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Course Object

* Introducing students the cutting-edge research on data
management and data curation (preparation)

* Training students to master basic skills for being a researcher




Course Setup

» Grading
— Paper Review: 25% (writereview for 1 paper each week)

— Paper Presentation: 25% (35mins + 15mins QA, 1 or 2 presentations depends on
enrollment)

— Paper Discussion: 10% (ask at least 10 questions during paper discussions)
— Programming Assignments: 2 X 10% = 20%

— Exam: 20% (based on contents in the lectures)
* TA

— Yanshi Luo yanshi.luo@rutgers.edu




Policy

* Don’t be Late
— Everyone has a budget of 2 days to be used on assignments
— Once 1t 1s used up, 20% penalty per day for each late day

* Don’t Cheat
— We will do plagiarism check

— If you got caught, you will fail this course

If you are struggling, let us know!
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Course Overview




Data Science
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. 1234 0000 0000 O
0000 00/00

CARDHOLDER NAME

Customers who bought this also
bought

Apple iPhone 7 Unlocked
CDMA/GSM 32GB A1660
MNAC2LL/A - US Version (Black)
R g e 0 o

344 reviews

$705.86 ~Prime

Apple iPhone 7 Plus Unlocked
Phone 32 GB - US Version (Rose
Gold)

- A AR

145 reviews

$829.99 Prime

Ravmecve

.
A
|

7| Live traffic chance

Apple iPhone 7 Unlocked Phone
32 GB - US Version (Rose Gold)
A A Ay

344 reviews

- N Coogle mizz
' AdWords | ==

Save items for later. Press and hold items to :
drag them here.

EE

SPREADSHEET




Data Curation (Preparation)
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Data Curation (Preparation)
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The Landscape of Data Curation

=

Data Transformation

Data Discovery Data Wrangling Data Standardization
and many more...
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Data Curation Example
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Data Processing Pipeline

Analysis/ Predictive
Modeling Model

* What you think you do?

* What you really do?

I
I
I :
L Data Data Data Analysis/ Visualization

Discovery Cleaning Integration Modeling
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Course Topics

» Data Discovery

* Data Wrangling

« Data Transformation
« Data Standardization .
. They are all interrelated
 Data Cleaning

 Data Integration

e Data Visualization
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Data Discovery

» Merck has approximated 4000 Oracle databases, a large data lake, and
uncountable individual files. Data scientists spend >90% of their time
finding datasets relevant to their task at hand.

* Many data lakes:

— US Government open data: www.data.gov

— Climate Data Library: http://iridl.ldeo.columbia.edu/index.htmin
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Data Wrangling

* The process of transforming and mapping data from one "raw" data form into
another format with the intent of making it more appropriate and valuable for
a variety of downstream purposes such as analytics.

Bureau of I.A.
Regional Director | Numbers
Niles C. Tel: (800)645-8397

Fax: (907)586-7252 Tel Fax

Niles C. (800)645-8397 | (907)586-7252

Jean H. Tel: (918)781-4600 <:> Jean H. (918)781-4600 | (918)781-4604

Fax: (918)781-4604 Frank K. | (615)564-6500 | (615)564-6701
Frank K. Tel: (615)564-6500

Fax: (615)564-6701
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Data Wrangling

* The process of transforming and mapping data from one "raw" data form into
another format with the intent of making it more appropriate and valuable for
a variety of downstream purposes such as analytics.

@ lab_2010_transactions - 6 ~

Webinar 1/30 - Generate Results

Grid | Columns Find column Filters v { Recipe Add Step
sowce | A
transaction_date ## ticket_price ## discount ## column1 Choose a transformation
— derive
,-...lIIIIII . | I B gt _ s Creates a new column with the result of a formula
010 - Dec 2010 0-30 0.00-0.20 0-30
(wor iz v.us o v.o1
2 /08/19 29.99 -] 29.99
Formula
/09/18 29.99 -] 29.99
/18/18 29.99 () 29.99 ticket_price * (1 - dxscounl)l
M1/17 29.99 ] 29.99
12/17 29.99 ] 29.99
101/05 .01 ) .01 Group by
/81/05 9.99 ] 9.99
162/04 9.99 ] 9.99 chaosercolum
/03/06 9.99 0.85 9.490499999999999 [ ]
/84/05 9.99 L3 0.05 9.490499999999999
185/05 9.99 ) 9.99 Orderby I rl fe C t a
186/04 9.99 ) 9.99 it Fotais
/07/04 9.99 2] 9.99
/08/03 9.99 2] 9.99
189/62 9.99 ) 9.99 New column name
/10/02 9.99 2] 9.99
/el 9.99 0.85 9.490499999999999 String
2101 Q aa a aQ aa
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Data Standardization

