categorical data is data that comprises of categories that cannot be
rank ordered — each category is just different.

* The categories available cannot be placed in any order and no judgement can be
made about the relative size or distance from one category to another.

» Categories bear no quantitative relationship to one another
» Examples:
- customer’s location (America, Europe, Asia)
- employee classification (manager, supervisor,
associate)

e What does this mean? No mathematical operations can be performed on the data
relative to each other.

eTherefore, nominal data reflect qualitative differences rather than quantitative
ones.




Nominal data

Examples:
What is your gender? Did you enjoy the
(please tick) film? (please tick)
Male Yes
Female No

eSystems for measuring nominal data must ensure that each
category is mutually exclusive and the system of measurement
needs to be exhaustive.

*Exhaustive: the system of categories system should have
enough categories for all the observations

« Variables that have only two responses i.e. Yes or No, are
kKnown as dichotomies.



How satisfied are you with the level of

service you have received? (please tick)
Example:

Very satisfied

Somewhat satisfied

Neutral

Somewhat dissatisfied

Very dissatisfied

e Ordinal data is data that comprises of categories that can be rank ordered.

e Similarly with nominal data the distance between each category cannot be
calculated but the categories can be ranked above or below each other.

» No fixed units of measurement
» Examples:
- college football rankings
- survey responses
(poor, average, good, very good, excellent)

e What does this mean? Can make statistical judgements and perform limited
maths.



Interval and ratio data

e Both interval and ratio data are examples of scale data.
e Scale data:
e data is in numeric format ($50, $100, $150)
edata that can be measured on a continuous scale
* the distance between each can be observed and as a result measured

e the data can be placed in rank order.




Interval data

Ordinal data but with constant differences
between observations

Ratios are not meaningful
Examples:

*Time — moves along a continuous measure or

seconds, minutes and so on and is without a zero
point of time.

 Temperature — moves along a continuous measure
of degrees and is without a true zero.

*SAT scores




Ratio data

+ Ratio data measured on a continuous scale and does
have a natural zero point.

» Ratios are meaningful
» Examples:

 monthly sales
« delivery times
Weight

Height

« Age




Data for Business Analytics

(continued)
Classifying Data Elements in a Purchasing Database

A B (3 D E E G H 3
1 |Purchase Orders
2
3 Supplier Order No Item No. Item Description  Item Cost Quantity Cost per order A/P Terms (Month: Order Date Arrival Date
4 | Spacetime Technologies  AD111 6489 O-Ring $ 300 900§ 2,700 00 25 101011 10/18M11
5 Steelpin Inc AD115 5319  Shielded Cable/ft. $ 110 17,500 $ 1925000 30 08/20/11 08/31/11
6 Steelpin Inc. AD123 4312  Bolt-nut package $§ 375 4250 § 1593750 30 08/25/11 09/01/11
7 |Steelpin Inc. AD204 5319 Shielded Cable/ft. $ 1.10 16,500 § 18,150.00 30 09/15/11 10/05/11
8 | Sleelpin Inc. AD205 5677  Side Panel $195 00 120 $ 23,400.00 30 11/02/11 11/13/11
9 Steelpin Inc ADZO7 4312  Bolt-nut package $ 375 4200 % 1575000 30 09/01/11 09/10/11
10 Alum Sheeting ADZ23 4224  Baolt-nut package § 395 4500 § 1777500 30 10/15/11 10/20/11
11 Alum Sheeting AD433 5417  Control Panel $255 .00 500 $ 12750000 30 10/20/11 10/27/11
12 |Alum Sheeting AD443 1243  Airframe fastenars $ 425 10,000 $ 4250000 30 08/08/11 08/14/11
13 | Alum Sheeting AD446 5417  Control Panel $255 00 406 $ 10353000 30 09/01/11 09/10/11
14 Spacetime Technologies  AD533 9752  Gaskst $ 405 1,500 $ 607500 25 09/20/11 09/25/11
15 Spacetin@ecnnnlogles C9555 29 O-Ring $ j&) 1,100 ¢ 3,300.00 25 195;11 gﬂ]xﬂ
e 0 oy % 9B, B, B, % %
% 9 G &, B H B B .
RN N Y ¥

/ /
OG/ 09/ OG/ o@/

If there was field (column) for Supplier Rating (Excellent, Good, Acceptable, Bad),

that data would be classified as Ordinal

1-28



Big Data Ci

antity of data
edia, behavioral, video

VELOCITY

Gartner, Feb 2001



o Data characteristic is the
;sue for your organization?

