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Data Science



Data Science for Business: What you need to know about data
mining and data-analytic thinking,
Foster Provost and Tom Fawcett, O'Reilly, 2013

A wvagsreaed resonree for aervone i i serions aloul emlracing S ofdertacnity of g date,”
—Crnig Vaughan, Global Viee President, SAP

Data Science
Jor Business

What You Need to Know
About Data Mining and
Data-Analytic Thinking

Foster Provost & Tom Fawcett

Copyrighted Material

Source: https://www.amazon.com/Data-Science-Business-Data-Analytic-Thinking/dp/1449361323



Marketing Data Science: Modeling Techniques in Predictive
Analytics with R and Python,
Thomas W. Miller, Pearson FT Press, 2015

THOMAS W MILLER

Faculty Director of Northwestern Univers i Analytics Pro

MARKETING
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Modeling Techniques in Predictive
Analytics with R and Python




The Market:

A Meeting Place for Buyers and Sellers

Seller History

Sector

Features Se”ers
Brands Products

o YENR G

Buyer History

Segment

Attitudes

Preferences

Goals / Wants



EMC Education Services,
Data Science and Big Data Analytics:
Discovering, Analyzing, Visualizing and Presenting Data,
Wiley, 2015

Data Science and
Big Data Analytics

Discovering, Analyzing, Visualizing and Presenting Data

EMC Education Services

http://www.amazon.com/Data-Science-Big-Analytics-Discovering/dp/111887613X
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Internet Evolution

Internet of People (loP): Social Media
Internet of Things (loT): Machine to Machine

. Internet of Internet of Internet of Internet of
“Human to human” é "Www" é “Web 2.0" é “Social media” b “Machine to machine”

» Fixed and mobile « e-mail « e-productivity » Skype - Identification, tracking,
telephony « Informatian « e-commerce » Facebook monitaring, metering, ...
» SMS « Entertainment . » YouTube = Automation, actuation,
. . payment, ...
+smart +smart +smart +smart +smart
networks IT platforms phones and devices, Data and
and services applications objects, data ambient context

Source: Marc Jadoul (2015), The loT: The next step in internet evolution, March 11, 2015

http://www?2.alcatel-lucent.com/techzine/iot-internet-of-things-next-step-evolution/ 11
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Exploratory

Analytical
Approach

Explanatory

Data Science and
Business Intelligence

'.--.-

Data
Science

-,
-

‘-----‘

'-----h

Business

Intelligence
'

E_ R %

‘-----‘

Past

r'd Predictive Analytics and Data Mining I
({Data Sclence)
Typical & Opdirmizadicn, predictive modaling.
Tﬂch“iquaa, forecasting, statistical analysis
and ® Structured, unsbructured data, many
Data Types types of sources, very large datasets
® What if_?
g;am“"i:"':‘g # What's the aptimed seenasio Tor sur business?
» Whaat will happen next? 'What if these trends
contimus? Wiy |s this happaning?
Business Intelligence N
Typlcal ® Standard and &d hoo reporting, deashbaards,
Techniques aleris, gueries, details on demand
and * Struchured data, iraditional sources,
Data Types manageable datasets
Commen = What happened last quarter?
Cuestions # How many units sold?
k-._ s'¥Whare |3 the problamT In which sfuations™ _.J‘l

Time

Future
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Data Scientist:

The Sexiest Job of the 21st Century

hen Jonathan Goldman ar-

rived for work in June 2006
at LinkedIn, the business
networking site, the place stll
felt like a start-up. The com-
pany had just under 8 million
accounts, and the number was
growing quickly as existing mem-
bers invited their friends and col-
leagues to join. But users weren't
seeking out connections with the people who were already on the site
at the rate executives had expected. Something was apparently miss-
ing in the social experience. As one LinkedIn manager put it, “It was
like arriving at a conference reception and realizing vou don’t know
anyone. 5o you just stand in the comer sipping your drink—and you
probably leave early.”

