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| sklearn.cluster.SpectralClustering () EEKEX
sklearn.datasets.make circles() BIBEIEREIE

| sklearn.preprocessing.StandardScaler () .fit transform() #RAELMEIE, BERBEHERBEGRMUIEE,
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SRR

AENBMEARERTMEZE (clustering), BERTWEFS (unsupervised
learning) HAy—K[EIRR, B2k, BEAIZHBBEBEPELUNEIES H—KMEE, DUEELTH
ST FIIE FREE .

wmE 1R, MBREREEIBENIRSE, B target, [MURIBEEREHZKE (sepal
length). ZEE (sepal width) XFWMEFE EHAKESWIBR, BT LUSEIES B A TE
(clusters),
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B 1. ABBARENE R EENARELEL
BARELERE, TEENBHRILEEE (spectral clustering), ©E2—fEF EREHERKEE,

AEEmEREBEREE MToERTNEERND, {H-FRIITHEH. TERBTRZELH
NERTES, TEZEBNERTER.

EREXEEREWT.
> B BEUTEEIEEEXARSSMEXNEES, FMEMEESER D,

> RE BEEEFRANER, RIBIE (similarity), #istBIURIER (similarity matrix) S, F// ST
Mt mE.

> R, WAROUVERERE AR E R ETEERE (Laplacian matrix) L.
> BIE, $HIEHESHE (eigen decomposition) L, Y TH L HFAE—MELEEX=(E.
> EXMEEEZET, BEEREFENEEEEATRE, HEIRHBEIERE.
2 R ATERKMNEERE.
TEHBIXA, FON——REREIESRITS RNEAAT.
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A MARTEMNE

55 1 LHESBAE, TEWHHEPREEN.

O EmmsmT, RIEESTEL,

O [ sklearn.datasets.make_circles() 4 piIREEIR.

O sklearn.preprocessing.StandardScaler.fit_transform() #RALIFEEIE.
()= matplotlib.pyplot.scatter() %£#/&HSE.,

import numpy as np

import networkx as nx

import matplotlib.pyplot as plt

import seaborn as sns

from sklearn import datasets

from sklearn.preprocessing import StandardScaler
from scipy.linalg import sqrtm as sqrtm

# R AREE
©® np.random.seed(0)

n_samples = 500;
# HAMEHEE

(@ dataset = datasets.make_circles(n_samples=n_samples,
factor=.5,noise=.05)
# ERITBAE

X, y = dataset
# X REHIE, y HAKE

O x - StandardScaler().fit_transform(X)
# AENEER

# TR R
fig, ax = plt.subplots(figsize = (6,6))

@® plt.scatter(X[:,0],X[:,1])
ax.set_aspect('equal', adjustable='box") Ca:)
plt.savefig('# & .svg")

WD 1. EARASIE | O BK6_Ch23_01.ipynb

THEHITESIENRNEEEEN D, BRAEER, HHAEEHET, eRPEHR, HAEEET.
AR, AT HETNRML, m4RERET— 20 x 20 BEEFERE.
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B 4. B BERREE B FERE D

KD 22HE 4, TEPIBEHXEED.

© £ numpy . 1inalg. norm( )it EMXTEEE4ERE, Hb, numpy.newaxis()EN—NERE, X
R ST R BT B EN B RN TR B 2, S8 axis = 2 RIFTESERNER Y — 4%,

AFWOUH scipy.spatial.distance_matrix() =g
sklearn.metrics.pairwise_distances() tZRITELKEE B4R,

O F seaorn.heatmap () %245k 3 BR K FE 5 46 e A

TH S R A BE B 4E [

= np.linalg.norm(X[:, np.newaxis, :] - X, axis=2)
HZ R

scipy.spatial.distance_matrix()
sklearn.metrics.pairwise_distances()

H H H O H

+*

B AL AL R AT BE B 4R [
plt.figure(figsize=(8,8))
sns.heatmap(D, square = True,
cmap = 'Blues’,
# annot=True, fmt=".3f",
xticklabels = [],
yticklabels = [])
# plt.savefig(' & AT¥E &[4 _heatmap.svg')

R 2. ANKEEREE | O BK6_Ch23_e1.ipynb
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o
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4 PRl X BE B AE R 1k A 6 PromtBUESERE (similarity matrix) S; 4n5R AR IUVELEMAEE T
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© 55 3 R B T S T R 00 B B 4B e 1 AR I 4B
Oimmm%, 4% sigma gk 3 (BiMEH1).