Variety of
data

Volume of 48%
data
35%

orm Big Data, Gartner Webinar, May 2012




Volume

40 ZETTABYTES It's estimated that
[ 43 TRILLION GIGABYTES | 2.5 QUINTILLION BYTES
of data will be created by s olume

2020, an increase of 300 2“20 of data are created each,

times from 2005 ¢ ijeta by’[eS )
“IIE..““

xabytes of data
= 6 BILLION _ﬂ_y olumes too
PEOPLE
have cell
: phones

3 @at for typical

Most companies in the
U.S. have at least

100 TERABYTES

[ 100,000 GIGABYTES |
of data stored

WORLD POPULATION: 7 BILLION




Vol

E OH s M~

Il&ﬂﬁ nﬂt:lﬁﬁd

Managerial Exact To Put It in Perspective
Definition | Amount
1 Terabyte | One trillion i bytes | Printed collection of the Library of Congress =
(TB) bytes 20 TB
1 Petabyte | One ¢ g bytes
(PB) quadrillion
bytes
1 Exabyte | One s bytes
(EB) quintillion
bytes
1 One sextillion | 2 bytes | Amount of data consumed by U.5. households
Zettabyte | bytes in2008=36ZB
(ZB)

Megabyte: 220 bytes or, loosely,
one million bytes

Gigabyte: 230 bytes or, loosely one
billion bytes



Velocity

Modern cars haue.c!ufse\éeIOCity

The New York Stock Exchange 7z e 100 SENSORS M .
captures - *iassive
1TB OF TRADE ﬁ (- @: that monitor items such as amount of

INFORMATION = fuel level and tire pressure

during each trading session Streaming data

Velocity

ANALYSIS OF
STREAMING DATA
By 20186, it is projected
there will be
18.9 BILLION
NETWORK

CONNECTIONS

YYYYYYYYYYY
amszsomers QAR PG RRRR R E




Variety :

Variety
* Massive sets of

As of 2011, the global size of By 2014, its antichRStructured/se
data in healthcare was there will be m| Stru CtU red

estimated to be
- 420 MILLION
150 EXABYTES WEARABLE, mﬁ'ﬁl%sfrom Web

[ 161 BILLION GIGABYTES | 4EALTH moniTtraffic, social
media, sensors,

‘ fand'so on
HOURS OF VIDEO

are watched on
YouTube each maonth

You ‘

30 BILLION
PIECES OF CONTENT

are shared on Facebook
every month

400 MILLION TWEETS

are sent per day by about 200
million manthly active users




Big Data Challenges

UNSTRUCTURED
STRUCTURED
HIGH
MEDIUM
LOW
Archives Docs
| Archives
- Scanned documents, statements,
medical records, e-mails etc..
- Docs
—— | XLS, PDF, CSV, HTML, JSON etc.
(] Business Apps
f1=!  CRM, ERP systems, HR, project
*1=)  management etc.

H_ -

Media Social Public Data Machine Sensor

Networks Web Storages Log Data Data
B complexity [ velocity [ variety [ Volume

Media < Data Storages

Images, video, audio etc. o __=++| RDBMS, NoSQL, Hadoop, file systems
&%) pic,

Social Networks f,f Machine Log Data

Twitter, Facebook, Google+, HH.I] Application logs, event logs, server

Linkedln etc. [ data, CDRs, clickstream data etc.

Public Web Sensor Data

Wikipedia, news, weather, public @ Smart electric meters, medical

finance etc devices, car sensors, road cameras



What is Structured Data?

