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Components of Data Science

Components of 0O
Data Science ®
Statistics

Mathematical and
Probabilistic
Foundations

Application
S

Analyzing
Real Data
Computing &

® Agorithms and O
Software

Data science

statistics +

data processing +
machine learning +
scientific inquiry +
visualization +
business analytics +
big data + ...




Data science is the best job in America

D glassdoor

25 Best Jobs in America

|| Employees' Choice Awards 25 Best Jobs in America 2 QPO O =

) _ Want 2 new |ob? Glassdoor is here to help, identifying the 25 Best Jobs In America for 2016. The jobs that make
:— Other Lists this list have the highest overall Glassdoor Job Score, determined by combining three kay factors — number of job
openings, salary and career opportunitiee rating. Thesa jobs stand out across all three categories.

Cddball Interview Questions
United Siates - 2016 -

Best Jobs

Best Cities for Jobs

r """.'_'j Data Scientist

— Job Openings 1,736
|| Trends =
Median Base Salary $116.840
Job Score 4.7

Additional Resources



Major Steps of Data Analytics

Data
collection

. Analysis/
a Datal E;cploratlgn/ Machine
processing Visualization .
learning
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Policy
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Intuition Behind Machine Learning
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business: Q] oo

Business Basics Career Finance Human Resources Marketing  Technology

Big Data, Big Problem: Coping With Shortage

of Talent in Data Analysis

) . HARE TH i -
Business.com / Hiring / Last Modified: February 22, 2017 SHARE THIS in f 4 G

Forty percent of companies are struggling to find and retain data
analytics talent, and the picture is starting to look even more bleak.

Big data is a big deal. The sheer quantity of data generated over just the last few years

far exceeds the entirety of the previously accumulated human historical data record.

Moreover, CyberCoders reports on an estimate_that the digital universe will reach 40
zettabytes (45 trillion gigabytes) by the end of the decade, a 50-fold growth.

However, as Jonatahn Shaw pointed out in Harvard Magazine, it's not the amount of
data that makes it a really big deal, it’s the ability to actually do something with it.
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HP AR 25; R - BIG DATA BIG ANALYTICS BIG INSIGHTS
Tracking the Data Science Talent Gayg
Alex Woodie

WIIC

@ERPFHSETECH T If your company is looking to hire data scientist right
now, good luck. Five years after Harvard Business
Review first shone the spotlight on the data scientist

shortage_the gap between data science supply and
demand remains substantial. In fact. the gap may be

—getting bigger

How big is the data science skills gap? There are

(eeinosiva/Shutterstock) several ways to attack that problem, and a number of
smart people at renowned organizations have

Top News from

Leading Solution

Providers
attempted to put numbers to the problem.

(Q TRIFACTA Back in 2012, the research firm Gartner said there would be a shortage of 100,000 data scientists Iin
the United States by 2020. A year earlier, McKinsey put the national gap in data scientists and
others with deep analytical expertise at 140,000 to 190,000 people by 2017, resulting in demand
that's 60 percent greater than supply. In 2014, the consulting firm Accenture found that more than S0
percent of its clients planned to hire people with data science expertise, but more than 40 percent

( in te !: cited a lack of talent as the number one problem.

Compensation is another way to track the skills shortage. In O'Reilly’'s 2015 Data Science Salary
. Survey, data scientists in the United States earned a base median salary of $104 000, while a
Q ATTUNITY Glassdoor survey found the national median to be about $113,000, nearly double the median for a

regular programmer.
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~ THE WALL STREET JOURNAL.

Politics Economy Business Tech Markets Opinion Arts  Life

CIOJOURNAL

The Myth of the Data Scientist
Shortage

Technologists and business folks alike overstate the shortage of data

scientists. They just need to know where to look.

—by Tom Davenport, senior advisor, Deloitte Analytics,

professor, Babson College

scarce as vegetanan dogs. If your business

wasn't based in Silicon Valley or Boston, if

you couldn't offer massive stock options, and
if you didn’t have a sexy business model, you

were unlikely to be able to hire any. When |

interviewed 35 of them in 2013 for an arficle
in Harvard Business Review, my co-author (D.J. Patil, now a data scientist

in the White House) and | wrote, “The shortage of data scientists is

becoming a serious constraint in some sectors.” The most common

educational background among the 35 data scientists | interviewed was a

Ph.D. in experimental physics, and there aren't a lot of those sitting around.
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Web Search:
How do search engines rank search results?