# BRI S ZEEK
@® def gaussian_kernel(distance, sigma=1.0):
return np.exp(- (distance ** 2) / (2 * sigma ** 2))
® s = gaussian_kernel(D,3)
# S#¥sigmaik #3

# AFEREESE
plt.figure(figsize=(8,8))
sns.heatmap(S, square = True,

cmap = 'viridis', vmin = 0, vmax = 1,

# annot=True, fmt=".3f",

xticklabels = [], yticklabels = []) (:8:)
# plt.savefig(' ¥ Z 4% _heatmap.svg')
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2349&&]
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RAD 4 IRIFAB L ERE R IR T .

O/ numpy . copy () BIEMIUEEREA (FENE).

O numpy . fill_diagonal() WABMUENBLTEE 0, F4H EH.

© f networkx.Graph() EFEMELER IRLEE.

O add_node() AEEmMHAMLERA.

O F networkx.get_node_attributes(G, 'pos') B SR BEABUE.

0 networkx.draw_networkx() Z#HTmE ., RIBDPONEEA/NBEERS viridis'
BRI,

# AELE A

S_copy = np.copy(S)
np.fill_diagonal(S_copy, 0)

G = nx.Graph(S_copy, nodetype=int)
# FATEEECZET A

# A E A
for i in range(len(X)):
G.add_node(i, pos=(X[i, @], X[i, 1]))

# BMHY EMLE
® pos = nx.get_node_attributes(G, 'pos')

# YRR
node_labels = {i: chr(ord('a') + i) for i in range(len(G.nodes))}
edge_weights = [G[i][j][ 'weight'] for i, j in G.edges]

# FANE
fig, ax = plt.subplots(figsize = (6,6))

(] nx.draw_networkx(G, pos, with_labels=False,
node_size=38,
node_color="blue"',
font_color="'black',
edge_cmap=plt.cm.viridis,
edge_color=edge_weights,
width=1, alpha=0.5)

ax.set_aspect('equal', adjustable='box")

ax.axis('off") Cg:)
plt.savefig(' A EEHEAEE_THE .svg')

w7 4. pREGE | O BK6_Ch23_01.ipynb

PEHHERE
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IR, ATHMNEEEEN DXy, KAEEEFILHEG,
G X fZ T R 2N N ARUEAERE S W HI TR, Al

G, :Zn:si,j = diag(1"S) )

=1

n

b

"

"

E 8. E4ERE G
SRR RIS HIHXERE (Laplacian matrix) L,

AEZ BT FREI R EFERE (normalized symmetric Laplacian matrix), AU {4 Ng-Jordan-
Weiss 46F%, BAMT:

L g2 (G—S)GAIZ ©)

ZERWNE 9 FroR,
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B 9. A—{hr B R B RE Ls

RE3 5 TR EAEMEMIT— R BRI AE R, T EEHIE X #Ea.,

O sRizsEr (ABUVELERNE) FIF7ERMEEBAES, KREHEM nunpy.diag() BEEMELSE

(HRTTFE) .
O 5/ numpy . 1inalg.inv () M EEMRRE, REHA scipy.linalg.sqrim() FEH.,

Ot n— (iR ET4ER ., AT A networkx.normalized_laplacian_matrix()

WERA— SRR, FFEERER.

(o))

= np.diag(S.sum(axis = 1))
& B %

# AL E AR
plt.figure(figsize=(8,8))
sns.heatmap(G, square = True,
cmap = 'viridis',
# linecolor = 'k',
# linewidths = 0.05,

mask = 1-np.identity(len(G)),
vmin = S.sum(axis = 1).min(),
vmax = S.sum(axis = 1).max(),

# annot=True, fmt=".3f",
xticklabels = [], yticklabels = [])
# plt.savefig(' E# % _heatmap.svg')

G_inv_sqr = sqrtm(np.linalg.inv(G))
L_s = G_inv_sqr @ (G - S) @ G_inv_sqr
# HEE—M (MAR) TR

# E LR A A [
plt.figure(figsize=(8,8))
sns.heatmap(L_s, square = True,
cmap = 'plasma’,
# annot=True, fmt=".3f",
xticklabels = [], yticklabels = []) Cg:)
# plt.savefig(' w4+ _heatmap.svg')
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© m numpy . linalg.eigh() XfI3—bhr i §raaRe s T S R
O i BN A HE B RIHEF RS

O i3 EE MBI K.

O 554 1) B350t RO A M N B AR B

O m i A M BB S A,

(o] eigenValues_s, eigenVectors_s = np.linalg.eigh(L_s)
# RAEE AR

# WREENDNE AR
® idx_s = eigenValues_s.argsort() # [::-1]
@® ceigenvalues_s = eigenValues_s[idx_s]
@ eigenVectors_s = eigenVectors_s[:,idx_s]

# AN 2R R A
fig, ax = plt.subplots(figsize = (6,6))

(e plt.scatter(eigenVectors_s[:,0], eigenVectors_s[:,1]) Ca:)
plt.savefig('# & HE, % & J5.svg')
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