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Gaussian Naïve Bayes classifier
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Inference
▪ Using the Bayes rule, we can compute the conditional probability of 𝐳 given 𝐱, i.e. 

probability that a point 𝐱 belongs to a class 𝑘

𝑝 𝑧𝑘 = 1|𝐱 =
𝑝 𝑧𝑘 𝑝 𝐱|𝑧𝑘

𝑝(𝐱)
=

𝜋𝑘𝒩 𝐱|𝝁𝑘 , 𝚺𝑘

σ𝑗=1
𝐾 𝜋𝑗𝒩 𝐱|𝝁𝑗 , 𝚺𝑗
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Training
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Training
▪ Mean for class 𝑘, 𝝁𝑘

𝝁𝑘 =
σ𝑛=1
𝑁 𝑧𝑛𝑘𝐱𝑛
σ𝑛=1
𝑁 𝑧𝑛𝑘

▪ Covariance for class 𝑘, 𝚺𝑘

𝚺𝑘 =
σ𝑛=1
𝑁 𝑧𝑛𝑘 𝐱𝑛−𝝁𝑘 𝐱𝑛−𝝁𝑘

𝑇

σ𝑛=1
𝑁 𝑧𝑛𝑘

▪ Priors, 𝜋𝑘

𝜋𝑘 =
σ𝑛=1
𝑁 𝑧𝑛𝑘
𝑁

(making the conditional independence assumption, 
we are to set the off-diagonal terms to zero)
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Estimate parameters

▪ Class 𝑘 = 1

𝑁1 = 1 + 1 + 1 = 3

𝝁1 =
σ𝑛=1
𝑁 𝑧𝑛1𝐱𝑛
𝑁1

=
8.50
1.83

𝚺1 =
σ𝑛=1
𝑁 𝑧𝑛1 𝐱𝑛 − 𝝁1 𝐱𝑛 − 𝝁1

𝑇

𝑁1
=

0.21 0.14
0.14 0.40

𝑐𝑜𝑛𝑑. 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑐𝑒 0.21 0
0 0.40

𝜋1 =
𝑁1
𝑁

=
3

6
= 0.5
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Training

▪ Class 𝑘 = 2

𝑁2 = 1 + 1 + 1 = 3

𝝁2 =
σ𝑛=1
𝑁 𝑧𝑛2𝐱𝑛
𝑁2

=
1.83
6.84

𝚺2 =
σ𝑛=1
𝑁 𝑧𝑛2 𝐱𝑛 − 𝝁2 𝐱𝑛 − 𝝁2

𝑇

𝑁2
=

0.39 0
0 0.17

𝑐𝑜𝑛𝑑. 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑐𝑒 0.39 0
0 0.17

𝜋2 =
𝑁2
𝑁

=
3

6
= 0.5
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Training

Priors: 𝝅 =
0.50
0.50 1×𝐾

Class centers: 𝚳 =
𝝁1
𝑇

𝝁2
𝑇 =

8.5 1.83
1.83 6.84 𝐾×𝐷=2×2

Covariance matrices: 𝚺𝟏 =
0.21 0
0 0.40

𝚺𝟐 =
0.39 0
0 0.17
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Inference

Priors: 𝝅 =
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Class centers: 𝚳 =
𝝁1
𝑇
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𝑇 =

8.5 1.83
1.83 6.84 𝐾×𝐷=2×2

Covariance matrices: 𝚺𝟏 =
0.21 0
0 0.40

𝚺𝟐 =
0.39 0
0 0.17
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A



▪ For new datapoint 𝐱𝑛, evaluate 𝑝 𝑧𝑘 = 1|𝐱𝑛 =
𝜋𝑘𝒩 𝐱n|𝝁𝑘,𝚺𝑘

σ𝑗=1
𝐾 𝜋𝑗𝒩 𝐱n|𝝁𝑗,𝚺𝑗

𝒩 𝐱𝑛|𝝁𝑘 , 𝚺𝑘 =
1

2𝜋
𝐷
2 𝚺

1
2

exp −
1

2
𝐱𝑛 − 𝝁𝑘

T𝚺−𝟏 𝐱𝑛 − 𝝁𝑘

▪ Let’s consider 𝐱𝐴
𝑇 = 3.0 4.0

▪ For 𝐳𝑇 = 1 0 (class 𝑘 = 1)

𝒩 𝐱𝑨|𝝁1, 𝚺1 =
1

2𝜋 det
0.21 0
0 0.4

1
2

exp −
1

2
3.0 − 8.5 4.0 − 1.83

0.21 0
0 0.4

3.0 − 8.5
4.0 − 1.83

= 8.95 × 10−3

▪ For 𝐳𝑇 = 0 1 (class 𝑘 = 2)

𝒩 𝐱𝐴|𝝁2, 𝚺2 =
1

2𝜋 det
0.39 0

0 0.17

1
2

exp −
1

2
3.0 − 1.83 4.0 − 6.84

0.39 0

0 0.17
3.0 − 1.83
4.0 − 6.84

= 0.238
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Inference



▪ Probability that it belongs to class 𝑘 = 1

𝑝 𝑧1 = 1|𝐱𝑛 =
0.5 × 8.95 × 10−3

0.5 × 8.95 × 10−3 + 0.5 × 0.238
= 0.036

▪ Probability that it belongs to class 𝑘 = 2

𝑝 𝑧2 = 1|𝐱𝑛 =
0.5 × 0.238

0.5 × 8.95 × 10−3 + 0.5 × 0.238
= 0.964

We classify point A as pertaining to class 𝑘 = 2
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Inference


