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Data Preparation Is Still the Bottieneck!!!
2014 2020

€he New York imes _) ANACONDA
For Big-Data Scientists, Janitor Work’ The State of Data Science 2020
Is Key Hurdle to Insights Moving from hype toward maturity

Zfet far too ml'lch”h‘:andcrafted 'woik — \:rhat d.ata. scientistf ca?l . We were disappointed, if not surprised, to
data-I wrangling, . da.ta mungmg and .data ].amtor work” — is still see that data wrangling still takes the lion’s
req.ulred. Data scientists, according to interviews anq ex‘pert ' share of time in a typical data professional’s
estimates, spend from 50 percent to 80 percent of their time mired day. Our respondents reported that almost
in this more mundane labor of collecting and preparing unruly half of their time is spent on the combined

digital data, before it can be explored for useful nuggets. tasks of data loading and cleansing. Data

https://www.nytimes.com/2014/08/18/technology/for-
big-data-scientists-hurdle-to-insights-isjanitor-work.html

https://www.anaconda.com/state-of-data-science-2020



http://www.nytimes.com/2014/08/18/technology/for-
http://www.anaconda.com/state-of-data-science-2020

Trend: Data Prep ahout 38% of effort

2022

4

") ANACONDA

PTAX

DATA PROFESSIONALS AT
WORK

How do data scientists spend their time?

Data professionals spend their time on a variety of tasks that require
diverse technical and non-technical skills. Respondents indicated
they spend about 37.75% of their time on data preparation and
cleansing. Beyond preparing and cleaning data, interpreting results
remains critical. Data visualization (12.99%) and demonstrating
data’s value through reporting and presentation (16.20%) are
essential steps toward making data actionable and providing
answers to critical questions. Working with models through
selection, training, and deployment takes about 26.44% of
respondents’ time (-8.56% YoY).

https://www.anaconda.com/state-of-data-science-2022

Data preparation

Data cleansing

Reporting and
presentation

Data visualization

Model selection

n=1966

Model training


https://www.anaconda.com/state-of-data-science-2022

Why Is Data Preparation Hard?

Collection Cleaning Integration Analysis

- J
Y

How much time is spent on preparation?

1. Too many small problems (e.g., standardize date, dedup address, etc)

2. Humans have different levels of expertise (in data science and programming)

3. Domain specific (finance, social science, healthcare, economics, etc.)
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Three Directions

« Spreadsheet GUI
 Workflow GUI
 Notebook GUI
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Spreadsheet GUI

Q

©

CUSTOMER ANALYSIS >

customer v

o By B-oa- b B3 A- BEES {3 T IS4 on 8 @ A
+# IMSI v © CONTRACT_END v CONTRACT_START v SUBSCRIBER_AGE v RBC STATUS
____
w oo o AINRN OTAAAATATATATY Romwonmnmnnm. L
310T-310.26T Jan 2013 - Dec 2016 Jan 2000 - Dec 2014 2 Categories
310170226812721 6/4/16 7/29/69 ACTIVE I
310160900766700 3/28/15 16/6/13 1 ACTIVE
310170546822541 9/23/16 1/9/87 7 ACTIVE
310005432849230 5/29/15 2/14/01 13 ACTIVE
3100826939721985 9/11/15 9/18/10 4 ACTIVE
3100260815466952 8/27/15 3/13/06 8 ACTIVE
310170484724861 1/16/16 5/11/064 ACTIVE
3101707656408471 085-Jul-2011 9/11/06 4 INACTIVE
310260318245556 12/24/15 3/28/01 13 ACTIVE
310150834295817 3/6/15 7/26/60 14 ACTIVE
310160464252516 9/25/15 4/4/64 18 ACTIVE
3101204387568772 4/38/16 9/8/04 10 ACTIVE
310260195729676 1/16/15 1/3/04 11 ACTIVE
3100826261822880 8/13/13 11/23/08 4 INACTIVE
3100085667082048 8/4/16 16/22/14 ACTIVE
3101708360208164 1/22/15 18/19/14 2] ACTIVE
310160772267782 11/21/15 12/28/14 ACTIVE
310170116249240 27-Sep-2011 2/9/089 INACTIVE
310026110612337 5/29/15 3/29/05 9 ACTIVE
310260681676970 11/17/16 5/21/07 7 ACTIVE
31008044366308316 9/15/16 7/24/11 ACTIVE
310120423699542 2/27/15 6/29/11 3 ACTIVE
310120773194729 4/28/16 6/15/04 10 ACTIVE
310030295859214 2/7/15 3/24/12 2 ACTIVE
310812150088547 13-Jan-20809 12/108/85 3 INACTIVE
310120387060694 18/1/16 18/25/11 3 ACTIVE