16
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Shopping:

How does Amazon
forecast how many
items it needs to store
In its warehouses?

Sales Time Secas (Store 377)

- Tewe Dews
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Medicine: How can genomics help to
personalize medical recommendations?

I il

Data Matrix:
Rows = genes, Columns = patients
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Physics: How do you write software
to search for new physics particles?

—- ‘.-.’

700 Mbytes/second
60 Terabytes/day
", «20 Petabyles/year
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Sports: How do we visualize and
understand massive amounts of game
sensor data? . 3

20
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E‘j ﬂ“ﬁﬁ Social media: How does
N-Ew Facebook recognize

. . ‘-- people in images?

21
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Climate: How does NASA automatically detect
land changes using satellite image data?

22
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Web Site:

101.datascience.community

5t9|abd 450017} 414

Data Science 101

Learning To Be A Data
Scientist

Search...

ABOUT

Twitter: @ryanswanstrom
Facebook: Data Science 101

SUBSCRIBE TO BLOG VIA
EMAIL

Enter your email address to
subscribe to this blog and

raraivua natifiratinne Af nows

Bachelors, Masters, PhDs

DATA SCIENCE EDUCATION WEEK, LEARN DATA SCIENCE

COLLEGES WITH DATA
SCIENCE DEGREES

O APRIL9,2012 & RYAN SWANSTROM @ 389 COMMENTS

Colleges and Universities are slowly starting to notice the demand
for employees with data science skills. Most of the programs are not
named data science, but they all focus on producing data people.
Below are a couple of the programs | have noticed so far.

Updated: Last update February 2017

SCHOOL[PROGRAM]

Auburn University[Online Master of
Business Administration with concentration
in Business Analytics]

Auburn University[Data Science]

The University of Alabama[Master of
Science in Marketing. Specialization in
Marketing Analytics]

The University of Alabama[MS in
Operations Management - Decision

Analytics Track]

The University of Alabama[M.S. degree in
Applied Statistics. Data Mining Track]

The University of Alabama[MBA with
concentration in Business Analytics]

Arkansas Tech University[Business Data
Analytics]

University of Arkansas[Graduate Certificate
in Business Analytics]

University of Arkansas[Master of
Information Systems with Business Analytics
Concentration]

DEGREE

Masters

Bachelors

Masters

Masters

Masters

Masters

Bachelors

Certificat

€

Masters

ONLINE/ON
-CAMPUS

/ On-campus

/ On-campus

Online /

/ On-campus

/ On-campus

Online/

/ On-campus

Online/

/ On-campus




% 1: Big Data Analytics®& 0| = C{st s

Columbia University
« Dept of Statistics: BS in Computer Science-Statistics
 http://www.stat.columbia.edu/program/undergraduate-programs

Carnegie Mellon University
« BS in Machine Learning & Statistics
« http://www.stat.cmu.edu/new-majors-launch/program/stat-ml.html

Johns Hopkins University
 BS in Applied Mathematics and Statistics
 http://engineering.jhu.edu/ams/major-requirements/

Univ of Michigan Ann Arbor
« BS in Information, School of Information
 https://www.si.umich.edu/content/bsi

Univ of Washington, Seattle
« BS in Informatics in Information School
 http://ischool.uw.edu/academics/informatics/curriculum

Univ of lllinois at Urbana-Champaign
« Dept of Statistics: BS in statistics and computer science
 http://www.stat.illinois.edu/

H (Undergraduate) 1}’d


http://www.stat.columbia.edu/program/undergraduate-programs
http://www.stat.cmu.edu/new-majors-launch/program/stat-ml.html
https://www.si.umich.edu/content/bsi
http://ischool.uw.edu/academics/informatics/curriculum
http://www.stat.illinois.edu/

