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This lecture is based on
Russell and Norvig’s introduction
to artificial intelligence.
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Take-away today
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(Almost) fully understand one complex machine learning model

Basis for hands-on training and applying this model
in next practical exercise

Exam: questions testing basic understanding of decision trees,
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Overview

1 Decision trees

2 NLTK
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Outline
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Decision tree for deciding whether to wait
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Decision tree for deciding whether to wait

(explain one path)
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Usefulness of attributes
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Decision tree learning
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Hand-designed vs. induced trees
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Decision tree learning: Importance?
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Entropy

Schütze & Zangenfeind: Decision Trees 15 / 27



Decision trees NLTK

Entropy

H(V ) =
∑

i

P(vi ) log2

1

P(vi)

= −
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P(vi ) log2 P(vi)
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Entropy: Restaurant example

H(V ) =
∑

i

P(vi ) log2

1

P(vi)

= −

∑

i

P(vi ) log2 P(vi)

H(Goal) = −(
p

p + n
log2

p

p + n
+

n

p + n
log2

n

p + n
)

p is number of positive examples (“will wait”),
n is number of negative examples (“will not wait”)
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Entropy: Restaurant example
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Plot of entropy

Schütze & Zangenfeind: Decision Trees 18 / 27



Decision trees NLTK

Plot of entropy

Schütze & Zangenfeind: Decision Trees 18 / 27



Decision trees NLTK

Notation

H(T (q)) = −q log2 q − (1 − q) log2(1 − q)
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Remainder = Remaining uncertainty

Remainder(A) =

|v(A)|∑

i=1

pi + ni

p + n
H(T (

pi

pi + ni

))

pi is the number of positive examples that have attribute value vi

(A = vi ) and ni is the number of negative examples that have
attribute value vi (A = vi ).
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Information gain

Gain(A) = H(T (
p

p + n
))− Remainder(A)

Schütze & Zangenfeind: Decision Trees 21 / 27



Decision trees NLTK

Information gain for Pt = Patrons and Tp = Type

Gain(Tp) = 1 − [
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≈ 0.541 bits
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Entropy exercise (goal)

example decision type day of week colleague?

x1 yes french saturday ”let’s stay”

x2 no thai friday ”let’s go”

x3 yes burger saturday ”let’s stay”

x4 yes thai sunday ”let’s stay”

x5 no french friday ”let’s go”

x6 yes italian sunday ”let’s stay”

x7 no burger friday ”let’s go”

x8 yes thai sunday ”let’s stay”

x9 no burger friday ”not sure”

x10 no italian friday ”not sure”

x11 no thai friday ”not sure”

x12 yes burger sunday ”not sure”
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Decision tree learning: Importance?
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Outline

1 Decision trees

2 NLTK
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NLTK decision tree demo
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