19 Columns

20,000 Rows

8 Data Types

Show only affected

Rows

Q

Pattern Details CONTRACT_END

Run Job

Hide Example Values

m| /|dd| /| yy

9/18/15
6/13/15
5/21/15
12/12/15
1/16/16

m /|d /|yy

6/5/15
4/4/15
12/8/16
7/2/14
11/6/15

dd |- month-abbrev| -

14-Nov-20812
11-Jul-20087

AA 1.1 Anan

yyyy

e 12.65k

e 537k

Trifacta




Workflow GUI

R Prescriptve @

Salect

Erowse {41}~ Configeration v IN | atteryx_Excel_Usersypmd® X+
I 3
[5‘ [ M B | 1.735 records displayed, 14 fields, , 121 KB | & -
& Profile
© 2 2
o i Input Data Data Preparation Data Blend
g ;
g Customers Crosstab \ |lter
T 4 - i L
& CRM
20 o =
gg2¢g8 ‘ on n
BoFaS & S VLOOKUP
ving ety top 20 ‘e
Date Chualey V - ; -
Boo%x 00% 00% 1000 % Transactions Formula / lSummanzt—: /
NOTOK  NULL EMPTY  OK y
AWS 2] Calculate Fields | [Pwot Table
e — |
Data Type V_String G |
sualytics
Size 255 y
Non-Nulls 1735
Uniques 86
Nulis 0
v
Blanks 0 . .
Values with Leading 0 Results - Browss (41 v I
Whitespace
40f 14 s - N v - 73 rds displayed, 121K
Values with Trailing " 14 of 14 Frelds v | Cell Viewer 1736 records displayed, 121KB
Whitespace ~ — Record & Customer 1D City Customer_Segment First_Name Last_Name Responder State Store_Number Suite rald
1 5 Denmver Home Offc LINDA TREVINO Mo co 100 80221 s
fh'::" (ca.fant S 2 3 Demer Home Of - MACK No o 106 80218 |6
= 3 7 Greenmood Vilage | Home Office MARISSA LATTA Mo o 105 so111 17
Average Length 4 Gaytord St Certennial Home Offce PHYLLS WALKER 101 8
5 4497 Cormnish Way Demver Home Office VIVIAN GAULDEN > C 105 9




otebook GUI

: Ju pyte I' dataprep Last Checkpoint: 9 minutes ago (unsaved changes)

File Edit View Insert Cell Kernel Widgets Help

B+ < @ B 44 ¥ MRun B C » Code v =

In [7]: from dataprep.eda import plot
from dataprep.datasets import load dataset, get_dataset names

df = load dataset("titanic")
plot(df, "age")

Out[7]: Stats Histogram KDE Plot Normal Q-Q Plot Box Plot

age

* age has 11 outliers
o
8

60

20 ~

dataprep

2023-01-12 0




Which Direction To Go?

Data Prep Market was valued at USD 3.29 Billion in
2019 and is projected to reach USD 18.11 Billion by
2027, growing at a CAGR of 25.64% from 2020 to 2027 97

Source: https://www.verifiedmarketresearch.com/product/data-prep-market/

Three Directions

* Spreadsheet GUI ~—
«  Workflow GUI —

 Notebook GUI —— Targeted at data scientists

Steven Bergner - CMPT 733 10

Targeted at non-programmers

2023-01-12



http://www.verifiedmarketresearch.com/product/data-prep-market/

Data Preparation Tasks

Data Collection

Data Cleaning

Data Integration

2023-01-12 Steven Bergner - CMPT 733 11




Data Preparation Tasks

Data Collection
> Where to collect
> How to collect

Data Cleaning

Data Integration

2023-
01-12

Steven Bergner-CMPT 733 12




Where to Collecd?

Internal Data

> Data Warehouse (Tabular Data) DATA
WAREHOUSE DATA LAKE
- System Logs (Text Files) —
> Documents (Word, Excel, PDF) | 7
> Multimedia Data (Video, Audio, Image) ——

[Aside: AWS Data Lake on S3]

2023- Steven Bergner-CMPT 733 (K]



https://docs.aws.amazon.com/whitepapers/latest/building-data-lakes/data-lake-foundation.html

Where to Collecd?

