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In [1]:
# BOREXIE

feature dict = {i:label for i,label in zip(
range(4),
('sepal length in cm',
'sepal width in cm',
'petal length in cm',
'petal width in cm', ))}

label dict = {i:label for i,label in zip(
range(1l,4),
('Setosa',
'Versicolor',
'Virginica'

))}

import pandas as pd
# ZHETERN, AStBAILASE F &t FREFE R
df = pd.io.parsers.read csv(
filepath or buffer='https://archive.ics.uci.edu/ml/machine-learning-database
s/iris/iris.data’,
header=None,

sep=',",

)
# JEEFE

df.columns = [l for i,l in sorted(feature dict.items())] + ['class label']

df.head()

Out[1l]:

sepal length in cm sepal width in cm petal length in cm petal width in cm class label

0 5.1 3.5 1.4 0.2 Iris-setosa
1 4.9 3.0 1.4 0.2 Iris-setosa
2 4.7 3.2 1.3 0.2 Iris-setosa
3 4.6 3.1 15 0.2 Iris-setosa
4 5.0 3.6 1.4 0.2 Iris-setosa

BIEERB1507E, BRUEFITHT, NEFTESUASERR _%, MRMEERTNUL M, ERE
ELXRHENE, THFEMHIMIE, EERFTEER—THRE:

In [2]:

from sklearn.preprocessing import LabelEncoder

X = df[['sepal length in cm', 'sepal width in cm', 'petal length in cm', 'petal wid
th in cm']].values
y = df['class label'].values

# FlIfEnE{1: 'Setosa', 2: 'Versicolor', 3:'Virginica'}
enc = LabelEncoder ()

label encoder = enc.fit(y)

y = label encoder.transform(y) + 1
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£ RS {ER T sklearn TR & H#ILabelEncoder A T IRIRTT AT FE IR, FIMNARINER LA sklearn FRRIEL

BAMBIRIEE R DML E, HfitBtransform, TIRERUE5-4FR.

setosa |

setosa |

virginica 3

ATESRERFEETIOERAMES, RISAENBEFETHEKRSE, ERRKRATIFIENG EERE
ERIABRTICESPERIME, HATITER, MUAtEXNSMIED BIRES MFIRYIE:

— =

ﬂw![sepal length)

/uw![supal width )

m. = !WIthI=1!213
/J wi(petal length)

_Juw:'[pclu] width) |

In [3]:

import numpy as np
#IRE/ A E
np.set printoptions(precision=4)
#XERIRFATERIIIE
mean vectors =11
# ETE3TES)
for cl in range(l 4):
# KEBIEFE TFULIE

mean_vectors.append(np.mean(X[y==cl], axis=0))
print( '¥J1EZEF %s: %s\n' %(cl, mean vectors[cl-1]))

YIEZER] 1: [5.006 3.418 1.464 0.244]

YIEZER] 2: [5.936 2.77 4.26 1.326]

¥){EZF 3: [6.588 2.974 5.552 2.026]
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& TR BB ER:

L

In [4]:

# FIGHIEF B4 T
S W = np.zeros((4,4))
# BZENEEF, BCEECH
for cl,mv in zip(range(l,4), mean vectors):
class_sc_mat = np.zeros((4,4))
# YEPJE TSR ARIEE
for row in X[y == cl]:
# XEFLFIETFUTFIRITITE, FEFIED
row, mv = row.reshape(4,1), mv.reshape(4,1)
# BRATN—H
class_sc_mat += (row-mv).dot((row-mv).T)
S W += class_sc_mat

print (' ERBHEMK:\n', S_W)

LB ERE
[[38.9562 13.683 24.614 5.6556]
[13.683 17.035 8.12 4.9132]
[24.614 8.12 27.22 6.2536]
[ 5.6556 4.9132 6.2536 6.1756]]

e B KB RN AE PE:

5. = ZE:N,.(mE ~m)(m,—m)"