>

usually resides in relational databases
(RDBMS). Fields store length-delineated data phone
numbers, Social Security numbers, or ZIP codes.

Even text strings of variable length like names are
contained in records, making it a simple matter to search.

Data may be human- or machine-generated as long as the
data is created within an RDBMS structure.

This format is eminently searchable both with human
generated queries and via algorithms using type of data
and field names, such as alphabetical or numeric, currency
or date.

Common relational database applications with structured
data include airline reservation systems, inventory control,
sales transactions, and ATM activity.

Structured Query Language (SQL) enables queries on this
Re of structured data within relational databases.
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What is Unstructured Data?

Unstructured data is essentially everything else.

Unstructured data has internal structure but is not structured via pre-defined data models or
schema.

It may be textual or non-textual, and human- or machine-generated. It may also be stored
within a non-relational database like NoSQL.

Unstructured data, in contrast, refers to data that doesn’t fit neatly into the traditional row
and column structure of relational databases.

Examples of unstructured data include: emails, videos, audio files, web pages, and social
media messages.

In today’s world of Big Data, most of the data that is created is unstructured with some
estimates of it being more than 95% of all data generated.

As a result, enterprises are looking to this new generation of databases, known as NoSQL, to
address unstructured data.

MongoDB stands as a leader in this movement with over 10 million downloads and hundreds
of thousands of deployments.

As a document database with flexible schema, MongoDB was built specifically to handle
unstructured data.

37



Un Structured data

>

Unstructured data, in contrast, refers to data that doesn’t fit neatly into the
traditional row and column structure of relational databases.

Examples of unstructured data include: emails, videos, audio files, web
pages, and social media messages.

In today’s world of Big Data, most of the data that is created is unstructured
with some estimates of it being more than 95% of all data generated.

As a result, enterprises are looking to this new generation of databases,
known as NoSQL, to address unstructured data.

MongoDB stands as a leader in this movement with over 10 million
downloads and hundreds of thousands of deployments.

As a document database with flexible schema, MongoDB was built
specifically to handle unstructured data.

MongoDB’s flexible data model allows for development without a
sxadefined schema which resonates particularly when most of the data in
ou \Yv aynstructured.

38
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Contd..

» Typical human-generated unstructured data includes:
o Text files: Word processing, spreadsheets, presentations, email, logs.

o Email: Email has some internal structure thanks to its metadata, and we
sometimes refer to it as semi-structured. However, its message field is
unstructured and traditional analytics tools cannot parse it.

> Social Media: Data from Facebook, Twitter, LinkedIn.

> Website: YouTube, Instagram, photo sharing sites.

° Mobile data: Text messages, locations.

o Communications: Chat, IM, phone recordings, collaboration software.
° Media: MP3, digital photos, audio and video files.

> Business applications: MS Office documents, productivity applications.
o Typical machine-generated unstructured data includes:

» Satellite imagery: Weather data, land forms, military movements.

» Scientific data: Oil and gas exploration, space exploration, seismic
imagery, atmospheric data.

39



What is Semi-structured data ?

» Semi-structured data maintains internal tags and markings that
identify separate data elements, which enables information grouping
and hierarchies.

» Both documents and databases can be semi-structured.

» This type of data only represents about 5-10% of the structured/semi-
structured/unstructured data pie, but has critical business usage cases.

» Email is a very common example of a semi-structured data type.

» Although more advanced analysis tools are necessary for thread
tracking, near-dedupe, and concept searching; email’s native metadata
enables classification and keyword searching without any additional
tools.

» Email is a huge use case, but most semi-structured development
centers on easing data transport issues.

Sharing sensor data is a growing use case, as are Web-based data
TaRlQg and transport: electronic data mterchange (EDI), many social
ia plove document markup languages, and NoSQL databases.
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Examples of Semi-structured Data

Markup language XML

» This is a semi-structured document language. XML is a set of
document encoding rules that defines a human- and machine-
readable format.

