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What is a Data Scientist?

Data scientists?

awesome nerds



Why is data science different
from other fields?



Unstructured Data

Documents
Webpages
Images
Audio
Video
More...



Growth

35 1
30 /
Z
e
25: 4
t
t
20 4
a
b 2 ===|Jnstructured Data
y —=Structured Data
t Wl
e
el
0 + v N ~ - v r - - -

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2015 2020

Year

http://www.emc.com/leadership/programs/digital-universe.htm



Big Data

Any dataset where the size or speed of
incoming data causes difficulties in processing

* Volume
* Velocity
* Variety



Law of Data

18 Months

the amount of time for digital data to double



Why do you care?

“Every single industry will be totally

revolutionized by big data”
- Joe Tucci, EMC



Big Data Examples

Google: > 100 PB; > 1T indexed URLs
Facebook: 1 billion users; 40 billion photos
YouTube: > 750 PB
Twitter: > 55 billion tweets/year;
> 150 million/day; 1700/second

Text messages: 6.1 T/year; 876/person/year
US cell calls: 2.2 T minutes/year;

19 minutes/person/day

~ size of a YouTube



Driving Forces




Sensors and The Internet of Things
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Data Science Job Listing

o Analytics and Data Science Job Growth
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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 still
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 you don’t know
anyone. 50 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

7¢ Harvard Business Review October 2012
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The World’s 7 Most Powerful
Data Scientists

“The success of companies like Google, Facebook,
Amazon, and Netflix, not to mention Wall Street
firms and industries from manufacturing to retail
and healthcare, is increasingly driven by better tools
for extracting meaning from very large quantities of
data.”

- Tim O'Reilly
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#1 Larry Page, founder, Google
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#2

e Jeff Hommerbacher, Chief Scientist, Cloudera
e DJ Patil, U.S. Chief Data Scientist, White House
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e Peter Norvig, Director of Research, Google

e Sebastian Thrun, Professor, Stanford University
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My Own List

Hilary Mason Amit Singhal 18



Recommendation Systems



Information Overload
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Book Recommendation systems

e Amazon.com recommends books based on
your purchase history (and others’)

Yi, Welcome to Your Amazon.com (1f yeu're not Yi Fana, ik here.)

Today's Recommendations For You

Here's a daily sample of items recommended for you. Chck here to see all recommendations.

« INSIOE! X INSIOE! K INSIDLY
CAUSALITY Dodes Petern
& =
L NS :

Rata Anatysis with Opan Sou.. Cauzalty; Modals, Reasoning Raman Pattarng; Clamants of E ware:
(Paperback) by Phulipp K. Janert and... (Mardcover) by Judea Reus... (Hardcover) by Ench Ha... (Paperback) by Steve W . by Danigl
Yodede ey (23) $25.30 Gamma McConnell W, Lawis

r (3) S42.79 TR eIy (297) SR PRARY: (150) 52954 yoredrife {31) $82.96

Fix this recommendation

Fix thes recommendation

<
x thes recommendation Fix this recommendation Fix this recommen



Movie Recommendation systems

 Netflix predicts other “Movies You’ll Love”

Browse Browse Movies Friends & | DVD Sale
9

Queue You'll ® | Community $5

Home Genres< NewReleases NefflixTop 100 Critics'Picks  Award Winners

Because you enjoyed:

YOUR RECENT ACTMITY
Chinatown 04/14 We shipped
Vertigo

Dr. Strangelove 04/14 We received

03/26 We received
We think you'll enjoy:

The Last Laugh SUGGESTIONS FOR YOU

You have new suggestions in Movies You'll ¥

» Recommendations drives more than 60%
Netflix’s DVD rentals [Thompson, 2011]



Recommendation algorithms

NETELIX

Netflix P

Home Rules Leaderboard
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Good Mekand thanks for helging!

Movka Youve See

Cive a friend

> Netflix Prize:

Beat Netflix’s own
recommender system
with 10% margin,
Win S$1 million

> Testbed:
480,000 users
18,000 movies



News Recommendation
Google - I

News 1.5, edition ~ Modern ~

Top Stories Recommended
Mews near you State cuts lottery winner's benefits

Recommended By Chad Livengood After taking a $700000 lump sum and paying taxes, Clayton pocketed about

Tiger Woods 5500000 and bought a new home and car, said Euline Clayton of Lincoln Park.
Zynga
Mitt Romney Syrian deputy oil minister defects, calls Bashar Assad's regime a
Molycorp 'sinking ship'
Starbucks ; o )
Apple TV BEIRUT - Syria's deputy oil minister appeared tense as he looked at the camera and announced in a
pp_ ) ) video that he has defected from President Bashar Assad's regime, acknowledging he expects
Vladimir Putin government forces to *burn my home” and “persecute my family.
Sarah Palin FBI investigating Auburn point guard Varez Ward
Lindsay Lohan
Bob Kerrey The FBI is investigating suspended Auburn point guard Varez Ward for his alleged role in a point-
Mitt Romney shaving scandal, school officials confirmed Thursday.
Google Banda black market suspected as California tubas vanish
Jeremy Lin ) ) ) ) )
LOS ANGELES [(AP) - They've still got their trombones and their trumpets, their cornets and their
World clarinets. But the high school marching bands of Southern California are tuba-less these days, and
their music directars think they know why.
us. Northwestern's NCAA hopes take big hit with 75-68 OT loss to Minnesota
Business in Big ...