Meet the people who
can coax treasure out of
messy, unstructured data.
by Thomas H. Davenport
and D.J. Patil

7o Harvard Business Review October zonz

13



Big Data

Social
Media

Video
Surveillance

Video
Rendering

14



Big Data Growth
is increasingly unstructured

Structured

More Structured

o R T e e
“Quasi” Structured

15



Typical Analytic Architecture

Science

16



Data Evolution and the
Rise of Big Data Sources

MEASURED IN MEASURED IN WILL BE MEASURED IN
TERABYTES PETABYTES EXABYTES
iTE = 1 0008 1PE = 1. 000TE 1EB = 1 OJO0PE

-
L~ , mj
SAe -
g B9 B
ORACLE §==g==a
1990s 2000s 2010s
(RDBMS & DATA (CONTENT & DIGITAL ASSET (NO-SQL & KEY VALUE)

WAREHOUSE) MANAGEMENT)
17



Emerging Big Data Ecosystem

Data FE E RO O Ea O & 2 @

DOVICOS o roNc oPS  MPY  EBOOH WIDEOD CABLEBON MTM  CREDNT CARD COMPUTER  RFID VIDED MEDICAL
PLAYER GAME AEADER SURVERLLANCE  IMAGING

Amalytic _
SHiracas '--._.__._ FJPI'EFI
E i esmant R
- Data
Collectors Diata
Aggregators
Data
Users/Buyers =
@
Media Phone,/ TV
- : Privatte
i Huresas i H Broloers & M,l

Source: EMC Education Services, Data Science and Big Data Analytics: Discovering, Analyzing, Visualizing and Presenting Data, Wiley, 2015



Key Roles for the New

Big Data Ecosystem

Data Scientists

Deep Analytical Talent *ﬁ:fmﬁuﬂfﬁ'ﬁaﬁfﬁﬁm

Data Savvy Professionals @ "R 18 milkon

Technology and Data Enablers

Hote: Figuees above reflsct a projected takent gap in LS in 3048, as shoaan in Molinsey May 20141 article “Big Dot Thie Mext Fromber for
innovvation, Competition, and Productivity®

19



Profile of a Data Scientist

Quantitative
— mathematics or statistics
Technical

—software engineering,
machine learning,
and programming skills

Skeptical mind-set and critical thinking
Curious and creative
Communicative and collaborative

20



Data Scientist Profile

Quantitative

Communicative
and

Source: EMC Education Services, Data Science and Big Data Analytics: Discovering, Analyzing, Visualizing and Presenting Data, Wiley, 2015

21



Big Data Analytics
Lifecycle




Key Roles for a
Successful Analytics Project

Business Intelligence
Analyst

Business User Froject Sponsor Project Manager

=

Database
Administrator (DBA

=]
-

Data Engineer Data Scientist

Source: EMC Education Services, Data Science and Big Data Analytics: Discovering, Analyzing, Visualizing and Presenting Data, Wiley, 2015 23



Overview of Data Analytics Lifecycle

Operationalize

5

Communicate

Results

Is the model robust
enough? Have we

failed for sure?

Do | have enough
information to draft
an analytic plan and

share for peer review?

Do | have
enough good
quality data to
start building
the model?
©
Model
Planning
4]
Model
Building
Do | have a good idea
about the type of model
to try? Can | refine the
analytic plan?

24



Overview of Data Analytics Lifecycle

1. Discovery

2. Data preparation

3. Model planning

4. Model building

5. Communicate results
6. Operationalize

25



Key Outputs from a
Successful Analytics Project

' Code NUM Presentation for Analysts
EE Technical Specs WM Presentation for Project Sponsors

Project Sponsor Project Manager Business Intelligence Anahyst

ource: EMC Education Services, Data Science and Big Data Analytics: Discovering, Analyzing, Visualizing and Presenting Data, Wiley, 2015

26



Big Data
Marketing




Big Data Marketin
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Big Data Marketing:

Engage Your Customers More Effectively and Drive Value,

Lisa Arthur, Wiley, 2013.

~
Ny
-
&g
e
1

ARI\ETIN'

ENGAGE YOUR CUSTOMERS
MORE EFFECTIVELY

AND DRIVE VALUE

i A & ] ]
LISA ARTHUR

WILEY

29



Source: Lisa Arthur (2013), Big Data Marketing: Engage Your Customers More Effectively and Drive Value, Wiley.