ANH, mAZF/IEmIRNETEBRIENRIER T,
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In [5]:
# T/FYE

overall mean = np.mean(X, axis=0)
# P BT EFE
S B = np.zeros((4,4))
# XIETERHTITE
for i,mean vec in enumerate(mean_ vectors):
# S BIE BB AL
n = X[y==i+1,:].shape[0]
mean vec = mean vec.reshape(4,1)
overall mean = overall mean.reshape(4,1)
# U LA CHTITE
S B += n * (mean_vec - overall mean).dot((mean vec - overall mean).T)

print (' EEBHEMK:\n', S_B)

2|8 B AR
[[ 63.2121 -19.534 165.1647 71.3631]
[-19.534 10.9776 -56.0552 -22.4924]
[165.1647 -56.0552 436.6437 186.9081]
[ 71.3631 -22.4924 186.9081 80.6041]]

BERAMREBRERGE, EFRENAGE—E, AEKREEFNFITIDE:

SRARSEMEEOASEE : Sy S
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In [6]:

#KEREFEIFUEE, FF1EME
eig vals, eig vecs = np.linalg.eig(np.linalg.inv(S _W).dot(S_B))
# ZIEF— T ENE AT AT [ E
for i in range(len(eig vals)):
eigvec_sc = eig vecs[:,i].reshape(4,1)
print ('\nffE@E {}: \n{}'.format(i+l, eigvec_sc.real))
print ("$HEE {:}: {:.2e}'.format(i+l, eig vals[i].real))

YEEE 1:

[[ 0.2049]
[ 0.3871]
[-0.5465]
[-0.71387]]

$5EE 1: 3.23e+01

FHEQE 2:
[[-0.009 ]
[-0.589 ]
[ 0.2543]
[-0.767 1]

YSEE 2: 2.78e-01

HEQE 3:
[[-0.8379]

[ 0.1696]

[ 0.1229]

[ 0.50417]]
YSEE 3: -4.13e-15

BEOE 4:

[[ 0.2 ]
[-0.3949]
[-0.4567]

[ 0.7717]]
AS(FE 4: 1.20e-14

RESRBHAMHLENEMS NN EDE. HIEMEEENTERICRMN, EANREHEE 4 LR
SRS ERR IERENE, XEALUANFHENRNZEMSNMFLIRENERRE B, tMIEFEE

WA, HFRXSNAFEREMBEE, PR TRAIDOHFHEHERANEITHF, H ZRENREE, HiER
HHIFKIBLEET ,

localhost:8888/nbconvert/html/2515% : [4E5E1:/15.1 4% ) 5] 53 HLDA .ipynb2download=false 11/25



2024/9/17 11:15 15.1 2P 5] 43T LDA

In [7]:
#t (A FIAFE [ = Bo 3T
eig pairs = [(np.abs(eig vals[i]), eig vecs[:,1i]) for i in range(len(eig vals))]

# FIFIEER A TH

eig pairs = sorted(eig pairs, key=lambda k: k[0], reverse=True)

print ("fHEERIFEER:\n")
for i in eig pairs:
print(i[07])

IHEAFS

32.27195779972981
0.27756686384004264
1.1953730364935478e-14
4.1311796919088535e-15

In [8]:
print ("fHEHESEEEDEE:\n")

eigv_sum = sum(eig vals)
for i,j in enumerate(eig pairs):
print ("$FEE {0:}: {1:.23%}'.format(i+l, (j[0]/eigv_sum).real))

BFIHES BB

YA 1: 99.15%
YA 2: 0.85%
Y 3: 0.00%
YSEE 4: 0.00%

AIES, TEHFKNERERRA, 5115 ?IE1E£?EIU1ZISE’\]99.15%, BoMHIEERH0.85%, H=
SO MHLE, BEKNMAEE, BRTNERERCHEHITREER, JNEHERERS "4 Z2—4%, 8%
BRI =4,

RELBEL, RFCHUERD "4, RT|ERRKME. BILE2FMX NS ER:

In [9]:

W = np.hstack((eig pairs[0][1l].reshape(4,1), eig pairs[1l][1l].reshape(4,1)))
print ('fEfEW:\n', W.real)

*EpFwW:
[[ 0.2049 -0.009 ]
[ 0.3871 -0.589 ]
[-0.5465 0.2543]
[-0.7138 -0.767 ]]

XWRRZMFNIRE LR, RFMRIGHIREAS, MAINSRIRAELSR:
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In [10]:

