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Agenda

1. About the Course
2. The Data Explosion
3. Data Science Capabillities

4. The scientific method
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Resources

® © ® [ csis5304DatasScienceinth X 4

& C ( & https:/eranto.github.io 2019 ) OB & @ v &

- Website: hitps://
eranto.qithub.io/cs5304-
SDI’Iﬂg201 9 / Course Description

Massive amounts of data are collected by many companies and other

. . organizations, creating new opportunities for data scientists, but also raising several
e aC . Wl - ata - interesting challenges in extracting meaningful and actionable knowledge from
data. Creating efficient and impactful data science processes is not an easy task:

| ]
SC | e n Ce S | aC k CO m forming analysis questions is hard, data is messy, the volume and dimensionality of
| ] | |

data are massive, and closing the loop in business and research operations is

tough. The course aims to provide a comprehensive set of tools for extracting
knowledge from data: forming analysis questions and measures; data manipulation,
extraction, and labeling; efficient data analysis; and reporting and visualizing
conclusions. This course will focus on the unique challenges that arise from the
practical aspects of the field, relying on business and research case studies to
highlight the full process of data science.

Prerequisites

CS 5785 or equivalent and experience programming with Python, or permission of
the instructor.

Room & Time
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https://eranto.github.io/cs5304-spring2019/
https://eranto.github.io/cs5304-spring2019/
https://eranto.github.io/cs5304-spring2019/
https://wild-data-science.slack.com/
https://wild-data-science.slack.com/

Prof. Eran Toch

Visiting associate Professor at Cornell Tech
—aculty, Tel Aviv University
etoch@cornell.edu

Twitter: @erant
http://toch.tau.ac.ll
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mailto:etoch@cornell.edu
http://www.cs.cmu.edu/~eran/

Mr. David Rimshnick

* Cornell OR alum, BS 2005, MEng 2006

« Research on logistics problems (airline crew
scheduling, vehicle routing)

* Spent career in data science and analytics in healthcare
iIndustry

« /S Associates
* Novo Nordisk (biopharma company)
* Pfizer (biopharma company)
« Currently Principal at Boston Consulting Group

- Part of BCG Gamma, sub-organization devoted to
advanced Al and ML applications david.rimshnick@gmail.com
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Team

« TA:
» /Zekun Hao

« (Graders:
« Summer Shi
« Seye Bankole

« Svava Kristinsdottir
* Mohit Chawla
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Lecture Date Lecture Assignments

1 1 Jan 23, 2019 Introduction to Data Science
| | I I I ( >ta b | ( > 2 Jan 28, 2019 Extract, Transform and Load
3 Jan 30, 2019 Cleaning and Labeling Data Assignment 1 Due
4 Feb 4, 2019 Learning from Unbalanced Data

Feb 6, 2019 Data labeling and Data Labelers

6 Feb 11, 2019 Analyzing Experiments Assignment 2 Due
7 Feb 13,2019 = Statistical Analysis of Experiments
8 Feb 18,2019 Bias and Quality Measures

| | ease |et u S kn OW 9 Feb 20, 2019 Data-Based Simulation / Impact Analysis
about absence days  E———
y " Feb 27, 2019 Big Data Tools for Data Science
d U e .tO rel ig iO u S 12 Mar 4, 2019 Learning in Distributed Processing Assignment 3 Due

13 Mar 6, 2019 Programming Cache-Based Distributed Processing
h O | i d ayS 14 Mar 11, 2019 Technical Topic - Hands on With Spark/PySpark
15 Mar 13, 2019 Company Presentation - Deep Learning for Drug Discovery (Stephen Ra, Pfizer) Assignment 4 Due
16 Mar 18, 2019 Preliminary exam
17 Mar 20, 2019 Deep Sequence Learning
18 Mar 25, 2019 Data Visualization
19 Mar 27, 2019 Deep Recommendation Systems Project Part 1 Due
20 Apr 1,2019 SPRING BREAK
21 Apr 3,2019 SPRING BREAK
22 Apr 8 Background: Reinforcement Learning
23 Apr 10 Reinforcement Learning
24 Apr 15, 2019  Guest Lecture (Samar Deen?)
25 Apr 17, 2019 Causality versus Correlation / Causal Effects Project Part 2 Due
26 Apr 22,2019 LIME and Model Explainability
27 Apr 24,2019 Communicating Results
28 Apr 29, 2019 Ethics of Data Science
29 May 1, 2019 Final Projects in Class Final Project Due