30



Big Data Marketing

Big data marketing
is the process of
collecting, analyzing, and executing
on the insights you’ve derived from
big data to
encourage customer engagement
and improve marketing results




Creating Value with Big Data Analytics:
Making Smarter Marketing Decisions,
Peter C. Verhoef and Edwin Kooge, Routledge, 2016

Creating Value
with Big Data
Analytics

Making smarter marketing decisions

32



Big Data Value Creation Model

Creating Value with Big Data Analytics:
Making Smarter Marketing Decisions

é N ( ) f ) - \ . “
Big Data Big Data Big Data Analytics Big Data
Assets Capabilities Value

o [ )
[ Decision
People Systems support Value to
Insights the firm
@@ N NN Actions/ - -
campaigns r “
( Value to
Models Information | the
@ process "Organization based customer
\ products/ . s
| solutions |
\, J \ J k ) \ J
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Predictive Marketing: Easy Ways Every Marketer Can Use
Customer Analytics and Big Data,
Omer Artun and Dominique Levin, Wiley, 2015

OMER ARTUN, PhD - DOMINIQUE LEVIN

PREDICTIVE
MARKETING

Easy Ways Every Marketer Can Use

Customer Analytics and Big Data

«
£

E“urrfﬂe-:l Betaier

Source: https://www.amazon.com/Predictive-Marketing-Marketer-Customer-Analytics/dp/1119037360



Predictive Marketing: Easy Ways Every Marketer Can Use
Customer Analytics and Big Data,
Omer Artun and Dominique Levin, Wiley, 2015

Glohal Head of Socal Media
Ford Motor Compssry

Digital Marketing
Analytics

Making Sense of Consumer Data in a Digital World

Source: https://www.amazon.com/Digital-Marketing-Analytics-Consumer-Biz-Tech/dp/0789750309
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Jennifer Golbeck (2013) Analyzing the Social Web, Morgan Kaufmann

Analyzmg the -
Social Web

Jennifer. Golbeck

Source: http://www.amazon.com/Analyzing-Social-Web-Jennifer-Golbeck/dp/0124055311 36
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Marketing




Marketing

“Meeting
needs
profitably”



Value

the sum of the
tangible and
intangible
benefits and costs



Value

Total
customer

benefit

Customer
perceived

value

Total
customer

cost

Source: Philip Kotler & Kevin Lane Keller, Marketing Management, 14th ed., Pearson, 2012
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Customer Value Triad

Quality, Service, and Price
(asp)

Quality

Service Price

41



Value and Satisfaction

* Marketing

— identification, creation, communication, delivery,
and monitoring of customer value.

e Satisfaction

— a person’s judgment of a product’s
perceived performance
in relationship to
expectations

42



Building
Customer Value,
Satisfaction,
and
Loyalty



Customer Perceived Value

Source: Philip Kotler & Kevin Lane Keller, Marketing Management, 14th ed., Pearson, 2012
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Customer Perceived Value

Product benefit

Total
customer

benefit

Services benefit

Personnel benefit

Customer
perceived

value

Image benefit

Monetary cost

Total
customer

cost

Time cost

Energy cost

Psychological cost

Source: Philip Kotler & Kevin Lane Keller, Marketing Management, 14th ed., Pearson, 2012
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Satisfaction

“a person’s feelings of pleasure or
disappointment that result from comparing a
product’s perceived performance (or outcome)
to expectations”

46



Loyalty

“a deeply held commitment to
rebuy or repatronize

a preferred product or service

in the future

despite situational influences and
marketing efforts having the
potential to cause switching
behavior.”



Customer Perceived Value,
Customer Satisfaction, and Loyalty

Customer
Perceived
Performance

. S

Customer Customer
Satisfaction Loyalty

Customer
Perceived

Value

Customer
Expectations

Source: Philip Kotler & Kevin Lane Keller, Marketing Management, 14th ed., Pearson, 2012 48



Marketing

“Marketing is an organizational function
and a set of processes for
creating, communicating, and delivering
value to customers and
for managing customer relationships
in ways that benefit the organization and

its stakeholders.”
(Kotler & Keller, 2008)

Source: Kotler and Keller (2008) 49



Marketing Management

“Marketing management is the
art and science
of choosing target markets
and getting, keeping, and growing
customers through
creating, delivering, and communicating

superior customer value.”
(Kotler & Keller, 2008)

Source: Kotler and Keller (2008) 50



Marketing Research

“Marketing Research
is the
planning, collection, and analysis of data
relevant to marketing decision making
and
the communication of the results
of this analysis to management.”