= ACL ML+ NLP publications in 2017 1BM Research
M EMNLP o | IBM Research, NY
B EACL Tsinghua University
- TACL IBM > IBM ResearCh, USA
H CL University of Edinburgh IBM T. J. Watson Research Center
B CoNLL Facebook
B Starsem University of Cambridge IBM T. J. Watson Research
B NIPS UC Berkeley IBM T.J Watson Research Center
Massachuse?ts Iqstntute of Technology IBM T.J. Watson Research Center
Stanford University
Microsoft IBM T.J.Watson Research Center
Google . IBM Thomas J. Watson Research Center
Carnegie Mellon University
o o o IBM TJ Watson Research Center
o N
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Data Standardization

IBM Research

IBM Research, NY

IBM Research, USA

IBM T. J. Watson Research Center

IBM T. J. Watson Research

IBM T.J Watson Research Center

IBM T.J. Watson Research Center

IBM T.J.Watson Research Center

IBM Thomas J. Watson Research Center
IBM TJ Watson Research Center

“It strikes me as a little comical that it required such a
kludgey etfort to pull these numbers together...”

“I wrote a bunch of manual patterns to map names to
canonical versions (“UCL” to “University College
London” and “Google Inc” to “Google”), although it is
likely that I still missed some cases...”

“I've created a number of rules to map together
alternative organization names and misspellings...”
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Data Cleaning
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Data Cleaning

Inconsistent

FlightView FlightAware Orbitz
American Airlines Flight Number 119 (AA119) AAL]._\”' ,
Amcican Aiines “Ameica” American Airlines # 119

FL[GHT TRACKER Aircraft Boeing 737-800 (twin-jet) (B738/Q - track or photos)
Ol'i(il Terminal A / Gate 32 / Newark Liberty Intl (KEWR - tr; Leg 1: In Transit
Destination Terminal 4 / Gate 42B / Los Angeles Intl (KLAX - track

Other flights between these airports Departs: Newark (EWR) View real-time airpo
Departure Route ZIMMZ Q42 BTRIX Q450 AIR J80 VHP J80 MCT 124 SLN J102 ALS J44 RSK J
1 (Decode) .
Airport: Gate: 32
Scheduled Time-6:15 PM, Dec 08 Date 20115 12/ 08 (Thursday)
Takeoff Time:  6:53 PM, Dec 08 Duration 5 hours 43 minutes Scheduled Estimated Actual
Terminal - Gate: Terminal A - 32 20 minutes left 622 6:32
Progress 5 hours 23 minutes D.cc g I - D.cc 18)
ArrivalStatus: In Air
i " Arrives: Los Angeles (LAX) View real-time ay
Scheduled Timg:9:40 PM, Dec 08 Status  EnRoute (2,284 sm down; 168 sm to go)
9:42 PM, Dec 08 Distance  Direct: 2,451 sm Planned: 2,458 Gate: 42B
Estimated Time: Fare $51.99 to $3,561.11; average: $241.96 (airline insight)
" Track This Flight Live! Cabin First: Dinner / Economy: Food for sale Scheduled Estimated Actual
T Remsaiar 25 i heduled  7-day Average ActualEstimated 9:54p | 9:47p
T':"wm‘_ P Tﬂ:ﬂ. 4 4B Departure 7:08PM EST 06:53PMEST Dec® | Decg
Baggage Cm 4 Arrival 08:33PM PST J09:17PM PST 09:36PM PST
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Data Cleaning

Incomplete

Country UNRP UNRP chrlld Bank ~'WBGini A CIARP CIAGini CIAGini GPIGini
10%[4 ~  20%!! Gini (%)(¢! (year) 10%!7] (%)8] (year) (%)®!

E£ Seychelles \ 65.8 2007 /'\

[ Comoros M 64.3 2004

B% Namibia 106.6 56.1 63.9 2004 129.0 2003 59.7 2010

B= South Africa 33.1 17.9 63.1 2009 31.9 2000 65.0 2005

=== Botswana 43.0 20.4 61.0 1994 63 1993 \

BN Hait 54.4 26.6 59.2 2001 68.1 2001 59.2 2001 | =

Angola 58.6 2000 62.0

=== Honduras 59.4 17.2 57.0 2009 35.2 2003 57.7 2007
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Data Cleaning

 Address errors caused 6.8 billion undelivered mails in 2013

P « Estimated $1.5 billion spent on processing
« Atleast $3.4 billion wasted postage

UNITED STATES
POSTAL SERVICFE

DATA

Harvard Bad Data Costs the U.S. $3
susiness — Trillion Per Year

by Thomas C. Redman

SEPTEMBER 22, 2016
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Data Integration
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Data Integration
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Data Integration is Critical

GQ g Ie Rachel Abrams $ Q

All News Images Videos Shopping More Settings Tools

About 942,000 results (0.35 seconds)

Rachel Abrams - The New York Times

www.nytimes.com/by/rachel-abrams v

Rachel Abrams joined The New York Times as a business reporter in 2013. Before that, she had
written about the economics of the film industry for Variety magazine. ... Thomas Barrack’s Colony
Capital Ends Bid for Weinstein Studio.