=2s5t0tst = QLS Data Science A AMDFA

e Stanford University
 University of Washington

« Carnegie Mellon University



StanOI'd ‘ Department of Statistics Search this site...  Q

ACADEMIC PROGRAMS M S D S -
O, ata S>cience
Requirement 1 : Foundational (12 units) Requirement 2 : Data Science Electives (12 units) Requirement 3: Advanced Scientific Programming and High
Students must demonstrate foundational knowledge in the field by completing |  Data Science electives should demonstrate breadth of knowledge in the Performance Computing Core (6 units)
the following core courses. Courses in this area must be taken for letter grades. |  technical area. The elective course list is defined. Courses outside this list are
subject to approval. Courses in this area must be taken for letter grades. COURSE NAME &
NUMBER COURSE TITLE
COURSE NAME &
NUMBER COURSE TITLE COURSE NAME & \ ,
NUMBER COURSE TITLE T .
Development {or Scientists
CME 302 Numerical Linear Algebra 3 3 Kyt
STATS 200 Introduction to Statistical 3
Inference Paratlel
CME 205 Discrete Mathematics and 3 Computing/HCP
Algorithms courses; (3 units
STATS 203 Introduction to Regression 3
Models and Analysis of ME 21 Introduction to parallel
CME 307 Optlmlzatlon 3 Variance computing using MPI,
openMP, and CUDA
CME 308 Stochastic Methods in Engineering 3 or STATS 305A Intreduction to Statistical N 3 Distributed Aleorithms and
Modeling Optimization '
or
STATS 315A Modern Applied Statistics: 2-3 ME 342 Parallel Methods in 3
] ) Learn'lng Numerical Analysss
CME 309 Randomized Algorithms and 3
Prababilistic Analysis 149 Parallel Computing
STATS 315B Modern Applied Statistics: 2-3
Data Mining Parallel Computer 3
Architecture and




w UNIVERSITY of WASHINGTON

2ol

Master ofSaenCe inDa

e DATA 556: Introduction to Statistics & Probability

e HCDE 511: Information Visualization with DATA 501: Data Science Visualization Lab
e DATA 557: Applied Statistics & Experimental Design

e DATA 514: Data Management for Data Science

e DATA 558: Statistical Machine Learning for Data Scientists

e DATA 515: Software Design for Data Science

e DATA 516: Scalable Data Systems & Algorithms

e DATA 512: Human-Centered Data Science

e DATA 590: Capstone 1 - Project Preparation

e DATA 591: Capstone Il - Project Implementation



Professional Masters Programs for Studying Data
Science at Carnegie Mellon University

Masters in
Statistical Practice
(Department of Statistics,

Dietrich College of Humanities &
Social Scences)

Statistics Application

Masters in Computer

Machine Learning

(Machine Learning Department, Science

School of Computer Saence)

Data Science draws together the disciplines
of statistics and computer science, and
combines this with an in-depth knowledge
about an applied area. Carnegie Mellon
offers many programs that appeal to future
Data Scientists. Some are oriented towards
an applied area, while others towards these
underlying disciplines.

Masters in Computational
Data Science
{Language Technology institute)

Masters in Public Policy
and Management,

Policy Analytics Track
(Heinz College)

Master of Information

Systems Management,
Business Intelligence and Data

AnalyScs Concentration
(Heinz College)

Masters of Business
Administration,

Business Analytics Track
{Tepper School of Business)

Masters in Intelligent

Information Systems
{Language Technology Institute)

Masters in Language

Technologies
{tanguage Technology Institute)

Masters in Education
Technology and Applied

Learning Science
(Human Computer Interaction
Institute and Psycholozgy)

29

Buainess Management Policy



College Degree Type Background Jobs

Master's in . Business, science Governmment,
Public Policy, 2 years Professional or technical > consulting firms, think
Policy Analytics Track masters degrees tanks
Heinz College Master of Information Financial services,
Svstems Management, Professional Technical degree - tech companies,
Business Intelligence and 1.5 years masters and work start-ups
Data Analytics experience
Concentration
Master's of Business ] Diverse Consulting firms, IT
Tepper School Administration. Business 2 years Professional backgrounds [see = firms, financial data
of Business snalytics 'f'I‘Ell:l{ masters text) analvsis, etc.
Computer Software engineering
Masters in Computational 1.5 vears Professional Science or related - jobs at tech
Data Science ¥ masters companies
Language . . . Computer Software engineering
Technology Master's 1_11 Intelligent 1 year Professional Science or related =N jobs at tech
School Institute Information Systems masters companies
of
Master's in Language Research Computer - Software engineering
2 wvears
c . Technologies masters Science or related jobs, PhD programs
omputer
. Human
Science .
Computer Psvchology, Various
Interaction Master's in Education 1 vear Professional education, CS, etc. >
Inst. and Technologies ¥ masters
Psychology
Department Computer Software engineering
of Machine Master's in 15 Coursework Science, statistics - jobs, Finance, PhD
Learning Machine Learning - years masters or related programs
Dietrich . L . Consulting firms,
College of Department Master's in Statistical 1 year Professional Math or Statistics > finance, marketing,
H&SS of Statistics Practice masters .




