INTRODUCTION
TO DATA SCIENCE

This lecture is
based on course by E. Fox and C. Guestrin, Univ of Washington



What is classification?
=

From features to predictions

features derived | aqen XYy
from data relationship  predict y.

categorical "output’,

class or label
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Overwiew of content
.

Linear , : Alleviating
classifiers Gradient overfitting
| Logistic 1 _, Stochastic _r Handling
regression gradient missing data
| Decision 1 _F Recursive _r Precision-
trees greedy recall
: Online
Ensembles Boosting learning
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Sentiment classifier

Input X:  Easily best sushi in Seattle.

¥

Sentence Sentiment
Classifier

Output: y ‘ '
Sentiment
&
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Classifier
=

Sentence
from
review

Output; y £

Predicted =
class ‘5

Input: X

Note: we'll start talking about 2 classes, and address multiclass later
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Linear classifiers
5

#awesome 1.0

#awful T #Score{x) = 1.0 #awesome - 1.5 #awful

Score(x) < 0

Hawesome
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Logistic regression represents probabilities
P(y=+1|x,W) = 1

1+ eWh
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Learning ,,best” classifier

e J
Maximize likelihood over all possible w,,w,,w,

2(w,=0, wy=1, w,= 15) 106
Llwo=1, w,=1, w,=- 15) 10>

: #Hawful

Best model with
gradient ascent:
Highest likelihood #( )

=1 =05 =-15)

L L I 7 -

Hawesome
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Overfitting & regularisation

— —
True error

Training error

Classification
error

Model complexity
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Decision trees

excellent
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Overfitting & decision trees

Decision Iree

Deith 1 Deith 3 Deith 10

Logistic Regression

Degree 1 features Degree 2 features Degree 6 features
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Alleviate overfitting by learning simpler trees

) the one with fewest assumptions should be
selected”, William of Occam, 13t Century

Complex Tree Simpler Tree
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Handling missing data

Credit Term Income Yy excellent

excellent 3yrs  high  safe

fair ? low  risky
fair 3yrs  high  safe

poor Syrs  high  risky

excellent  3yrs low  risky or unknown

fair S5yrs  high  safe

poor ? high  risky

poor 5yrs low  safe

fair ? high  safe
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Boosting questions
I

“Can a set of weak learners be combined to

create a stronger learner?” Kearns and Valiant (1988)

@
@
@

Amazing impact: « simple approach = widely used in

industry = wins most Kaggle competitions
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Boosting using AdaBoost

Income=>S100K? Credit history? Savings>$100K?

Market conditions?

Ba \Gaood
ﬁ €

Ensemble: Combine votes from many simple
classifiers to learn complex classifiers
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Precision - recall

Goal: increase
# guests by 30%

Need an automated,
“authentic”
marketing campaign

| -
Great quotes Spokespeople

"Easily best sushi in Seattle.”

Accuracy not most important metric
P -

PRECISION RECALL

Did | (mistakenly) show a Did | not show a (great)
negative sentence??? positive sentence???
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Scalling to huge dataset & on-line learning

Ewitter YlJlI

4 8B webpages 500M Tweets/day &R wewg/day

Stochastic gradient: tiny modification to gradient,

a lot faster, but annoying in practice

)

Avg. log likelihood

1€ (Gradient

Hetter

|
e
-

= S5GD, step_size=1e-01 {*} |]
= batch GD, step_size=5e-01

—0.8, 20 40 60 80 100

# of passes over dataset
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