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import mglearn

mglearn.plots.plot_pca_illustration()

03. At €= o|O|X| Hjo|E{ XS 0| 8%t PCA O X| &=

LFW(Labeled Faces in the Wild)G|O|E{ MlofjA{ &2 o|0|X|0|A| & F=&

o O|OJEf & : 4OE A -
= OjAREMZE OHD'IﬁE T st mo| H|H O M -9 http://vis-www.cs.umass.edu/lfwE (http:/vis-
www.cs.umass.edu/lfw%EB%A5%BC) &1l
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In [3]:

from sklearn.datasets import fetch_lfw_people
import matplotlib.pyplot as plt

import numpy as np

from sklearn.model_selection import train_test_split

o APZHE 20%tO| O|O|X|

In [4]:

people = fetch_|fw_people(min_faces_per_person=20,

resize=0.7) # 224 O|0IKI= color=True2 S8 =LC}.

MHH

print(people.keys())

print("OlDIAl & ", people.images.shape)

print("At& " |, people.target_names) # = 629
image_shape = people.images[0].shape # 3023%& 2| 0|0IXl

print(image_shape)

dict_keys(['data', 'images', 'target', 'target_names', 'DESCR'])

OI0IXl &g (3023, 87, 65)

AZ ['Alejandro Toledo' 'Alvaro Uribe' 'Amelie Mauresmo' 'Andre Agassi'
'Angelina Jolie' 'Ariel Sharon' 'Arnold Schwarzenegger'
'Atal Bihari Vajpayee' 'Bill Clinton' 'Carlos Menem' 'Colin Powel !’
'David Beckham' 'Donald Rumsfeld' 'George Robertson' 'George W Bush'
'Gerhard Schroeder' 'Gloria Macapagal Arroyo' 'Gray Davis'
'Guillermo Coria' 'Hamid Karzai' 'Hans Blix' 'Hugo Chavez' 'lgor Ivanov'
"Jack Straw' 'Jacques Chirac' 'Jean Chretien' 'Jennifer Aniston'
"Jennifer Capriati' 'Jennifer Lopez' 'Jeremy Greenstock' 'Jiang Zemin'
"John Ashcroft' 'John Negroponte' 'Jose Maria Aznar'
"Juan Carlos Ferrero' 'Junichiro Koizumi' 'Kofi Annan' 'Laura Bush'
'Lindsay Davenport' 'Lleyton Hewitt' 'Luiz Inacio Lula da Silva'
'Mahmoud Abbas' 'Megawati Sukarnoputri' 'Michael Bloomberg' 'Naomi Watts'
'"Nestor Kirchner' 'Paul Bremer' 'Pete Sampras' 'Recep Tayyip Erdogan'
'Ricardo Lagos' 'Roh Moo—hyun' 'Rudolph Giuliani' 'Saddam Hussein'
'Serena Williams' 'Silvio Berlusconi' 'Tiger Woods' 'Tom Daschle'
'Tom Ridge' 'Tony Blair' 'Vicente Fox' 'Vladimir Putin' 'Winona Ryder ']

(87, 65)

Y= 0|0|X| 1071 EA|St7|
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In [7]:

fig, axes = plt.subplots(2, 5, figsize=(15,8),
subplot_kw= {'xticks':(), 'yticks':() })

for target, image, ax in zip(people.target, people.images, axes.ravel() ):

ax.imshow(image) # OIO|IXl EA|
ax.set_title(people.target_names[target]) # OIOIXE 0|8

Winona Ryder Jean Chretien Carlos Menem Ariel Sharon Alvaro Uribe

Colin Powell

Recep Tayyip Erdogan Gray Davis George Robertson Silvio Berlusconi

o|O|x| 37|

In [8]:

print("Ol0IKl AJ|:", people.images.shape)
print("ZehA JHz=:", len(people.target_names))

Ol0OIXI 221 (3023, 87, 65)
SHA = 62

2t AbEel ]| x| & REW et



In [9]:

# EF2D gt 2r=2to Moy =

counts = np.bincount (people.target)

print( counts )

print("=A  {}, = : {}".format(np.min(counts), np.max(counts)))

[ 39 35 21 36 20 77 42 24 29 21236 31 121 22 530 109 44 26
30 22 39 71 20 28 52 55 21 42 21 24 20 53 31 23 28 60
32 41 22 41 48 29 33 20 22 37 20 22 30 27 32 26 23 52
33 23 25 33 144 32 49 24]