Carnegie Mellon University (Department of Machine Learning)
Master in Machine Learning (1.5 year program)

* Fall semester, year 1:
* Intro to Machine Learning, Intermediate Statistics, Elective

« Spring semester, year 1:
« Statistical Machine Learning, DAP Preparation, Elective

« Summer semester, year 1:
 Practicum (internship)

* Fall semester, year 2:
 DAP Research, 2 Electives

» Elective Courses: (47} MEH)
« Deep Reinforcement Learning / Probabilistic Graphical Models /
Convex Optimization / Graduate Artificial Intelligence /
Multimedia Databases and Data Mining / Advanced Probability



Carnegie Mellon University (Dept of Statistics and Data Science)
Master in Statistical Practice (1 year program)

Fall Semester
¢ 36-601 Perspectives in Data Science |
e 36-611 Professional Skills for Statisticians |
e 36-617 Applied Linear Models
e 36-641 Statistical Methods in Epidemiology
e 36-650 Statistical Computing

Spring Semester
e 36-602 Perspectives in Data Science |l
¢ 36-612 Professional Skills for Statisticians Il
e 36-618 Experimental Design & Time Series
¢ 36-664 Data Mining
e 36-726 Statistical Practice



Carnegie Mellon University (Language Technologies Institute)
Master in Intelligent Information System (1.5 year)

Summer

10-601, Machine Learning

11-642 Search Engines

11-791, Design and Engineering of Intelligent Systems
11-690, Directed Study (12 units, required)

11-761, Language and Statistics
11-611, Natural Language Processing
11-797, Question Answering (12 units)
11-690, Directed Study

11-696. MIIS Capstone Planning Seminar

Internship

10-64.3, Scalable Text Analytics
11-697. MII'S Capstone Project

12 units
12 units
12 units
12 units

12 units
12 units
12 units
12 units
6 units

3 units

12 units

36 units
153 units

machine learning reqguirement

application requirement

required

natural language requirement

required

required

required

required
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V9, Issue2, 2014, NANOCHIP Fab Solutions

THE MOVE TO BIG DATA AND

PREDICTIVE ANALYTICS
NANUCHIR,.. N SEMICONDUCTOR

Solutions for Factory and Equipment Efficiency MAN U FACTU RI N G
BY The move from reactive to predictive analytics SToRAGE ECEicY
JAMES . . . . . # of Toois # of Sansars Retanticn {Days} Traditicnal Slomge Compressed Columnar Siomge
MOYNEAND " semiconductor rl"nanufacturmlg is being engbled [ o - - p——— S—
MICHAEL by the corresponding move to big data solutions e Reltive Costof Ounersip
ARMACOST

for advanced process control (APC) systems.

[ 'm Tradticna
W Hadoop Cobsmnar Ston
B Hadoop Relalional Slon

8 He. 24 Hr. T2Hr Hadoop Database Traditional Databass
Plattormi Platfarm

Figure 1. Comparison of fraditional and Hodoop-type dota platforms (analysis performed as part of the Apphied
APC big dato solution development processes )™
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IEEE Transactions on Semiconductor Manufacturing

A Deep Learning Model for Robust Wafer Fault 221_01
Monitoring With Sensor Measurement Noise 2017

A Convolutional Neural Network for Fault 521 03
Classification and Diagnosis in Semiconductor 2017
Manufacturing Processes

Failure Prediction Using Sequential Pattern
Mining in the Wire Bonding Process

A Comprehensive Big-Data-Based Monitoring 102123
System for Yield Enhancement in Semiconductor 2 viiii/

Manufacturing
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SYSTEMS

WEEK

About ESWEEK

EMBEDDED EMBEDDED

2017 Conference Program

Keynote: Small Neural Nets Are Beautiful:
Enabling Embedded Systems with Small
Deep-Neural-Network Architectures

