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Gaussian Naive Bayes classifier
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Inference

" Using the Bayes rule, we can compute the conditional probability of z given X, i.e.
porobability that a point X belongs to a class k

p(zi)p(X|z) _ T N (X[ g, By )
p(x) j= NV (x|p), Z))

p(z, = 1|x) =
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Training
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Training

= Mean for class k, uy

N
1w, = Zn=1znkxn
k — N
n=1%4nk
= Covariance for class k, Xy,
YNz =) Xy — i) T . " . ,
Zk — zn=14nk\Xn"Hik)\Xn—Hk (making the conditional independence assumption,
Z%’:l Znk we are to set the off-diagonal terms to zero)
= Priors, Ty,
N
T, = n=1%4nk
K =
N
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Estimate parameters

= (Classk =1

N,=(14+1+1) =3

_ 7I¥=1anxn . [8.50
Hi = =

N, 1.83
¥ — TI\{zl an(xn — ul)(xn — [,ll)T - [0_21 0.14] cond. independencg [0_21 0 ]
! N, 0.14 0.40 ‘1 0 040
SEL Y
T = v g Y
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Training

= (Classk =2

N,=(1+1+1)=3

N

_ n=1%4n2Xn _ [1.83
H N, 6.84
5 ﬁ’:ﬂnz(xn—ﬂz)(xn—ﬂz)T_[0.39 0 ]cond-independencg [o,39 0 ]
? N, 1o 017 ‘1o 017
TN 6
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Training

Priors: T = 0.50
' 0.501; xg
feature 2 A, >,
‘Xl X Class centers: M = [ ] [ 1.83
3.‘0 2 1.83 6.841gxp=02x2
X
g Covariance matrices: X [O -21 ]
| =
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Inference

Priors: T = 0.50
' 0.501; xg
feature 2 A, >,
‘Xl X Class centers: M = [ ] [ 1.83
3.‘0 2 1.83 6.841gxp=02x2
X
g Covariance matrices: X1 = [O -21 ]
1 0.40
O 0.39
A X4 22 = [ 0 17]
o .
x .XS I’ll) z1
O X
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Inference

» For new datapoint X,,, evaluate p(z;, = 1

1
N (Xp i, Zy) = b1 EXp
(2m)2|Z|2

= let’sconsiderx; =[3.0 4.0]
= Forz' =[1 0](classk = 1)

1 1 -
N (xalme,Zq) = —exp{—=[3.0 -85 4.0—1.83] [0'21 0 ] [ 3.0 — 8.5
1 2 0 0.4]l4.0-183
2T det([o'21 0 DZ
0 04
= Forz' =[0 1] (classk = 2)
_ 1 1 039 0 1[3.0—1.83
N (X4lH2,Z3) = %exp {_E [3.0 —1.83 4.0 — 6.84] [ ) 0.17] [

emdet (%)
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TN (Xn | Mk, Zk)
74
Zj:]_ T[]N(anu_]iz_])

‘Xn) —

1
{— > (Xp — ) 27 (x, — Hk)}

4.0 — 6.84

} =8.95x 1073

} = 0.238

10



Inference

" Probability that it belongstoclass k = 1
(0.5 X 8.95 x 1073)

— 1 —
p(z1 = 1]xn) (0.5 x 8.95 x 10~3) + (0.5 x 0.238)

" Probability that it belongs to class k = 2
(0.5 x 0.238)

— 1 —
p(zz = 11Xy) (0.5 x 8.95 x 10-3) + (0.5 x 0.238)

We classify point A as pertaining toclass k = 2

CS4641B Machine Learning | Fall 2020

= 0.036

= 0.964
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