Da-ta SCIence |n the W”d, Spl’lﬂg 201 9 May 6, 2019 Final Projects in Class Final Project Due



Grade Breakdown

« Home assignments (30%)

* Final project (30%)

* Preliminary exam (20%) - in class
* Final exam (20%) - take home
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Assignments

* 4 home assignments
« Each with programming and a written exercise
- Each students has a total of one slip day
* The officially supported programming language is Python

* But you are welcome to work on your assignments using other
languages

* You can use well-known libraries but cite them.
* You are encouraged to work in groups of 2 students.
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Bibliography
The books are not required for the course, but they can be of interest to students.

1. Foster Provost and Tom Fawcett, Data Science for Business: What You Need
to Know about Data Mining and Data-Analytic Thinking, O'Reilly Media; 1st
edition (2013)

2. Jake VanderPlas, Python Data Science Handbook, O'Reilly Media; 1 edition
(2016) - Free book

3. Russell Jurney, Agile Data Science 2.0: Building Full-Stack Data Analytics
Applications with Spark, O'Reilly Media; 1st edition (2017).

4, A. Rajaraman, J. Leskovec and J. Ullman, Mining of Massive Datasets,
Cambridge University Press, 3rd version
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Data Storage Prices

Historical Cost of Computer Memory and Storage
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According to HIPPO

(highest paid person’s opinion)

Data Science in the Wild, Spring 2019

ow do we make decisions?
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(Go see Moneyball)
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According to data




Top 20 Emerging Jobs Linked [

Data Science as a Profession o

Data Scientist N 6.5x

Sales Development Representative 5.7x

® © @ ¥o Data Scientist: The Sexiest Joi X + Customer Success Manager [N s5.6x

< C @ httpsi/hbr.org/2012/10/data-scientist-.. @ % (@ € © w | F Big Data Developer 5.5x
Hariurd
=] Ruslons® Subscribe  Signin Q Full Stack Engineer [  5.5x

Latest ~ Magazine  Popular  Topics  Podcasts  Video  Store  Visuallibrary  Reading Lists

Unity Developer 5.1x

Director of Data Science [N 4.9x

Brand Partner 4.5x

Full Stack Developer [N 4.5x

Personal Loan Consultant 4.4x

Brand Activation Manager [N 3.8x

Head of Partnerships 3.6x

DATA
WHAT TO READ NEXT

Data SCientiSt: The { Barre Instructor [  3.6x
SEXIESt JOb Of the Licensed Realtor 3.4x

L
21 St Ce ntu r What Data Scientists Really Do,
According to 35 Data Scientists Guest Expwience Associate _ 3.1x
by Thomas H. Davenport and D.J. Patil
FROM THE OCT! I1sSuE

Assurance Staff 3.1x

= SUMMARY SAVE sHARe [ C v wHTexT size (g pRINT S8

Marketing Content Manager NG 3x

- . . . VIEW MORE FROM THE
hen Jonathan Goldman arrived for work in June 2006

I
at LinkedIn, the busir networking site, the place October 2012 Issue Site Relmbcllty Engmoer 2.9x
still felt like a start-up. The company had just under 8 Harvard
Business

million accounts, and the number was growing quickly as existing Review Head of Customer Exporience — 2.8x

members invited their friends and colleagues 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 missing in the social experience. As one LinkedIn manager

2/3 FREE ARTIOLES LEFT > REGISTER FOR HORE | SUBSCRIBE + SAVE! \G¥

Rate of Growth (2012 - 2017)
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Data-Literate

McKinsey Global Institute projected
that the United States needs 140,000
to 190,000 more workers with “deep
analytical” expertise and 1.5 million
more data-literate managers, whether
retrained or hired.
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http://www.mckinsey.com/Features/Big_Data
http://www.nytimes.com/2012/02/12/sunday-review/big-datas-impact-in-the-world.html

What is Data Science”?