# HITRERIRIE
X _1lda = X.dot (W)
X lda.shape

Out[107]:

(150, 2)

IMTER AB BIEURAE MIRIREI(150,4)B8F(150,2), EILERTeAERBRIPRE TR, 1ZTFRXIE D —TRE%EE
SR, NTHEAMART, ERIBMELSIESPRENIEEMEHITEERT:
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In [15]:

import matplotlib.pyplot as plt
import numpy as np

# BRIRENIENE BEELIEE L FELFRIFFALIENF X ftnss v
# XE x EFIKN (150, 4) HIHIEERE, v KN (150,) BIRE
# label dict EXEFInEEIFHA, #IZ0: {1: 'WUBE', 2: 'TEEE', 3: '#HSELIBE'}

# BRI/

def plot step lda(X, y, label dict):
feature pairs = [(0, 1), (0, 2), (0, 3), (1, 2), (1, 3), (2, 3)]1 # HiAHS
fig, axes = plt.subplots(3, 2, figsize=(12, 18)) # Bl# 3x2 HIFE
axes = axes.ravel() # JFFEIARETF, HIEZRS/

for i, (x_idx, y_idx) in enumerate(feature pairs):
ax = axes[1i]

for label, marker, color in zip(range(l, 4), ('*', 's', '0o'), ('blue',
'red', 'green')):
ax.scatter(x=X[y == label, x_ idx],

y=X[y == label, y_ idx],
marker=marker,
color=color,

alpha=0.5,

label=label dict[label])

ax.set xlabel (f'X[{x_idx}]') # IRE x Wi
ax.set_ylabel (f'X[{y_idx}]') # K& y #Hinz
ax.set title(f'Feature Pair (X[{x_idx}], X[{y_idx}])")

# B ERIIES

ax.spines["top"].set visible(False)
ax.spines["right"].set visible(False)
ax.spines["bottom"].set visible(False)
ax.spines["left"].set _visible(False)

ax.grid()

# I IERIE R/E— T FEH

handles, labels = ax.get legend handles labels()

fig.legend(handles, labels, loc='upper right', fancybox=True, framealpha=0.
5)

plt.tight layout()
plt.show()

# VEFERER R FEG
# BI8 X EIFAVIFIEERE, y SN, label dict FEEFINFEHIFH
plot step lda(X, y, label dict)
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In [12]:

from matplotlib import pyplot as plt
# FIRITLET
def plot step lda():

ax = plt.subplot(111)
for label,marker,color in zip(
range(1l,4),('"', 's', 'o"),('blue', 'red', 'green')):

plt.scatter(x=X 1lda[:,0].real[y == label],
y=X lda[:,1].real[y == label],
marker=marker,
color=color,
alpha=0.5,
label=label dict[label]
)

plt.xlabel('LD1")
plt.ylabel('LD2")

leg = plt.legend(loc="'upper right', fancybox=True)
leg.get frame().set alpha(0.5)
plt.title('LDA on iris')

# 1O B B s aaliEc ok
plt.tick params(axis="both", which="both", bottom="off", top="off",
labelbottom="on", left="off", right="off", labelleft="on")

# N TERVEMLYE, KEEE
ax.spines["top"].set visible(False)
ax.spines["right"].set visible(False)
ax.spines["bottom"].set visible(False)
ax.spines["left"].set visible(False)

plt.grid()
plt.tight layout
plt.show()

plot step lda()
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In [12]:
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from sklearn.discriminant_analysis import LinearDiscriminantAnalysis as LDA

# VA ELYLDA
sklearn lda
X lda_sklearn

In [13]:

X lda_sklearn.

Out[13]:

(150, 2)

LDA(n_components=2)
sklearn lda.fit transform(X, y)

shape
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In [14]:
# BEsklearnE HIRAGIFIEIAIEHIFFUE(E
# BEIFIHE

print ("4HE{E (explained variance ratio ) : ", sklearn lda.explained variance rati
o_)

# BEFIDE

print ("#HIEM@=E (scalings ) : ", sklearn lda.scalings )

$$1E{E (explained variance ratio ) : [0.99147248 0.00852752]
45MEME (scalings ) : [[ 0.81926852 -0.03285975]

[ 1.5478732 -2.15471106]

[-2.18494056 0.93024679]

[-2.85385002 -2.8060046 ]]
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In [16]
# 2

15.1 2P 5] 43T LDA

def plot scikit lda(X, title):

ax

= plt.subplot(111)

for label,marker,color in zip(

plt.
plt.

leg

leg.
plt.

