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Outline for today

• Practice Midterm 2



Central Limit Theorem



Classification error

age<=55.5

False True

[84, 15]

[28, 11] [56, 4]

oldpeak<=3.55

False True

[84, 15]

[0, 2] [84, 13]

Classification error:
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=
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99

Classification error: 13/99



• 𝐻 𝑦 = −σ𝑐∈𝑣𝑎𝑙𝑠 𝑦 𝑝 𝑦 = 𝑐 log2 𝑝 𝑦 = 𝑐

= −
84

99
log2

84

99
+

15

99
log2

15

99
= 0.61

Entropy

• 𝐻 𝑦|oldpeak =
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𝐻 𝑦|oldpeak = 𝑇
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H(Y) = 0.6136190195993708

H(Y|age<=55.5) = 0.5522480910534322

H(Y|oldpeak<=3.55) = 0.5568804630596093

age<=55.5

False True

[84, 15]

[28, 11] [56, 4]

oldpeak<=3.55

False True

[84, 15]

[0, 2] [84, 13]

=> Age feature 
produces more 
information gain!

Entropy



Logistic regression

-0.25

< −0.25 ⇒ predict 0

x

𝑤0 + 𝑤1𝑥 ≥ 0 ⇒ ො𝑦 = 1

1 + 4𝑥 ≥ 0

𝑥 ≥ −1/4



SGD

𝑤 ← 𝑤 − 𝛼(ℎ𝑤 𝑥𝑖 − 𝑦𝑖)𝑥𝑖

ℎ𝑤 𝑥𝑖 =
1

1 + 𝑒−𝑤⋅𝑥𝑖
=

1

1 + 𝑒0
= 0.5

𝑤0

𝑤1
←

0
0

− 0.01 0.5 − 1
1
−3

=
0.005
−0.015



Bayesian probability

D=has disease H=healthy

𝑥 = 𝑝 𝑝𝑜𝑠 𝐷 =
𝑝 𝐷 𝑝𝑜𝑠 𝑝(𝑝𝑜𝑠)

𝑝(𝐷)
=
0.8 ∗ 𝑝(𝑝𝑜𝑠)

1/500

𝑝 𝑝𝑜𝑠 = 𝑝 𝑝𝑜𝑠, 𝐷 + 𝑝 𝑝𝑜𝑠, 𝐻 = 𝑝 𝑝𝑜𝑠 𝐷 𝑝 𝐷 + 𝑝 𝑝𝑜𝑠 𝐻 𝑝(𝐻)

𝑝 𝑝𝑜𝑠 𝐻 = 1 − 𝑝 𝑛𝑒𝑔 𝐻 = 1 − 𝑝(𝑝𝑜𝑠|𝐷)

𝑥 =
0.8 ∗ 𝑝(𝑝𝑜𝑠)

1/500
=
0.8 ∗

𝑥
500

+
499
500

(1 − 𝑥)

1/500
≈ 0.9995



Naïve Bayes

• 𝜃0 =
𝑁0+1

𝑛+𝐾
=

4

7
; 𝜃1 =

3

7



Naïve Bayes

• 𝜃0 =
𝑁0+1

𝑛+𝐾
=

4

7
; 𝜃1 =

3

7

• Ԧ𝑥 = [1, 𝐷]

o 𝑝 Ԧ𝑥 𝑦 = 0 = 𝜃0,1,1𝜃0,2,𝐷



Naïve Bayes

• 𝜃0 =
𝑁0+1

𝑛+𝐾
=

4

7
; 𝜃1 =
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7

• Ԧ𝑥 = [1, 𝐷]

o 𝑝 Ԧ𝑥 𝑦 = 0 = 𝜃0,1,1𝜃0,2,𝐷 =
2

6
∗
1
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5
∗
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Naïve Bayes

• 𝑝 𝑦 = 0 Ԧ𝑥 ∝
4

7
∗

1

24
≈ 0.0238

• 𝑝 𝑦 = 1 Ԧ𝑥 ∝
3

7
∗

2

35
≈ 0.0245

⇒ predict 𝑦 = 1



Disparate impact

If 𝑃 𝐶 = 1 𝑋 = 0 < 0.8 ∗ 𝑃(𝐶 = 1|𝑋 = 1)

⇒ disparate impact



PCA