SFU_ Library,

External Data

-Web Pages
-Web APIs (https://github.com/public-apis/public-apis)

Simo*raser
University

Simon Fraser University

Simon Fraser University is a public research university in British

>Open Data (data.vancouver.ca, www.data.gov)

Address: 8888 University Dr, Burnaby, BC V5A 1S6
2 You visited in March 2020 v

o Kn 0W| ed g a G I'Q p h (Wi ki d uiu , Free bu Se) / :l:,t::;g;:i;?;: ::iii:;)and fees: 2,770 CAD, International tuition

Total enrollment: 30,000 (2020)

President: Joy Johnson

Mascot: McFogg the Dog

2023- Steven Bergner-CMPT 733 14



https://github.com/public-apis/public-apis
https://data.vancouver.ca/
https://www.data.gov/

Data Classification

Data

)
Structured emi-structured Unstructured

Is LeBron breaking the aging curve?

T
Team W L Pt GB Conf Div Home Away L10 Stk CLE - James Layup Shot: Missed & 0&?8
1 J Rockets 20 4 833 - 112 32 83 121 91 W9 \ 0 Q SR som
CLE - James Rebound (Off:1 Def:0) g 06:46
i - - - - - CLE
2 @ Warriors 21 6 778 05 o4 21 83 133 82 Wé : a During his 15th NBA season, Cleveland Cavaliers star LeBron James is
06:45 performing at a level that echoes the prime that saw him win four MVPs.
3 y Spurs 98 704 25 94 41 132 66 82 W4 CLE - James Reverse Layup Shot: Made (2 PTS) CLE
9-15 @ As James nears his 33rd birthday later this month, his performance at that age
4 0 Timberwolves 16 11 .593 55 13-5 4-1 9-4 7-7 6-4 W2 ‘ stands up to any of his predecessors, including Michael Jordan's 1995-96
that produced an MVP, a then-record 72 wins and a championship.
st : Out-of-Bound : E Season
Oppage: LULoIrBouncs 06:29 (Because James entered the NBA directly out of high school, NBA experience
‘ isn't the best way to compare how he's aging to his peers. After all, Jordan's 15th

LIIE]

year was actually his final one in the NBA at age 40.)

Steven Bergner-CMPT 733




Challenges

* Data Discovery
> How to find related data?

* Data Privacy .
] «  Data masking
> How to protect user privacy? - Differential privacy
0 Securif)l  Follow data access rules
.  Encrypt highly confidential data
> How to avoid a data breach?

2023-01-12 Steven Bergner - CMPT 733

» Domain knowledge
e |Information retrieval skills




Getting Data

From CSV Files
From JSON Files
From the Web
From HDFS

From Databases
From S3

From Web APIs




Load Data From CSV Files

CSV is a file format for storing tabular data

Reading CSV File (pandas library)

import pandas as pd

df = pd.read csv('rankings.csv')

2023-01-12 Steven Bergner - CMPT 733



Load Data From JSON Files

JSON is a file format for storing nested data (array, dict)

Reading JSON File (pandas Libaray)

import pandas as pd
df=pd.read json("players.json")

2023-01-12 Steven Bergner - CMPT 733 19




Web Scraping

Open web pages
> urllib2 (https://docs.python.org/2/library/urllib2.himl)
> request (http://docs.python-requests.org/en/master/)

Parse web pages
> Beautiful Soup (https://www.crummy.com/software/BeautifulSoup/)

> [xml (http://Ixml.de/)

Putting everything together
> Scrapy (hitps://scrapy.org/)



https://docs.python.org/2/library/urllib2.html
http://docs.python-requests.org/en/master/
http://docs.python-requests.org/en/master/)
https://www.crummy.com/software/BeautifulSoup/
http://www.crummy.com/software/BeautifulSoup/)
http://lxml.de/
http://lxml.de/)
https://scrapy.org/

Before you scrape

Check to see if CSV, JSON, or XML version of an HTML page are available
- better to use those

Check to see if there is a Python library that provides structured access
(e.q., dataprep)

Check that you have permission to scrape

From “Deb Nolan. Web Scraping & XML/Xpath”



https://drive.google.com/open?id=1274pH3aG79GWoct2aYi4fkFDdZqvdCb0

If you do scrape

*Be careful to not to overburden the site with your requests
*Test code on small requests