# h

plt.tick params(axis="both", which="both", bottom="off", top="off",

# r
ax.
ax
ax.
ax.

plt
plt
plt

A 1

range(1l,4),( , 's', 'o'),('blue', 'red', 'green')):
plt.scatter(x=X[:,0][y == label],
y=X[:,1][y == label] * -1, # flip the figure
marker=marker,
color=color,
alpha=0.5,
label=label dict[label])

xlabel('LD1l")

ylabel('LD2")

= plt.legend(loc="upper right', fancybox=True)
get frame().set alpha(0.5)

title(title)

ide axis ticks

labelbottom="on", left="off", right="off", labelleft="on")

emove axis spines
spines["top"].set visible(False)

.spines["right"].set visible(False)

spines[ "bottom"].set visible(False)
spines["left"].set visible(False)

.grid()
.tight layout
.show()

plot scikit 1lda(X lda sklearn, title='Default LDA via scikit-learn')
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In [44]:

from sklearn.discriminant_analysis import LinearDiscriminantAnalysis as LDA

# 1EFEISLILDAH )18

sklearn ldal = LDA(n_components=1)
X _lda sklearnl = sklearn ldal.fit transform(X, y) # HzlfEZ|14

# BEELR/THTHAEA

print ("FEHEFIEIERIA: ", X 1da sklearnl.shape)

# BEIFILE (BEFEHZRILEH))

print ("$H{H (explained variance ratio )

io )

# BEFHIFMGEZE (scalings )
print ("$HIEM@E (scalings )

PRAEFFRIEIERZIR: (150, 1)

Y$1EfE (explained variance ratio ) :
[[ 0.8193 -0.0329]

¥EM= (scalings ) :
[ 1.5479 -2.1547]
[-2.1849 0.9302]
[-2.8539 -2.806 ]]

# iZZ (150, 1)

, sklearn ldal.explained variance_ rat

, sklearn_ldal.scalings_)

[0.9915]
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In [50]:

# KRB — T LFF IR 0E (£15])
1d = sklearn ldal.scalings [:, 0]

w_first

# (IR R E— T LB 75 1E
X.dot(w_first 1d)

X _ldal =

# BEFEIFELITAIEIEIA

print ("FIFARNEIERIR: ", X 1lda manual.shape)

FrIRERRVEIRRR :

In [51]:
X ldal
out[517]:

array ([

5.9661,
5.1163,
5.2318,
5.9812,
4.4731,
4.6642,
6.5123,
5.1468,
6.2211,
-4.6722,
-3.3091,
-4.8815,
-5.9559,
-4.7086,
-5.0453,
-4.5079,
-3.7281,
-8.4238,
-8.4508,
-8.9066,
-8.4119,
-6.2111,
-8.9368,
-6.0654,
-8.9917,

g & 00 00,

(150,)
.0283,  5.3926,
.5109, 4.4639,
.4777,  7.7506,
.9266, 5.4016,
.6733,  4.7217,
.2679,  7.0437,
.25 ,  4.8372,
.3057, 4.7673,
.5746, =-3.5765,

.5384, -4.566 ,
.9802, -3.2727,
.8811, -5.6282,
.3623, -3.3731,
.8068, -3.2211,
.22, -4.2625,
.405 , -3.3882,
.537 , -1.6461,
.7224, -8.9823,
.9917, -6.5725,
.9475, -7.1852,
.492 , -9.7044,
.202 , -8.6514,
.9285, -7.209 ,
.3404, -8.7974,
.7928, =-7.3159,