Open standard JSON (JavaScript Object Notation)

» JSON is another semi-structured data interchange format. Java is
implicit in the name but other C-like programming languages recognize
it.

» Its structure consists of name/value pairs (or object, hash table, etc.)
and an ordered value list (or array, sequence, list). Since the structure
is interchangeable among languages, JSON excels at transmitting data
between web applications and servers.

NoSQL

» Semi-structured data is also an important element of many NoSQL
(“not only SQL”) databases.

» NoSQL databases differ from relational databases because they do not
separate the organization (schema) from the data.

Th|s makes NoSQL a better choice to store information that does not
Tyl |nto the record and table format, such as text with varying

41



Relational Reference Architecture

Data Sources
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Non-Relational Reference Architecture

Data Sources Integration Data Storages Analytics
3 &
S & F 4
s NosQL Query &
Structured ETL Databacas Reporting
=] =
o 5
Semi :
Structured Messaging Diﬂ:yt;‘t]::_ldsnle Map Reduce
ps S
Unstructured APL Search Engines
Advanced
Analytics

Key components introduced with non-relational movement

Presentation

‘oog
ooo

Web

Browsers

B

Native
Desktop

Web Services
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Data Environment

Big Data

Data
Warehouse

44



Difference between Big Data and Data
Warehouse

Data Warehousing is one of the common words for last
10-20 years,

whereas Big Data is a hot trend for last 5-10 years.
Both of them hold a lot of data, used for reporting,
managed by an electronic storage device. So one

common thought of maximum people that recent big
data will replace old data warehousing very soon.

But still, big data and data warehousing is not
interchangeable as they used totally for a different
purpose.

45




Data Warehouse vs Big Data




#1. Meaning

DATA WAREHOUSE

Data Warehouse is mainly an architecture
not a technology. It extracting data from
varieties SQL based data source (mainly

relational data base) and help for
generating analytic reports. In terms of

definition, data repository, which
using for any analytic reports, has been
generated from one process, which is

nothing but the data warehouse.

&

Big Data is mainly a technology, which
stands on volume, velocity, and variety of
the data. Volumes defines the amount of

data coming from different sources,
velocity refers to the speed of data
processing, and varieties refers to the
number of types of data (mainly support all
type of data format).




#2. Preferences

DATA WAREHOUSE BIG DATA

If organization wants to know some
informed decision (like what is going on in
their corporation, next year planning based
on current year performance data
etc), they prefer to choose data
warehousing, as for this kind of report they
need reliable or believable data from the
sources.

If organization need to compare with lot of
big data, which contain valuable
information and help them to take better
decision (like how to lead more
revenue, more profitability, more customers
etc), they obviously preferred Big
Data approach.




#3. Accepted Data Source

DATA WAREHOUSE

Accepted one or more homogeneous (all
sites use the same DEMS product) or
heterogeneous (sites may run different
DBMS product) data sources.

BIG DATA

Accepted any kind of sources, including
business transactions, social media, and
information from sensor or machine
specific data. It can come from DBMS
product or not.

DATA WAREHOUSE

Handle mainly structural data (specifically
relational data).

EEEEETsAEETEr T RS R R e

BIG DATA

Accepted all types of formats. Structure
data, relational data, and unstructured
data including text documents, email,
video, audio, stock ticker data and
financial transaction.




#5. Subject Oriented

- R e .

DATA WAREHOUSE BIG DATA

Big Data is also subject oriented, main
different is source of data, as big data
can accept and process data from all the
sources including social media, sensor
ar machine specific data. It also main
on provide exact analysis on data
specifically on subject ariented.

Data warehouse is subject oriented,
because it actually provides information on
specific subject (like product, customers,
suppliers, sales, revenue etc) not
on organization ongoing operation. It not
focus on ongoing operation, it mMainly
focus on analysis or displayving data which
help on decision making.