Data science is a professional o %
N
approach to apply data S e T,

engineering, statistics, and
machine learning to solve
problems in a scientific way

Substantive
Expertise

http://drewconway.com/zia/2013/3/26/the-data-science-venn-diagram
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Buzz word hell

« Data science is a heavily '
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The Machine Learning Model

Data @ Model
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The Data Science Model

Ask
question Visualize
Understand
Write Report
Data
Engineering
Operationalize System
World’s
Data
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Science

L L] E Exposure to ideologically div X +

& C  ® Not Secure | science.sciencemag.org/« t/348/6239/1130

SHARE  REPORT
@ Exposure to ideologically diverse news and
opinion on Facebook

o Eytan Bakshy'-"!, Solomon Messing™', Lada A. Adamic'

+ See all authors and affiliations

|Article Figures & Data

Not getting all sides of the news?

People are increasingly turning away from mass media to social media as
a way of learning news and civic information. Bakshy et al. examined the
news that millions of Facebook users' peers shared, what information
these users were presented with, and what they ultimately consumed (see
the Perspective by Lazer). Friends shared substantially less cross-cutting
news from sources aligned with an opposing ideology. People encountered
roughly 15% less cross-cutting content in news feeds due to algorithmic
ranking and clicked through to 70% less of this cross-cutting content.
Within the domain of political news encountered in social media, selective
exposure appears to drive attention.

Info & Metrics eletters PDF

Science, this issue p. 1130; see also p. 1090

Abstract

Data Science in the Wild, Spring 2019

Become a member
Renew subscription
Sign up for newsletters

Science

Table of Contents
Print Table of

ARTICLE TOOLS
& Ema
& Print
« Alerts @
@ Citation tools ¢ Share

RELATED CONTENT
PERSPECTIVE
The rise of the social algorithm

SIMILAR ARTICLES IN:
¢ PubMed
« Google Scholar
PDF
CITED BY...
Help
CITING ARTICLES IN:
* Web of Science (227)
« Scopus (312)

Proportion of shares

0.04
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0.02 -
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0.00 -

Alignment classification

. Liberal

Neutral
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Alignment score




@ O m Inside Berg: the pharma start X F Inside American Express' Big X -+

&« > C & https://www.forbes.com/sites/ciocentral/2016/04/27/inside-american-express-big e (&3 B ® w - 3

Apr 27, 2016, 02:54prr

e Risk 2020 -- American Express conceptualizes how the economy and

L4 . ' a
Inside American Express’ Big marketplace might evolve in the coming years and what are the most

Data Journey important risk capabilities to maintain to proactively address the
@ o e weakness in the economy, a steady move towards mobile computing,
| - cloud, artificial intelligence and deep-learning.

RandyBean % e Cornerstone -- This is a global, big data ecosystem is where data is

organized in one place with shared global capabilities, to democratize its
use across functions and geographies, recognizing that the very essence
of innovation must happen at the company’s DNA rather than

exclusively from the top.
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Data Pharmaceuticals

For example, researchers at biotechnology
company Berg, near Boston, Massachusetts, have
developed a model to identify previously unknown
cancer mechanisms using tests on more than
1,000 cancerous and healthy human cell samples.
They modelled diseased human cells by varying the
levels of sugar and oxygen the cells were exposed
to, and then tracked their lipid, metabolite, enzyme
and protein profiles. The group uses its Al platform
to generate and analyse immense amounts of
biological and outcomes data from patients to
highlight key differences between diseased and
healthy cells.

[ ] [ ] m How artificial inte X G BPM31510 berg - X G Google Image Re. X G Google Image Re. X m Inside Berg: the | X +
& Cc & https://www.nature.com/articles/d41586-018-05267-x

nature > spotlight > article

SPOTLIGHT - 30 MAY 2018

How artificial intelligence is changing drug
discovery

Machine learning and other technologies are expected to make the hunt for
new pharmaceuticals quicker, cheaper and more effective.