51



The Nature of Marketing Research

52



Marketing Research

systematic design, collection,
analysis, and reporting of
data and findings
relevant to a
specific marketing situation
facing the company.

Source: Philip Kotler and Kevin Keller, Marketing Management, 14th Edition, 2011, Prentice Hall
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A Marketing Mix Framework for
Big Data Management

Method

Application |

g e W S
People (" Product Promotion Price " Place
Demographics * Product *  Promotional *  Transactional *  Location-based
Sacial Networks Characteristics Data Data social networks
Customer Review * Product Category *  Survey Data * Survey Data * Survey Data
Click Stream *  Customer Review
Survey Data * Survey Data
Clustering *  Association * Regression * Regression * REE“’-_‘-““:"_‘
Classification *  Clustering *  Assocliation * Association *  Classification
+ Topic Modeling » Collaborative
Filtering
Customer * Product Ontology * Promotional * Pricing Strategy * Location-based
Segmentation = Product Marketing Analysis Advertising
Customer Reputation Analysis * Competitor *  Community
Profiling * Recommender Analysis Dynamic Analysis
Systems o
g i o = g o
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A resource-based view of the
impact of Big Data on competitive advantage

L ¥ I (- =) 4 ™
Structured Data Drynamic
Consumer o Product
G i £ el 4 rTe—rm— Consumer uslaing
PV AT AT A VAW ! S ey F i - —™ Competitive
LT Data Insights Price
- Activitics Advantage
¢ ikt ! : Unstructured : Adaptive
Fatra Dhat Capability Placc
L /
Big Data Promation
. : \ /
Physical Capital (s ) _
Resources Ignorance Valwe Creation
Human Capital
Resources Creative intensity
Organizational s -
Capital Resources Resource Charactenstics
A

Fimn"s Resounces



Big Data
Analytics
and
Data Mining




Business Intelligence (BIl) Infrastructure

Extract, transform,
load

(%]

Historical
Data

Casual users

* Queries

* Reports

¢ Dashboards
Web Dat Hadoop E @) O O

Custer\ X C; ;: Ei it

Power users
* Queries

* Reports

* OLAP

ki\i\

Source: Kenneth C. Laudon & Jane P. Laudon (2014), Management Information Systems: Managing the Digital Firm, Thirteenth Edition, Pearson. 57



A

Data Warehouse
Data Mining and

Increasing potential
to support
business decisions End User

Data Presentation Business
o . Analyst
Visualization Techniques
Data Mining : Data
Information Discovery | Analyst

Data Exploration
Statistical Summary, Querying, and Reporting

/ Data Preprocessing/Integration, Data Warehouses \

Data Sources DBA
Paper, Files, Web documents, Scientific experiments, Database Systems

58



The Evolution of Bl Capabilities

Qu erying an d ETL
reporting
Data
e warehouse
EIS / ESS l DSS
Financial Data marts Spreadsheets

reporting (MS Excel)

Digital cockpits
and dashboards

—
Business ¢
Scorecards and / Intelligence

dashboards
Workflow 4
Alerts and
notifications
Data & text Portals
mining Pradictive Broadcasting
[ —— ﬂnﬂl}"ti'ﬂs tools

Source: Turban et al. (2011), Decision Support and Business Intelligence Systems



Stephan Kudyba (2014),
Big Data, Mining, and Analytics:
Components of Strategic Decision Making, Auerbach Publications

Big.Data,
Mining, and
Analytics}

i

Source: http://www.amazon.com/gp/product/1466568704
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Architecture of Big Data Analytics

Big Data
Sources

N\

* Internal
* External

* Multiple
formats

* Multiple
locations

* Multiple
applications

y

N\

Big Data
Analytics

Big Data
Analytics
Applications

Queries

Big Data Big Data
Transformation Platforms & Tools
f
Middleware N
Raw Transformed| MaprEduce
Data | Extract Data HEIg
» Transform > s
Load Jaql
Zookeeper
Hbase
Data Cassandra
Warehouse Oozie
| Avro
Traditional Mahout
Format Others
CSV, Tables L

Reports
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Architecture of Big Data Analytics

Big Data
Sources

\

* Internal
* External

* Multiple
formats

* Multiple
locations

* Multiple
applications

Big Data
Transformation

Big Data
Platforms & Tools

Big Data
Analytics
Applications

Queries

Reports

Source: Stephan Kudyba (2014), Big Data, Mining, and Analytics: Components of Strategic Decision Making, Auerbach Publications
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Social Big Data Mining