#6. Time Variant

-5

DATA WAREHOUSE BIG DATA

=
@)

he data collected Iin a data warehouse is Big Data hawve |ot of approach to identified

actually identitied by a particular time already loaded data, time period is one
pericd. As it mainly hold historical data for of the approach on iL_ As Big data mainly

‘:”-h:_w.r.fn[-_al report. processing flat files, so archive
with date and tirme will be the best

appreoach to identify lcaded data. But it
hawve option to work with streaming data,

=0 It not always holding historical data




#7. Non-volatile

DATA WAREHOUSE

BIG DATA

Previous data never erase when new data
added to it, This is one of the major feature
of data warehouse. As it totally different
from operational database, so any
changes on operational database will not
directly impact to data warehouse.

For Big data, again previous data never
erase when new data added to jt. It stored
as file which represent as table, But here
sometime in case of streaming
directly use Hive or Spark as operation
environment:

|
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H8. Dlstrlbuted File System

Processing of huge data in Data This is one of the big utility of Big Data
Warehousing is really time consuming and ; HDES "—|-—.-J cop Chistributed File System)
sometime it taken entire day for complete | mainly defined to load huge data In

the process. ' distrilbw h—m! systems by using Mmap reduce
program







Which source of data represents the
most immediate opportunity?

38% 38%

16%
4% 4%

Existing More detail Social media  Commercially Publicly
underutilized from customers, content available data  available data
"dark data" suppliers, etc.

, Gartner Webinar, May 2012




Big Data O

Making better informed decisions
e.g. strategies, recommendations

" Discovering hidden insights
nomalies forensics, patterns,



Which is the
Data in you

Through 2017:

» 85% of Fortune 500 organizations
will be unable to exploit big data for
competitive advantage.

Process
~automation
12%

* Business analytics needs will drive
70% of investments in the

expansion and modernization
information infrastru

Decision
making
43%

Source: LR 0 Big Data, Gartner Webinar, May 2012
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Analytics Models

How can we
make it happen?

Prescriptive

What will .
happen? Analytics
. . oy
) Why did it ‘P\md'“."’e 7200
nalytics Qe
3 happen? oY o
< : : \O
happened? halytics

Descriptive P\
\
Analytics \Q° °

DIFFICULTY
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Descriptive Analytics

Descriptive analytics, such as reporting/ OLAP,
dashboards, and data visualization, have been widely
used for some time.
They are the core of traditional BI
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What has occurred?

Descriptive analytics, such as data visualization, is
important in helping users interpret the output from
predictive and predictive analytics.



Predictive Analytics

» Algorithms for predictive analytics, such as regression analysis, machine
learning, and neural networks, have also been around for some time.

y=13Fx+ 107
R*=0%51

R H G onomm o= om B

=
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What will occur?

« Marketing is the target for many predictive analytics applications.
« Descriptive analytics, such as data visualization, is important in helping
users interpret the output from predictive and prescriptive analytics.



Prescriptive Analytics

» Prescriptive analytics are often referred to as advanced
analytics.

« Often for the allocation of scarce resources

* Optimization

[Exteral fl] ¥
Iy —Bm) = 0
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What should occur?

Prescriptive analytics can benefit healthcare strategic planning by using analytics to
leverage operational and usage data combined with data of external factors such as
economic data, population demographic trends and population health trends, to more
accurately plan for future capital investments such as new facilities and equipment
utilization as well as understand the trade-offs between adding additional beds and
expanding an existing facility versus building a new one.



Organizational Transformation

Analytics are a competitive requirement

For Bl-based organizations, the use of Bl/analytics is a
requirement for successfully competing in the
marketplace.

TDWI report on Big Data Analytics found that 85% of
respondents indicated that their firms would be using
advanced analytics within three years

IBM/MIT Sloan Management Review research study found
that top performing companies in their industry are much
more likely to use analytics rather than intuition across the
widest range of possible decisions.