W & U190 d U

15.1 &M 5143 HTLDA

.7189,  6.039 ,
.25 , 6.303 , 5.1286,
.0615, 6.4788, 5.6808,
.4864, 6.5853, 4.1449,
.8296, 5.8933,
.3774, 5.25 , 5.8568,
.5929, 5.8173, 3.5502,
.661 , 5.9935,
.9165, -4.5356,
.3348, -3.8647,
.7782, -2.4991,
.2029, -5.8378,
.5583, -4.578 ,
.7173, -3.0149,
.6022, -3.4367,
.4077, -4.1196,
.6644, -9.9749,
.5436, -6.7997,
.5799, -7.7956,
.7273, -11.3071,
.5025, -7.8502,
.6965, -8.3538,
.94 , -8.6607,
.2557, =-7.6345,
.1005, -8.0203,
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# [/1z& (150,)

5.6048,

4.7371,

5.0921,
-4.3837,
-4.0772,
-3.3216,
-3.1182,
-5.6435,
-6.6145,
-4.0741,
-3.2879,
-7.6345,
-8.4326,
-8.0929,
-6.8845,
-7.3946,
-7.3372,
-7.1124,
-8.9308,
-6.80287)

21725



2024/9/17 11:15

In [63]:

15.1 LR 53 HTLDA

from matplotlib import pyplot as plt

# BRI 4 THFIERT— 283 (2x270/5)
def plot step lda():
fig, axes = plt.subplots(2, 2, figsize=(10, 8)) # 2772%IFEH/F

feature names = ['Sepal Length', 'Sepal Width', 'Petal Length',

h'l # WUE

# & enumerate EfU4TFHIE
ax in enumerate(axes.ravel()): # ravel() 4% 2x2 HJ axes P#FHL1%E

for i,

for idx,

# LRHEF TR — BB = E

(label, marker, color) in enumerate(zip(
range(l, 4), ('~', 's', '0o'), ('blue', 'red',

'green'))):

ax.scatter(x=X[:, i].real[y == label], # HE/4FEx[:, 1]

y=[idx+1] * sum(y == label), # HEFIKESITEN v

marker=marker,
color=color,
alpha=0.5,

label=f'Class {label}' # ETZEFFZE

)

# IREXH ISR, yH LS
set xlabel(f'X[{i}] - {feature names[il}') # ZniFit=5 i FEH

ax.
ax.
ax.

=27

set yticks([1l, 2, 3]) # IREZEFESIN yv HZE
set yticklabels(['Class 1', 'Class 2', 'Class 3'])

# EUSTCDNE, 52 Ra9H5%

ax.
ax.
ax.
ax.
aX.

spines["top"].set visible(False)
spines["right"].set visible(False)
spines[ "bottom"].set visible(True)
spines["left"].set visible(False)
grid(True)

# BT FEPEREFIEFS i F9EH

ax.

1pha=0.5)

legend(title=f 'Feature {i}', loc='upper right'

plt.tight layout()
plt.show()

plot step lda()
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In [62]:

from matplotlib import pyplot as plt

# IR —BEE
def plot step lda():
ax = plt.subplot(111)

# WHETEFHLRH B R E
for idx, (label, marker, color) in enumerate(zip(

range(l, 4), ('*', 's', 'o'), ('blue', 'red',

plt.scatter(x=X_ldal[:].real[y == label], # HZ%

'green'))):

# xX[r:, 0]

y=[idx+1] * sum(y == label), # FHZEFIHIZSIIEN v

marker=marker,
color=color,

alpha=0.5,

label=label dict[label]
)

# IRE x Wil y HAIIE
plt.xlabel('X[0]")

plt.yticks([1l, 2, 3], ['Class 1', 'Class 2', 'Class 3'])

plt.ylabel('Classes')

S

leg = plt.legend(loc='upper right', fancybox=True)
leg.get frame().set alpha(0.5)

plt.title('1lD Projection of Original Data')

# FEAEEALME

# IRE y HinE s

plt.tick params(axis="both", which="both", bottom=False, top=False,

labelbottom=True, left=False, right=False,

# K ITEB A AL frdh
ax.spines["top"].set visible(False)
ax.spines["right"].set visible(False)
ax.spines["bottom"].set visible(False)
ax.spines["left"].set visible(False)

# BT
plt.grid()
plt.tight layout()
plt.show()

plot _step 1lda()
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