-Save the results of each request so you don’t have fo repeat the request
unnecessarily

- (AFICHA

From “Deb Nolan. Web Scraping & XML/Xpath”



https://drive.google.com/open?id=1274pH3aG79GWoct2aYi4fkFDdZqvdCb0

Data Collection

Data Cleaning
> Dirty Data Problems
> Data Cleaning Tools
> Example: Outlier Detection

Data Integration

2023- Steven Bergner-CMPT 733 23




Dirty Data Problems

From Stanford Data Integration Course:
1) Parsing text into fields (separator issues)
2) Missing required field (e.g. key field)
3) Different representations (iphone 2 vs iphone 21 generation)
4) Fields too long (get truncated)

5) Formatting issues - especially dates
6) Outliers (age = 120)




Data Cleaning Tools

Python Not Many Tools.

> Missing Data (Pandas) That's why we are building DataPrep (
> Deduplication_(Dedup)

) import pandas as pd
O p e n Refl n e Z;’oi\ d:taprep.clean" import lcl]..eal"'l_cotmtfy . . :
"233"p :D:zaframe({ country": ["USA", "country: Canada", France ",
> Open-source Software (http://openrefine.org) el Wl
> OpenRefine as a Service (RefinePro) country country_clean
o USA United States
Data Wrangler ; o o
> The Stanford/Berkeley Wrangler research : ~ Turey
project
> Commercialized (Trifacta)
2023- Steven Bergner- CMPT 733 25
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http://pandas.pydata.org/pandas-docs/version/0.17.1/missing_data.html
https://github.com/datamade/dedupe
http://openrefine.org/
http://refinepro.com/
https://www.trifacta.com/

The ages of employees in a US company

CZO 21 21 22 26 33 35 36 37 39 42 45 47 54 57 6l 62

Meun=i it X; =37

[37 — 2% 16,37 + 2 x 16] = [4, 70]

Stddev = \/%Z{‘ﬂ(xi — mean)? = 16




The ages of employees in a US company

120 21 21 22 26 33 35 36 37 39 42 45 47 54 57 61 62(400

Mean =§Z{‘=1xi = 56

[56 — 2 %83, 56+ 2 *83] = [-109, 221]

Stddev = \/%Z{Ll(xi — mean)? = 83




The ages of employees in a US company

G)ZO 21 21 22 26 33 35 36 37 39 42 45 47 54 57 o 62@(—)5)

Medion= median(X) = 37 [37 — 215, 37 +2*15] = [7, 67]

MAD= median (X — median(X)) =15




Data Preparation Tasks

Data Collection

Data Cleaning

Data Integration

> Data Integrafion Problem

- Three Steps (Schema Matching, Entity Resolution, Data Fusion)
> Example: Entity Resolution

2023-
01-12
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Data Integration Problem

Data Source 1 (from CourSys) Data Source 2 (from survey)
Frtane iz ane Tuerc_ Namo | Backgrownd
Michael Jordan Mike Jordan C++, CS,4 years
Kobe Bryant 48 Kobe Bryant Business, 2 years

Data Integration???

Name | Mark _| Background

Integrated Data Michael Jordan 50 C+t+, CS,4 years
Kobe Bryant 48 Business, 2 years

2023- Steven Bergner- CMPT 733 30




Data Integration: Three Steps

Schema Mapping

> (reating a global schema
> Mapping local schemas to the global schema

Entity Resolution
> You will learn this in detail later

Data Fusion
> Resolving conflicts based on some confidence scores

Want to know more?®

> Anhai Doan, Alon Y. Halevy, Zachary Ives. Principles of Data Integration. Morgan Kaufmann
Publishers, 2012.

2023- Steven Bergner-CMPT 733 31



http://research.cs.wisc.edu/dibook/

Entity Resolution

2023-

Apple iPad ablet (64GB Wifi + AT&T 3G
Black) NEWE

Apple iPad XX6LL/A Tablet (64GB, Wifi + AT&T 3G, Black)
NEWEST MODEL

Apple iPad .7" LED 64 GB Tablet
Computer - WI-FTT9G -

Brand Apple - Weight 1.40 Ib - Screen size 9.70 in

There's more to it. And even less of it. Two cameras for FaceTime
and HD video recording. The dual-core A5 chip. The same 10-hour
battery life. All in a thinner, lighter design.... more...

Black iPad 8gb

The iPad 2 is the second and current generation of the iPad, a
tablet computer designed, developed and marketed by Apple. It
serves primarily as a platform for audio-visual media... more...