Complex Systems Require Analytics

» Tackle complex problems and provide individualized
solutions

» Products and services are organized around the needs
of individual customers

» Dollar value of interactions with each customer is high
» There is high level of interaction with each customer
» Examples: IBM, World Bank, Halliburton

P



Volume Operations Require Analytics

» Serves high-volume markets through standardized
products and services

» Each customer interaction has a low dollar value

» Customer interactions are generally conducted through
technology rather than person-to-person

» Are likely to be analytics-based
» Examples: Amazon.com, eBay, Hertz

P
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Online retailers like Amazon.com and Overstock.com are hig O

volume operations who rely on analytics to compete.
When you enter their sites a cookie is placed on your PC and all
clicks are recorded. S
Based on your clicks and any search terms, recommendation

engines decide what products to display.

After you purchase an item, they have additional information

that is used in marketing campaigns.

Customer segmentation analysis is used in deciding what

promotions to send you.

How profitable you are influences how the customer care center

treats you.

A pricing team helps set prices and decides what prices are

needed to clear out merchandise.

Forecasting models are used to decide how many items to

order for inventory.

Dashboards monitor all aspects of organizational performance



Knowledge Requirements for Advanced Analytics

Business Domain

Data \ Modeling

« Choosing the right data to include in models is important.
« Important to have some thoughts as to what variables might be related.
 Domain knowledge is necessary to understand how they can be
used. Role of Business Analyst is crucial
« Consider the story of the relationship between beer and diapers in the
market basket of young males in convenience stores.
* You still have to decide (or experiment to discover) whether it is better
to put them together or spread them across the store (in the hope that
other things will be bought while walking the isles).

The findings were that men between 30- 40 years in age, shopping between 5pm
and 7pm on Fridays, who purchased diapers were most likely to also have beer in
their carts. This motivated the grocery store to move the beer isle closer to the
diaper isle and instantaneously, a 35% increase in sales of both!



MODULE 3

Visualization




Visualization: Acquisition of
Insight

- Many people and institutions possess data that may ‘hide’
fundamental relations
* Realtors
* Bankers
* Air Traffic Controller
* Fraud investigators
* Engineers
- They want to be able to view some graphica
representation of that data, maybe interact with it, anc
then be able to say.......ahha!



Fraud Detection

aud Office (SFO) suspected mortgage fraud
d 12 filing cabinets of data

suspect was identified
led and convicted



: Fraud Detection continued

was supplied in electronic form
ation tool (Netmap) was used to examine the data
on weeks the same suspect was identified

ninal behind the fraud was also identified



mation Visualization Useful?

Drugs and Chips

ors on silicon wafers that are routed through 400 steps in many weeks.
athering 140,000 pieces of information about each wafer. Somewhere
nings about things going wrong. Detect a bug early before bad

ation tools to make the detection process easier



The Cholera Epidemic, London 1845

Dr. John Snow, medical officer for
London, investigated the cholera
epidemic of 1845 in Soho. He
mapped the deaths and noted that
the deaths, indicated by points,
tended to occur near the Broad
Street pump. Closure of the pump
coincided with a reduction in
cholera.




1ger Disaster

January 1986 the space shuttle Challenger exploded, and
stronauts died, because two rubber O-Rings leaked.

ous day, engineers who designed the rocket opposed the
cerned that the O-Rings would not seal at the forecast
(25 to 290F).

Ission, the decision was taken to go ahead.



Visualization

Refers to the innovative use of images and interactive technology to explore large, high- density datasets

Help users see patterns and relationships that would be difficult to see in text lists

. Rich graphs, charts
. Dashboards
. Maps

Increasingly is being used to identify insights into both structured and unstructured data for such areas as
operational efficiencies
profitability

strategic planning

Video Tableau Sales by Region, Product Category & SubCategory
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Examples

e Geo data Immigration Explorer

Select a foreign-born group to see how they settled across the United States.

mapping | Al Countries |~

5 - - - : T 7 ; - 7 ] —T SHOW | Percent of population
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Note: Due to limitations in the Census data, foreign-born populations are not available in all areas for all years.