» Google News recommends news articles based on
clicks and browse history



Personalized Job Recommendation

User Click Prediction in Personalized Job
Recommendation

Miao Jiang, Yi Fang
Department of Computer Engineering
Santa Clara University
Santa Clara, California, USA
yfang@scu.edu

ABSTRACT

Major job search engines aggregate tens of millions of job
postingsonlineto enablejob seekersto find valuable employ-
ment opportunities. Predicting the probability that a given
user clicks on jobs is crucial to job search engines as the
prediction can be used to provide personalized job recom-
mendations for job seekers. T his paper presents a real-world
job recommender system in which job seekers subscribe to
email alert to receive new job postingsthat match their spe-
cific interests. The architecture of the system is introduced
with the focus on the recommendation and ranking compo-
nent. Based on observations of click behaviors of a large
number of usersin a major job search engine, we develop a
set of features that reflect the click behavior of individual
job seekers. Furthermore, we observe that patterns of miss-
ing features may indicate various types of job seekers. We

Huangming Xie, Jike Chong, Meng
Meng
Simply Hired, Inc.
Sunnyvale, California, USA
{iike, huangming}@simplyhired.com

.' SimplyHired

Congratulations! You've successfully signed up for an email alert for Truck Driver jobs
near Minneapolis, MN. You're one step closer fo getting your next job, and we want fo
help you get there.

Here's what we found for you today See all matching jobs >

Truck Driver - Company Over The Road. We Train!
C.R. England | Minneapolis, MN | 1 day ago

Truck Driver - Team Regional. We Train!
C.R. England | Minneapolis, MN | 1 day ago

Cdl Truck Driver (Class A) - Ft Local: Minneapolis
Holland | Coon Rapids, MN | 10 days ago

Class A Cdl Company Truck Driver - Regional
Knight Transportation | Minneapalis, MN | 5 days ago

Figure 1: An example of Simply Hired’s email alert
service for job recommendation.



Point-of-Interest Recommendation

L e—
* Foursquare check-in

The Mud Truck
Astor Flace (M 4th Ave)

Y Amy L.
15 the mayor ’
* Google Place API ayre
3 tips from friends N

20 left by other people
12 photos

More info

v



Recommendation vs Search

Examples:
amazoncom P

A\ |
- del.icio.us JErell

Search Recommendations

movielens
helping you find the right movies

—— | lost-fm G()Ugle
“ Products, web sites, the soclel music revolution News

blogs, news items, ...
)
Youlllll Cive
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Types of Recommendations
e Editorial

e Simple aggregates:
- Top 10, Most Popular, Recent Uploads

e Tailored to individual users
- Amazon, Netflix, ...
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What is Collaborative Filtering?

Group of users

Group of items

N
'\'\

| like oranges
O\

» Observe some user-item preferences

» Predict new preferences

Does Bob like strawberries???



Data and Task

Set U={u,, ..., u,} of m users

Set I={i,, ..., i .} of n items (e.g. Movies, books)
Set R={r, ; } of ratings/preference

(e.g., 1-5, 1-10, binary)

Task:

- Recommend new items for an active user a
- Usually formulated as a rating prediction
oroblem

30



User-based Collaborative Filtering
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User-based Collaborative Filtering

III

“Similar users rate similarly
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User-based Collaborative Filtering

Consider the active user a

Find k other users whose ratings are “similar”
to a’s ratings

Estimate a’s ratings based on ratings of the k
similar users

Called k-nearest neighborhood method
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Neighbor Selection

e How similar are the users?

John Mary
A9 A 10
B 3 B 3
C C8
D D

ES ES

e Cosine Vector Similarity
?A Marry

John
7B

——————————————————————————————————————

________________________________________



Rating Prediction

* For a given active user, select the most similar
k users, based on their similarity

e Take the average of the k similar users’ ratings
on the target item



Exercise

* Predict User D’s rating on Iltem 4

ltem]l [ITtem?2 Item3 ITtemd Itembd
User A 4 4 1 4 3
User B 2 1 4 2 D
User C' 3 1 3 2 1
User D 5 4 2 3
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ltem-based Collaborative Filtering

III

“Similar items are rated similarly



ltem-based Collaborative Filtering

e Rather than matching the active user to
similar customers, finding items that get
similar ratings



—t

Finding Similar Items

Computed by looking into
co-rated items only. These co-
rated pairs are obtained from
different users.

2 - R

u (R_R e
m-1 (R R ¥

m R -




Amazon’s book recommendation

“Users who bought this book, also bought
that book”
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Click to LOOK INSIDE!

Cheiftoghes D Masaieg
Prabians

o SAdtre

Introduction to

Customers Who Bought This Item Also Bought

LUOK IRSIDE! LUK Biuoe!

=

Modern Information Retrieval:
The Concepts ...
> Ricardo Baeza-Yates

Foundations of Statistical Natural Language Processing Lucene in Action, Second
Natural Language ... with Python Edition: Covers Apache ...
> Christopher D. Manning ?* Steven Bird > Michael McCandless

W RY: (14) kXK (16) YR fedr (30)

"J Speech and Language
Processing (2nd Edition)
Dzaniel Jurafsky

Yook Kl (32) e ek (1)

Hardcover

$112.47

Paperback
$55.68

Hardcover

556.84

Paperback
$37.59

Paperback
$31.36
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