Kurt Keutzer, Univ. of California, Berkeley
k - Time: 9:00am to 10:00am

-

Location: Crystal
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DS21}’d Curriculum

KMy st7|: 6718 (41=) Computational Thinking with Python (43 32A[ZH)
AR EN TS Statistical Methods for BigData Analytics (53 40A[ZH)
DataBase System Concepts (55 40A|Z)
Introduction to Al (33 24A|7ZH

=M 27[; 531 (31t=) Big Data Processing with Python (35 24A|Zh)
(BHAI7|& DHE) Data Mining (53 48A|ZHh
Data Visualization (55 48A|7H
AW sH7): 531 (41H=)  Large Scale Data Processing (43 36A|7)
(127]|= 1tH) Cloud for Big Data (35 28A|Z})
Machine Learning (43 32A|Zh
Deep Learning (43 32A|Zh
MEIPE: 4F0Hy

Kaggle.comOl| /= Data Analysis Competition 2X|&50 128 & MEISIH
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Computational Thinking with
Python (43 32A|Zh

AHxe Z2 ey

HI'S QO O|H 2 &1t X2
GUI =22

Data Structure 7|2

-- Stack/Queue/Tree/Graph
GraphViz module

Introduction to Al (33, 24A|Zh

Logic, Knowledge, Reasoning in Al
Problem Solving:

-- Search

-- Constraint Satisfaction Problem
Computer Vision
Natural Language Processing
Reinforcement Learning

E ZO|A|ZE 140A| 2 LEEZO| 136A|7F + EZ 4A|7L

Database System
Concepts (55 40A|Zh)
Database 7l &

A DBMS

SQL7| =

SQL%@L

SQL!

Database Appllcat|on7‘HH
DBMS 7t &2} 7|5
Relational Database A

Statistical Methods for

BigData Analytics (53 40A|Z1)

Linear Algebra 7l £
-- Vector, Matrix

Statistics 7H 2t
-- Statistical Inference
-- Linear Regression

Probability 72
-- likelihood, EM

Optimization 7{&
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S ZolA|Zh 122412 LEEZC| 120A12F + 58 2A[¢t
Big Data Processing with
Python (24A|Zt)

Data AnalysisE %2t Module
-- Numpy module Data Visualization (48A|7H
-- Pandas Module

-- MatPlotLib Module HEAZ= R

Data Mining (48A|Z})

-- SK Learn Module GIOIE 2f RpE 2=ofof
-- NLTK Module CIAFR] 2 4|2 G| 0| E ﬁﬂ el
‘,J.\|.?|'.?H 'D'|II EEIl I-_EI':I_ {ﬂ_?_'-_?g]ﬁ;t—l EI §|-_I-|-|
5Z BEBX SVM Decision Tree, A4 &

e Op=32F &2

HA-LioF T2 EE0|E

2= ORIy Cxk el 72| A E
A& B SEE

-means, DBScan, .....

-'-7<

1% Hr J?._ J
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o d-MZ0 BigData Expert 1t8 & Al Curriculum: 3&H7| 55 [3/3]

B ZO|A|ZF 124A| 2t LEEZEO| 124 A 7L

Machine Learning(32A|Z})

Large-Scale Data Processing (34A[ZH)
Classification
HAb/HE AHAZE j=2 -- Decision Tree/ Regression / SVM / Neural Nets
HadoopXt HDFS Boosting L
Spark 7§82 / Spark & Expectation Maximization
Resilient Distributed DataSets (RDD) Semi Supervised Learning
NoSQL A|AE! 73t Ensemble Learning
-~ KeyValue Store / Document Store Probabilistic Graphical Models
-- Column Store / Large Graph Store

Deep Learning(32A|7H

Cloud7|tt BlGj|0|E &ZATZE (28A|ZH glsl(?\lp feed forward network
9IE|O|E 2AIZ 9%t SatRC Bty HYE) N
St A HIX| M2 BM (6) Regqurlzqtlon
224 ofs Fol B4 @) optimization .
Sglec I:AI- AEZ HZ| 24 (5) Visualizing and Understanding
Sglec I:AI- J|ASS B (4) Practical Method
Zploc I:AI- Sy 2 () DeepLearning Applications
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