Sources: Social Explorer, www socislexplorer.com; Minnesota Population Center; U 5. Census Matthew Bloch and Robert GebelofiThe New York Times
Bursau
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Examples

» Treemap
Map of the Market
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» Video on the use of visualization to extract knowledge

from data.
> Watch Gary Flake on extreme visualization

76



MODULE 4

Data Mining




Wh)a$sl SF Dwattaan\nr'ngg large databases to find useful

patterns (Silberschatz)
* Areas of Use
* Sales/ Marketing
* Diversify target market
* |dentify clients needs to increase response rates
* Risk Assessment
* Identify Customers that pose high credit risk
° Fraud Detection

* Identify people misusing the system. E.g. People who have two Social Security
Numbers

* Credit Card Fraud Detection
* Detect significant deviations from normal behavior:
* Network Intrusion Detection
* Customer Care
* |dentify customers likely to change providers
* Identify customer needs
* Medicine
* Match patients with similar problems = cure



Data Mining Techniques...

* Classification [Predictive]

* Clustering [Descriptive]

* Association Rule Discovery [Descriptive]

* Sequential Pattern Discovery [Descriptive]
® Regression [Predictive]

® Deviation Detection [Predictive]

P



Classification

* Classification is the process of predicting the class of a new item.
* Categorize the new item and identify to which class it belongs

* Example: A bank wants to classify its Home Loan Customers into groups
according to their response to bank advertisements. The bank might use
the classifications “Responds Rarely, Responds Sometimes, Responds
Frequently”.

* The bank will then attempt to find rules about the customers that respond
Frequently and Sometimes.

* The rules could be used to predict needs of potential customers.




Technique for Classification

* Decision-Tree Classifiers

Engineer Doctor
Carpenter
>100K
<30K >50K <40K >90K <50K

() (oot (i) (Gt (B0 (Gt

isk of a person with the jobs specified.




Classification: Application 1
Direct Marketing

° Goal: Reduce cost of mailing by targeting a set of consumers
likely to buy a new cell-phone product.

* Approach:
* Use the data for a similar product introduced before.

*  We know which customers decided to buy and which decided
otherwise. This {buy, don’t buy} decision forms the class attribute.

® Collect various demographic, lifestyle, and company-interaction
related information about all such customers.

Type of business, where they stay, how much they earn, etc.

Use this information as input attributes to learn a classifier model.




Classification: Application 2

®* Fraud Detection
®* @Goal: Predict fraudulent cases in credit card transactions.

* Approach:

®* Use credit card transactions and the information on its account-

holder as attributes.
* When does a customer buy, what does he buy, how often he pays on

time, etc.
* Label past transactions as fraud or fair transactions. This forms the

class attribute.
®* Learn a model for the class of the transactions.

* Use this model to detect fraud by observing credit card
transactions on an account.




Classification: Application 3

® Customer Attrition/Churn:

* Goal: To predict whether a customer is likely to be lost to a
competitor.

* Approach:

® Use detailed record of transactions with each of the past and
present customers, to find attributes.

* How often the customer calls, where he calls, what time-of-the day he
calls most, his financial status, marital status, etc.

* Label the customers as loyal or disloyal.
* Find a model for loyalty.




Clustering

 Clustering algorithms find groups of items that are similar. ... It
divides a data set so that records with similar content are in the

same group, and groups are as different as possible from each
other.

* Example: Insurance company could use clustering to group clients
by their age, location and types of insurance purchased.

* The categories are unspecified and this is referred to as
‘unsupervised learning’




Clustering continued

- Group data into clusters

* Similar data is grouped in the same cluster
* Dissimilar data is grouped in the a different cluster

- How is this achieved ?
* Hierarchical
* Group data into t-trees
* K-Nearest Neighbor

A classification method that classifies a point by
calculating the distances between the point and points in
the training data set. Then it assigns the point to the class

that is most common among its k-nearest neighbors
(where k is an integer)




Clustering: Application 1

- Document Clustering:

* Goal: To find groups of documents that are similar to each
other based on the important terms appearing in them.

* Approach: To identify frequently occurring terms in each
document. Form a similarity measure based on the
frequencies of different terms. Use it to cluster.