(Hiroshi Ishikawa, 2015)

Social Big Data
Mmmc

Hiroshi Islukawa

Source: http://www.amazon.com/Social-Data-Mining-Hiroshi-Ishikawa/dp/149871093X
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Architecture for
Social Big Data Mining

Enabling Technologies Analysts
NN EEN BN SN SN SN SN SN SN S SN S S S S S S S . - \ -------------.---
* Integrated analysis model | : * Model C‘?"Str“Ct'O“
I f ( Integrated anaIyS|sI: \ * Explanation by Model
I
/
: / H ! A /) \
I ] 1 ! . ! \
I ] 1 ) b !
, 1 \ [ Conceptual Layer
: 1 \ .’ \\ :I \ .
. N I P 1 K 1 H Wi \ * Construction and
atura anguage Processing | \ v Data ) confirmation
* Information Extraction I \ { \ of individual
* Anomaly Detection i ] Mining hypothesis
 Discovery of relationships : V! . \ . . L.
among heterogeneous data ! Multivariate | { Application Description and
* Large-scale visualization ] analysis specific task execution of
: Logical Layer application-specific
I task
I
* Parallel distrusted processing | G Social Data

|
@ | """ | 7 PVl cmraaa e aam—m———
____________________ -

Hardware
Physical Layer
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Big Data Analysis

Too Big,
too Unstructured,
too many different source
to be manageable through
traditional databases



DATA MINING,
ano MACHINE
LEARNING

Value Creation for Business Leaders
and Practitioners '

Jared Dean
Cogyrighied rn.um.-:* WI LEY

http://www.amazon.com/Data-Mining-Machine-Learning-Practitioners/dp/1118618041
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ing

Deep Learn

Intelligence from Big Data


https://www.vlab.org/events/deep-learning/
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FANI(__OHLHMORST

BIG DATA
ANALYTICS

TURNING BIG DATA INTO BIG MONEY

http://www.amazon.com/Big-Data-Analytics-Turning-Money/dp/1118147596
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Business Intelligence Trends

Agile Information Management (IM)
Cloud Business Intelligence (BI)
Mobile Business Intelligence (Bl)
Analytics

Big Data

Source: http://www.businessspectator.com.au/article/2013/1/22/technology/five-business-intelligence-trends-2013
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Business Intelligence and Analytics

* Business Intelligence 2.0 (Bl 2.0)
— Web Intelligence
— Web Analytics
— Web 2.0

— Social Networking and Microblogging sites
* Data Trends

— Big Data
e Platform Technology Trends

— Cloud computing platform
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Business Intelligence and Analytics:

Research Directions
1. Big Data Analytics

— Data analytics using Hadoop / MapReduce
framework

2. Text Analytics
— From Information Extraction to Question Answering
— From Sentiment Analysis to Opinion Mining
3. Network Analysis
— Link mining
— Community Detection
— Social Recommendation
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Big Data,
Big Analytics:

Emerging Business Intelligence

and Analytic Trends
for Today's Businesses



Big Data,
Prediction
VS.
Explanation




Big Data:
The Management
Revolution



Business Intelligence and
Enterprise Analytics

Predictive analytics
Data mining
Business analytics
Web analytics
Big-data analytics

Source: Thomas H. Davenport, "Enterprise Analytics: Optimize Performance, Process, an

d Decisions

Through Big Data", FT P
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2012
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Three Types of Business Analytics

* Prescriptive Analytics
* Predictive Analytics
* Descriptive Analytics
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Three Types of Business Analytics

Optimization
Randomized Testing

Predictive Modeling /
Forecasting

Statistical Modeling

Alerts

Query / Drill Down

Ad hoc Reports /
Scorecards

Standard Report

“What's the best that can happen?’:
“What if we try this?”

“What will happen next?”

“Why is this happening?”

“What actions are needed?”

“What exactly is the problem?”

“How many, how often, where?”

“What happened?”

>

Prescriptive
Analytics

Predictive

- Analytics

Descriptive
Analytics

Source: Thomas H. Davenport, "Enterprise Analytics: Optimize Performance, Process, and Decisions Through Big Data", FT Press, 2012
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Big Data Landscape 2016
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Summary

* Data Science

* Big Data Marketing
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