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Discriminant Analysis

k G1,G2, · · · ,Gk
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https://www.eefung.com/daily-report/20200205163459
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https://www.eefung.com/daily-report/20200205163459


Spam e-mail classification

ewlett-Packard Labs
4601 57

spam or non-spam
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## charSemicolon charRoundbracket charSquarebracket charExclamation
## 209 0.000 0.176 0.000 0.353
## 3659 0.000 0.000 0.000 0.000
## 449 0.061 0.020 0.000 0.041
## 2256 0.000 0.096 0.027 0.068
## 2727 0.000 0.166 0.000 0.000
## 201 0.000 0.241 0.000 1.045
## 3596 0.000 0.000 0.000 0.000
## 4455 0.000 0.000 0.000 0.000
## 1476 0.000 0.092 0.000 0.417
## 4434 0.000 0.229 0.000 0.114
## charDollar charHash capitalAve capitalLong capitalTotal type
## 209 0.000 0.000 2.250 13 81 spam
## 3659 0.000 0.000 1.000 1 5 nonspam
## 449 0.041 0.000 2.351 69 254 spam
## 2256 0.000 0.000 2.059 25 593 nonspam
## 2727 0.000 0.000 3.888 55 140 nonspam
## 201 0.321 0.000 5.047 140 212 spam
## 3596 0.000 0.000 1.000 1 5 nonspam
## 4455 0.000 0.000 13.333 73 160 nonspam
## 1476 0.154 0.015 8.323 669 1365 spam
## 4434 0.000 0.057 5.196 70 265 nonspam
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1 Xn×p K G1, · · · ,GK

2 supervised learning
3 k µk =

1
nk

∑
x∈Gk

x Σk
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d2(x,Gk) = (x − µk)
TΣ−1

k (x − µk)
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W(x) = d2(x,G1) − d2(x,G2).
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p = 1

σ21 = σ22 = σ2 s2

W(x) =
(x − µ1)

2 − (x − µ2)
2

s2
.

µ1 > µ2

x ∈


G1, x > µ1+µ2

2
G2, x < µ1+µ2

2
Unknown, x = µ1+µ2

2
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K G1, · · · ,GK

k µk =
1
nk

∑
x∈Gk

x Σk

∀x ∈ Rp x

d2(x,Gk)

argmin
k

d2(x,Gk)
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Σ1 = · · · = ΣK = Σ
d2(x,Gk) =(x − µk)

TΣ−1
k (x − µk)

=xTΣ−1x − 2[xTΣ−1µk − 1
2

µT
kΣ

−1µk].
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fk(x) = xTΣ−1µk − 1
2µ

T
kΣ

−1µk,

d2(x,G1) =xTΣ−1x − 2f1(x)
d2(x,G2) =xTΣ−1x − 2f2(x)

...
d2(x,GK) =xTΣ−1x − 2fK(x)

x ∈ Gi ⇔ d2(x,Gi) = min
k=1,··· ,K

{d2(x,Gk)}

⇔ fi(x) = max
k=1,··· ,K

{fk(x)}.

16



Outline

1

2

3 Fisher

4 R

5

17



Fisher

PCA +
Fisher K p
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Fisher

K G1, · · · ,GK

k µk Σk

wTx ∈ R1 x w
w ∈ Rp
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Fisher

S̃B =
K∑

k=1
nk(wTµk − wTµ)2

=wT[
K∑

k=1
nk(µk − µ)(µk − µ)T]w

=wTSBw.
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Fisher

S̃W =
K∑

k=1

∑
x∈Gk

(wTx − wTµk)
2

=wT[
K∑

k=1

∑
x∈Gk

(x − µk)(x − µk)
T]w

=wTSWw..
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Fisher

Fisher

J(w) =
wTSBw
wTSWw

.

S−1
W SBw = λw.

S−1
W SB λ1 ≥ · · · ≥ λp

w1
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p = 1
wT
1x.

λ1
p∑
i=1

λi

.
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m
p > 1

m∑
i=1

λi

p∑
i=1

λi

.
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R

7 (is) (se) (sa)
(prr) (ms) (msr) (cs)

3 (group-1) (group-2)
(group-3)

90 30 30
30
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R

disc <- read.csv('./data/disc.csv')
industry.LDA = lda(group ~ ., disc)
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industry.LDA$scaling

## LD1 LD2
## is 0.035089436 0.005270321
## se 3.283469877 0.567378405
## sa 0.037376069 0.041257360
## prr -0.007020058 0.011662758
## ms 0.068133230 0.048184889
## msr -0.023230481 0.043690230
## cs -0.384789345 -0.158906969 28
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mean.lda <- industry.LDA$means %*% industry.LDA$scaling
mean.lda

## LD1 LD2
## 1 -3.126469 4.727281
## 2 3.316990 3.672425
## 3 9.308880 4.753131

30



-5 0 5 10

3
4

5
6

7

LD1

L
D
2

31



A
8

A 7 x1 = 51.9, x2 =
0.5, x3 = 37.4, x4 = 10.2, x5 = 36.4, x6 = 3.5, x7 = 6.7
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industry.LDA$scaling[,1] %*%
c(51.9, 0.5, 37.4, 10.2, 36.4, 3.5, 6.7)

## [,1]
## [1,] 4.609791
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Fisher iris

1

2

3

4 5.1 3.5 1.4 0.2

5 Fisher iris 135
predict() 15
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