* @Gain: Information Retrieval can utilize the clusters to relate a
new document or search term to clustered documents.




Clustering: Application 2

Market Segmentation:

* Goal: subdivide a market into distinct subsets of customers
where any subset may conceivably be selected as a market
target to be reached with a distinct marketing mix.

* Approach:

* Collect different attributes of customers based on their
geographical and lifestyle related information.

* Find clusters of similar customers.

* Measure the clustering quality by observing buying patterns of
customers in same cluster vs. those from different clusters.
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items from a given collection;

* Produce dependency rules which will predict occurrence of an
item based on occurrences of other items.

* Example: When a customer buys a hammer, then 90% of the
time they will buy nails.

TID Items

Bread, Coke, Milk

Beer, Bread

Beer, Coke, Diaper, Milk
Beer, Bread, Diaper, Milk

Rules Discovered:
{Milk} --> {Coke}
{Diaper, Milk} --> {Beer}

N K| W| N| -

Coke, Diaper, Milk




Association Rule Discovery: Application 1

* Marketing and Sales Promotion:

Let the rule discovered be
{Bagels, ... } --> {Potato Chips}
Potato Chips as consequent => Can be used to determine

what should be done to boost its sales.
Bagels in the antecedent => Can be used to see which

products would be affected if the store discontinues selling
bagels.

Bagels in antecedent and Potato chips in consequent =>

Can be used to see what products should be sold with
Bagels to promote sale of Potato chips!




Association Rule Discovery: Application 2

* Supermarket shelf management.
° Goal: To identify items that are bought together by
sufficiently many customers.
* Approach: Process the point-of-sale data collected with
barcode scanners to find dependencies among items.
* Aclassicrule --

* If a customer buys diaper and milk, then he is very likely to
buy beer.

* So, don’t be surprised if you find six-packs stacked next to
diapers!




Association Rule Discovery: Application 3

* Inventory Management:

° Goal: A consumer appliance repair company wants to
anticipate the nature of repairs on its consumer products and
keep the service vehicles equipped with right parts to reduce
on number of visits to consumer households.

* Approach: Process the data on tools and parts required in

previous repairs at different consumer locations and discover
the co-occurrence patterns.




Sequential Pattern Discovery

* Given is a set of objects, with each object associated with its own timeline
of events, find rules that predict strong sequential dependencies among
different events.

* Rules are formed by first discovering patterns. Event occurrences in the
patterns are governed by timing constraints.

* In telecommunications alarm logs,
* (Inverter_Problem Excessive Line_Current)
. (Rectifier_Alarm) --> (Fire_Alarm)
* |n point-of-sale transaction sequences,
* Computer Bookstore:
(Intro_To_Visual C) (C++_Primer) -->
(Perl_for_dummies,Tcl_Tk)
* Athletic Apparel Store:
(Shoes) (Racket, Racketball) --> (Sports_Jacket)




Regression

* Predict a value of a given continuous valued variable based on
the values of other variables, assuming a linear or nonlinear
model of dependency.

* Greatly studied in statistics, neural network fields.

* Examples:
* Predicting sales amounts of new product based on
advertising expenditure.
* Predicting wind velocities as a function of temperature,
humidity, air pressure, etc.
* Time series prediction of stock market indices.




Using Databases to Improve Business Performance and Decision Making

- Web mining

— Discovery and analysis of useful patterns and information from Web

— Understand customer behavior
— Evaluate effectiveness of Web site, and so on

— Web content mining

* Mines content of Web pages
— Web structure mining

* Analyzes links to and from Web page
— Web usage mining

* Mines user interaction data recorded by Web server



Using Databases to Improve Business Performance and Decision Making

» Text mining

> Extracts key elements from large unstructured data sets
- Stored e-mails
* Call center transcripts
* Legal cases
 Patent descriptions
- Service reports, and so on
> Sentiment analysis software

* Mines e-mails, blogs, social media to detect opinions



Big Data, Big Rewards

» Read the case study “Big Data, Big Rewards”