EEEEEEEEEEEEEE

ence stories of the day, free in your inbox. ‘ Sign up for Nature Briefing X
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Journalism

ESTIMATED

— — / 4L - . DAILY

ARRIVALS

8,000

4,000

0

Wh(i)fChO'SC Yellowknife Iqaluit
29% 36% 37% Migrants shifted to Slovenia,
which built its own fence.
@ NOV. 12 =
. v
o .
v=e St. John's
8% SLOVENIA
o Ne .
*
— & e < -
e | -
Vancouver q o - As migrants passed through on their
13% : @ - way north, Austria built its own fence
el P . Halifax in Spielfeld, on its southern border.
® o) > 13%
Calgar 3L Edmonton Winnipe X
192.,/: 10% 2% ped ‘ Montréal L__ saint John = s 4,000
Toronto 18% 51% 0
7%
@ Cz)gt;(‘:/a AUSTRIA S

A

https://beta.theglobeandmail.com/news/
investigations/unfounded-sexual-assault-canada-
main/article33891309/

https://www.washingtonpost.com/graphics/world/
border-barriers/europe-refugee-crisis-border-control/?
noredirect=0on
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https://beta.theglobeandmail.com/news/investigations/unfounded-sexual-assault-canada-main/article33891309/
https://beta.theglobeandmail.com/news/investigations/unfounded-sexual-assault-canada-main/article33891309/

Sports

Messi’s Shots On Goal

On the Argentina national team, from 2012 through the group
stage of the 2014 World Cup
@ GOALS OSAVED ATTEMPTS @ MISSES e
s | ‘ ‘: —~ ' A
= N e ‘ | 75 N { T RN L
g @ l i 4 ‘ Ty i3 \ g2 (TN NI .
o @ iy ——— . f el |
4 penalty o x 4 o
@ ® Licks S
& e ; =
8 ; “ \ .. 39 yds.
) &/ .
5 ° i.
&
’. Q® ¢ ®
@
https://www.janetzko.eu/project/soccer/

&7 FIVETHIRTYEIGHT SOURCE: ESPN/TRUMEDIA/OPTA

https://fivethirtyeight.com/features/lionel-messi-is-impossible/
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Politics

® O @® [ insideBerg:the; x | [ Top5Analytics© X | G Obama/Bidenda' X How Obama's Te x [l How Obama'sd: x | +
Cc & https://www.technologyreview.com/s/509026/how-obamas-team-u big-dat e ( B @ w -
MIT Login/Createanaccount ~ Search Q 2
) gy
eview Topics+ TheDownload Magazine Events More+ | Subscribe
a [
X

Intelligent Machines

How Obama’s Team Used Big Data
to Rally Voters

How President Obama’s campaign used big data to rally
individual voters.

by Sashalssenberg December 19,2012

Data Science in the Wild, Spring 2019

[ J @ Ml InsideBerg X | @ Top5Analy X | G Obama/Bl X | G datascience X W Cambridge X [l How Obam: X +

C & https://www.vox.com/policy-and-politics/2017/10/16/15657512/cambridge-analy * OB & ® w &

Cambridge Analytica, the shady data
firm that might be a key Trump-Russia
link, explained

Why House investigators think this company might have gamed Facebook
and helped Russia spread fake news.

By Sean llling | @seanilling \ sean.illing@vox.com \ Updated Apr 4, 2018, 3:41pm EDT

f v

NEXT Don't Miss! - 01/21 Preview

MOST READ

Part of The Cambridge Analytica Facebook scandal




Summary

» Data science overwhelms science, business,
and civics

* The main challenges are not technical:
 Asking good research questions
* Applying the right tools
- Creating data pipelines
* Telling a story
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The Data Science Capabillities

1. Understand the data science process e B e A ]

2. Model problems and answer them with real data A 4

3. Control the standard “toolbox” of data science EE R Ei .}_; e
methods

4. Analyze the quality of data science results E

5. Know how to report, visualize, and discuss
findings
0. Introduced to the societal challenges of data

sSclence
https://hbr.org/2018/08/what-data-scientists-really-do-according-to-35-data-scientists?referral=03758&cm_vc=rr_item_page.top_right
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The Data Science Process

Problem TSetITi)rzy
Modeling J
Question Data Data cvaluation
Framing Modeling Processing
Data Operation
Acquisition Loading

Data

Q
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Data Engineering

ETL (Extract, Transform, and Load) is the process in which data is integrated and transferred
from the operating systems to the data warehouse.