Google Thinks I'm Dead - The New York Times
https://www.nytimes.com/2017/12/16/business/google-thinks-im-dead.html

Dec 16, 2017 - For much of the last week, | have been trying to persuade the world's most powerful
search engine to remove my photo from biographical details that belong to someone else. A search for
“Rachel Abrams" revealed that Google had mashed my picture from The New York Times's website

with the Wikipedia ... 0

6 Rachel C. Abrams @ me

@RachelAbramsNY
r, editor, and
H es; 4 External
How | spent a week trying to tell someone at " =50

Google that | wasn't dead yet

Rachel C. Abrams (@RachelAbramsNY) | Twitter
https://twitter.com/rachelabramsny?lang=en v

3619 tweets » 249 photos/videos * 4894 followers. Check out the latest Tweets from Rachel C. Abrams
(@RachelAbramsNY)

Rachel Abrams | Professional Profile - LinkedIn

https://www.linkedin.com/in/rachel-abrams-64539783 v
New York, New York - reporter - The New York Times

NE e AL b e 4 ah s B O

be me...?

Rachel Abrams <

American writer

Rachel Abrams was an American writer, editor, and artist. She was the
wife of Elliott Abrams. Wikipedia

g  — Pefinitely

not mee

Spouse: Elliott Abrams (m. 1980-2013)
Parents: Midge Decter
Children: Sarah Abrams, Jacob Abrams, Joseph Abrams

People also search for

Norman Ricky
Podhoretz Silberman

Podhoretz

Spouse

Feedback



Who has More Data Sources?

 Large manufacturing enterprise

— Has 325 procurement systems

— Estimates they would save $100M/year by “most favored nation status”
e Large drug company

— Has 10,000 bench scientists

— Wants to integrate their “electronic lab notebooks”
* Large auto company

— Wants to integrate customer databases In Europe — In 40 languages
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A Closer Look at Data Integration

Entity Resolution: Entity Consolidation:
Find Duplicate Records Merge Duplicate Records
|ID | Name | Address | Telephone
.P 1 1:2 Golden
P1 Mary Lee 9 St, Wisconsin (718) 453-0681
C1 6 Record
P2 M. Lee 9th St, WI 7184530681 & C1
P3  James Smith 3rdEAve, CA  212-213-2888x264 PS. °
P4  J. Smith 3 EAvenue, CA  (212)213-2888 C2

P5  Lee, Mary 9 Street, WI +1-718-453-0681 ¢ e

. P3 P4
P6 Smith, James  5th Street, WA +1-212-213-2888
,1 AV
.*'Schemar- Mappmg .,
-~
7
— 28

¢trulia Zillow

C2

Y
Golden
Record



Entity Resolution

EI Telephone stract as Sequences

Mary Lee 9th Street, WI (718) 453-0681 o bl P2
>— EditSimilarity = 0.86
P2 M. Lee 9th St, WI 718-453-0681 C1 P6
P3  James Smith 3rd E Ave, CA 212-213-2888x264 ° °
P4 J. Smith 3 E Avenue, CA (212) 213-2888 > EditSimilarity = 0.21 PS5 C2
P5 Lee, Mary 9 Street, WI +1-718-453-0681 o ®
P6 Smith, James 5th Street, WA +1-212-213-2888 P3 P4

machine-learning-based
imilarity Join: &
alculating All-Pair pruning non-duplicates
Similarity Scores

Abstract as Sets (Bag-of-Words)
P1[Address] 2 A = {9th, Street, WI}
P2[Address] = B= {9th, St, WI}
Overlap(A,B) = |ANB| =2

i T

Label

(P53, P6) 0.43 — . Inference

(P4, P5) 0 less similar  0.21 less 81m11ar Inference ————> P4 #£P5, P5=P2 — P4 £P2
Label

(2. F3) ! 0.71 . > 9 Inference

(P1, P2) 2 more similar 0.86 more similar >Ingerence ———> P1=P2, P2=P5 —> P1=P5

Similarity Partial Order Transitivity



Similarity Measures

Unnormalized Normalized
Sequence Edit Distance Edit Similarity
\Sﬂ/ Overlap Size Jacc.arc.l/C(.)sme
Similarity

OUTPUT
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Set Similarity Measures

Unnormalized Score Normalized Score
Sequence Edit Distance Edit Similarity
Set Overlap Size Jacc.arc.l/C(.)sme
Similarity
Overlap(A,B) = |AN B 3
d4,) =200
Jaccard(A,B) = AU B 0.6
ANB]

Cosine(A4,B) =

Vv |Al|B]



Set Similarity Measures

Unnormalized Normalized

Sequence Edit Distance Edit Similarity
Set Overlap Size Jacc.arc.l/C(.)sme
Similarity
Overlap(A,B) = |AN B 2
AN B] David Smith > A= {David, Smith}
Jaccard (A, B) = AU B| 0.66
| Smith R. David - B= {David, R,, Smith}
AND
Cosine(A,B) = | 0.82 32

Vv |Al|B]