$660 and up

(3 stores)

[] Compare

(Share and Compare)

$642 and up

(10 stores)

[] Compare

(Share and Compare)

$599
eCRATER

[ ] Compare
(Share and Compare)

Steven Bergner-CMPT 733
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Ovutput of Entity Resolution

ID Product Name

ry  iPad Two 16GB WiFi White $490
r.  iPad 2nd generation 16GB WiFi White $469
r3  iPhone 4th generation White 16GB $545 (I’1, r2) , (r3, I’5)
r4  Apple iPhone 3rd generation Black 16GB $375
rs  Apple iPhone 4 16GB White $520

2023- Steven Bergner- CMPT 733 33




Entity Resolution Techniques

Similarity-based
> Similarity Function Jaccard(r,s) = \%\
> Threshold (e.g., 0.8)

Jaccard(r1,r2) =0.920.8 Matching
Jaccard(r4,r8) =0.1 < 0.8 Non-matching

Learning-based o e
> Represent a pair of records as a feature vector

2023- Steven Bergner-CMPT 733 34




Similarity-based

Suppose the similarity function is Jaccard.
Problem Definition

Given a table T and a threshold 8, the problem aims to find all record
pairs (r,s) € TXT such that Jaccard(r,s) = 0

The naive solution needs n? comparisons

2023- Steven Bergner- CMPT 733 35




Filtering-and-Verification

Step 1. Filtering

> Removing obviously dissimilar pairs

Step 2. Verification
> Computing Jaccard similarity only for the survived pairs




How Does Filtering Work?

What are “obviously dissimilar pairs”?2
> Two records are obviously dissimilar if they do not share any word.

> In this case, their Jaccard similarity is zero, thus they will not be returned as a result and can
e safely filtered.

How can we efficiently return the record pairs

that share at least one word?

> To help you understand the solution, let's first consider a simplified version of the problem,
which assumes that each record only contains one word

2023- Steven Bergner-CMPT 733 37




A simplified version
Suppose each record has only one word. Write an SQL

query to do the filtering.

1 APPIe SELECTT1.id, T2.id

ro Apple
FROM Table T1, Table T2

r; Banana _ _
WHERE T1.word = T2.word and T1.ild < T2.id

r4, Orange

's Banana

Does it require n# comparisons ?
Output: (r1, r2), (r3, r5)

2023-
01-12
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A general case

Suppose each record can have multiple words.

ry Apple, Orange
r, Apple
Flatten
rs Banana
r, Orange, Apple

's Banana

2023-

ri Apple
1 Orange
2 Apple
I; Banana
r, Orange
r4 Apple

l's Banana

Steven Bergner- CMPT 733

This new table can be thought of as
the inverted index of the old table.

Run the previous SQL on this new table

and remove redundant pairs.

39




Not satisfied with efficiency?

Exploring stronger filter conditions
> Filter the record pairs that share zero foken
> Filter the record pairs that share one foken

o

> Filter the record pairs that share k tokens

Challenges

> How to develop efficient filter algorithms for these stronger conditions?

Jiannan Wang, Guoliang Li, Jianhua Feng.
Can We Beat The Prefix Filtering? An Adaptive Framework for Similarity Join and Search.

SIGMOD 2012:85-96.

2023- Steven Bergner-CMPT 733 40



https://scholar.google.ca/scholar?cluster=3738306890680168220&hl=en&as_sdt=0,5

Not satisfied with result quality?

TF-IDF

> Use weighted Jaccard: WJaccard(r,s) = wt(rns)

wt(rus)

Crowdsourcing
> Ask human to decide whether two records are matching or not

o o e o O,

Learning-based
> Model entity resolution as a classification problem VAR

0‘0¢‘0

2023- Steven Bergner-CMPT 733 41




Crowdsourcing

CMPT 884: Human-in-the-loop Data Management (SFU, Fall 2016)
https://sfu-db.qithub.io/cmpt884-fall16/

2023- Steven Bergner- CMPT 733 42




A NEW YORK TIMES BUSINESS BESTSELLER

As entertaining and thought-proy as The Tipping Point by
Malcolm Gladwell. . . . The Wisdon vds ranges far and wide.”

THE WISDOM

The Wisdom of Crowds OF CROWDS

JAMES

'
WITH A NEW AFTERWORD BY THE AUTHOR

What does it mean?
> Two heads are better than one

Some famous examples

The Norwich line steamboat train, from New-
London for Boston, this ran off the track
seven miles north of New-Londpn.