Extract Transform / Load CJ

Sources Data Storage

Data Staging Area

Q
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Big Data Storage and Processing

« How to manage massive amounts of data in a way which is optimized
for analysis

 Learning general data warehousing models
« Post-rational technologies: based on distributed file systems and

Orocessing:
« Hadoop
. Hive @ % AAAAAA |
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Experiments

* Introduction to experiment
design

« Parametric and non-parametric
data modeling

- Statistical tests
* Running online experiments

'."H Data Science in the Wild, Spring 2019



The Interface with machine Learning

Understanding the interfaces with machine learning:
« Deep Sequence Learning

« Exploratory Data Analysis

« Reinforcement Learning

Q
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The Quality of Data Science

Multiple ROC Curves

- How to evaluate the quality of data T L e—
science models? R R ¢

* |[dentifying bias SSUINE o R TN WO W W WO 76 O W
» Simulation

* Impact assessment
» Model explainability

Sensitivity
o
(9]
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o ¢
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w
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Reporting

 \Visualization methods

- What makes a good data
visualization”

 Reporting principles and
communicating data

 Operationalizing data

John Snow’s map of the 1854 Broad Street
cholera epidemic

Q
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Ethics of Data Science

& C ( @& ProPublica, Inc. [US] | https://www.propublica.org/art r [ risk-assessments-ir r g OB B @ w &
El Y B Donate

* Legal and ethical boundaries of
data science

* Privacy
* Fairness

Machine Bias

There's software used across the country to predict future criminals. And
it's biased against blacks.
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Summary

 Basic capabillities
* The course:

» Website: https://eranto.qgithub.io/cs5304-spring2019/
 Slack: wild-data-science.slack.com
* The essence of the profession

,f.[ Data Science in the Wild, Spring 2019
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Q

Data Science in the Wild, Spring 2019



What is the “science” in Data Science”?

 Data science is more than an engineering practice

* It Is a professional approach that strives to embed scientific principles in
data tasks

* [t Includes:
* Applying a scientific method
- Adhering (to some extent) to scientific ethical code
* And to its culture

'."H Data Science in the Wild, Spring 2019




The Data Science Process

Ask a Do Background Construct a
question Research Hypothesis

Do Exploratory
Research

Q

Data Science in the Wild, Spring 2019

Test it

Analyze
Results

Communicate
Findings




Formulate a question

« Research questions should be:
« Crunchy (either true or false)

* Asking a gquestion about

something that can be
observed: How, What, When, £ =
Who, Which, Why, or Where? "

- Background research should
make sure the questions should
reflect the state of the art

Ask a
guestion

,f.[ Data Science in the Wild, Spring 2019



ypotheses Making

 The scientific method asks for a clearly
defined hypothesis:

* an educated guess about how things
oK Construct a

- An exploratory data analysis can teach us Hypothesis
about the data, but it is not enough

* We need to show that the prediction is
accurate and thus the hypothesis is
supported or not

'."H Data Science in the Wild, Spring 2019




Levels of Modeling

X Mean: 54.26

- Classification and class probability

X SD : 16.76

estimation M 1m
- Regression (“value estimation”) L DN ,.
» Similarity matching o Gl e B
° Clustering : § I — e T P
- Association discovery ;1 ISR (N I A
* Profiling s EuFRGT N -
- Data reduction S RN I -

« Casual modeling

https://www.autodeskresearch.com/publications/samestats

Q
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Analyzing Results

 Be ready to fall
 Science is about taking some risks

 Analysis should lead to something bigger than Analyze
just the current problem Results
* In the academia, to the construction of
theory

* In practice, to the construction of
generalizable business practices

'."H Data Science in the Wild, Spring 2019



Communicating Findings

Description of the hypotheses (so readers will
Know what had failed)

Review of the state of the art
Comprehensive description of the method

* The standard is reproducibility
Explanations of measures

The actual findings, in a way that is both
truthful and appropriate to the audience

A discussion of the meaning of the findings

'."H Data Science in the Wild, Spring 2019

Communicate
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Thinking about the writing

nat is the problem?
Ny is it interesting and important”?
Ny is it hard? (E.g., why do naive approaches fail?)

Ny hasn't it been solved before? (Or, what's wrong with previous
proposed solutions”? How does mine differ?)

- What are the key components of my approach and results?What are
the limitations”?

= ===

https://cs.stanford.edu/people/widom/
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The Data Science Process

Ask a Do Background Construct a
question Research Hypothesis

Do Exploratory
Research

Q
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Test it

Analyze
Results

Communicate
Findings
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