Concentrate...

morning

G

WIKIPEDIA

Steven Bergner- CMPT 733




Industrial Survey

%Gobaddy
= Microsoft

Company  Team Persona

Amazon Product classification Largely single-case user
Captricity =~ Focus of large part of company Largely single-case user

Dropbox Single person consulting several teams  Multi-case user / Internal provider
Facebook  Entities team Multi-case user

Flipora Startup CTO Multi-case user

GoDaddy  Small business data extraction Multi-case user

Groupon Merchant data team Multi-case user

Google Internal crowdsourcing team Internal provider

Google Web knowledge discovery team Multi-case user

LinkedIn Single person consulting several teams  Multi-case user / Internal provider
Microsoft ~ Internal crowdsouricng team Internal provider

Microsoft ~ Search relevance team Multi-case user

Youtube Crowdsourcing team Largely single-case user

Linked[[})

amazon
You {3 Google

facebook

4 aptricity

'l. |$’

GROUPON

Dropbox

Adam Marcus, Aditya Parameswaran. Crowdsourced Data Management: Industry and Academic Perspectives. FTDB2015 44



Amazon Mechanical Turk

500K+ workers*

Get Started with Amazon Mechanical Turk Timer: 00:00:00 of 2 minutes Want to work on this HIT? Total Earned: Unava
! Accept HIT Total HITs Submitted: 0

473,182 HITs
available now

amazonmechanical turk e )
o S Artificial Artificial Intelligence Your Account HITs | Qualifications

AllHITs | HITs Available To You | HITs Assigned To You

Requester: Jon Brelig Reward: $0.01 per HIT  HITs Available: 1  Duration: 2 minu
Qualifications Required: None

(Identify if two recsipts are the sam=

person

or
Create Tasks Make Money
Human intelligence through an API. Access a Make money in your spare time. Get paid for
global, on-demand, 24/7 workforce. completing simple tasks.
Create a Requester account Create a Worker account

* https://requester.mturk.com/tour

2023-01-12 Steven Bergner - CMPT 733




Crowdsourcing may not work ®

What if your data is confidential?
> E.g., Medical Data, Customer Data

Internal Crowdsourcing Platform

& C' @ GitHub, Inc. [US] | https://github.com/Scifabric/pybossa Q

O This repository Pull requests Issues Marketplace Explore A 4+~ . <
L] Scifabric / pybossa @MWatchv 60 | JStar 487 Y Fork 170
<> Code Issues 56 Pull requests 7 Projects 0 Wiki Insights

PYBOSSA is the ultimate crowdsourcing framework (aka microtasking) to analyze or enrich data that can't be processed by
machines alone. http://pybossa.com

crowdsourcing pybossa python citizenscience citizen science microtasking opensource knowledge research crowd

2023-01-12 Steven Bergner- CMPT 733




Crowdsourcing may not work ®

What if your data is so big?
> E.g., Label 10 million images




Active Learning




Active Learning

Supervised Learning Active Leaming

2023-01-12 Steven Bergner- CMPT 733 49




Workflow

Supervised Learning Active Leaming
- [ | abeled
Data l
Data | === "anjt'gd —>*Model Data *Model

2023-01-12 Steven Bergner- CMPT 733 50




Query Strategy
Which data points should be labeled?

> Uncertain Sampling

> Query-By-Committee

> Expected Error Reduction

> Expected Model Change
>Variance Reduction

> Density-Weighted Methods

Settles, Burr. "Adtive learning literature survey." University of Wisconsin, Madison 52.55-66 (2010): 11.

2023-01-12 Steven Bergner- CMPT 733 51




Pick up most uncertain datapoints to label

3 | . |

2

1

OF= ol
-1 F

2

3

Logistic Regression
> predict_proba(X)

2023-01-12 Steven Bergner- CMPT 733 52




Preppin’ Data

Aweekly challenge to help you learn to prepare data and

Summary o Tt Prop

https://preppindata.blogspot.com/

Data Collection
> Where to collect, How to Collect

Data Cleaning
> Dirty Data Problems, Data-cleaning tools

Data Integration
> Schema Mapping, Entity Resolution, Data Fusion

Entity Resolution
> Similarity-based, Crowdsourcing, Active Learning

2023-01-12 Steven Bergner- CMPT 733