El4 020, =04 0 530

In [10]:

people.target_names

Qut[10]:

array(['Alejandro Toledo', 'Alvaro Uribe', 'Amelie Mauresmo',
'Andre Agassi', 'Angelina Jolie', 'Ariel Sharon',
"Arnold Schwarzenegger ', 'Atal Bihari Vajpayee', 'Bill Clinton',
‘Carlos Menem', 'Colin Powell', 'David Beckham', 'Donald Rumsfeld',

'George Robertson', 'George W Bush', 'Gerhard Schroeder',
'Gloria Macapagal Arroyo', 'Gray Davis', 'Guillermo Coria',

'"Hamid Karzai', 'Hans Blix', 'Hugo Chavez', 'lgor lvanov',
"Jack Straw', 'Jacques Chirac', 'Jean Chretien',
"Jennifer Aniston', 'Jennifer Capriati', 'Jennifer Lopez',

"Jeremy Greenstock', 'Jiang Zemin', 'John Ashcroft',
"John Negroponte', 'Jose Maria Aznar', 'Juan Carlos Ferrero',

"Junichiro Koizumi', 'Kofi Annan', 'Laura Bush',
'Lindsay Davenport', 'Lleyton Hewitt', 'Luiz Inacio Lula da Silva',
'Mahmoud Abbas', 'Megawati Sukarnoputri', 'Michael Bloomberg',

'Naomi Watts', 'Nestor Kirchner', 'Paul Bremer', 'Pete Sampras',

'Recep Tayyip Erdogan', 'Ricardo Lagos', 'Roh Moo-hyun',

'Rudolph Giuliani', 'Saddam Hussein', 'Serena Williams',

'Silvio Berlusconi', 'Tiger Woods', 'Tom Daschle', 'Tom Ridge',

'Tony Blair', 'Vicente Fox', 'Vladimir Putin', 'Winona Ryder'],
dtype='<U25")



In [11]:

H# EF2(AFR)Sl OIS 2t A CIOIE N4 53,

for i,

(count, name) in enumerate( zip(counts, people.

print("{0:25} {1:3}".format(name, count), end= ' )

if (i+1)%3==0:
print()

Alejandro Toledo
21

Andre Agassi

77

Arnold Schwarzenegger
29

Car los Menem

31

Donald Rumsfeld
530

Gerhard Schroeder
26

Guillermo Coria
39

Hugo Chavez

28

Jacques Chirac

21

Jennifer Capriati
24

Jiang Zemin

31

Jose Maria Aznar
60

Kofi Annan

22

Lleyton Hewitt

29

Megawati Sukarnoputri
22

Nestor Kirchner
22

Recep Tayyip Erdogan
32

Rudolph Giuliani

52

Silvio Berlusconi
25

Tom Ridge

32

Vladimir Putin

39

36

42

71

52

42

20

23

32

26

33

33

49

Alvaro Uribe 35
Angelina Jolie 20
Atal Bihari Vajpayee 24
Colin Powel | 236
George Rober tson 22

Gloria Macapagal Arroyo 44

Hamid Karzai 22
lgor |vanov 20
Jean Chretien 55
Jennifer Lopez 21
John Ashcroft 53
Juan Carlos Ferrero 28
Laura Bush 41

Luiz Inacio Lula da Silva 48

Michael Bloomberg 20
Paul Bremer 20
Ricardo Lagos 27
Saddam Hussein 23
Tiger Woods 23
Tony Blair 144

Winona Ryder 24

target_names) ):

Amelie Mauresmo
Ariel Sharon

Bill Clinton
David Beckham
George W Bush
Gray Davis

Hans Blix

Jack Straw
Jennifer Aniston
Jeremy Greenstock
John Negroponte
Junichiro Koizumi
Lindsay Davenpor t
Mahmoud Abbas
Naomi Watts

Pete Sampras

Roh Moo—-hyun
Serena Williams
Tom Daschle

Vicente Fox



In [12]:

#HHE EF2L(ALEN) Q] 0121 2F AFEHE OIOIE! = =2 . (2A 2, 1Z01l)
for i, (count, name) in enumerate(zip(counts, people.target_names)):

print("{0:5}, {1:25}".format(count, name), end=" ")
if (i+1)%2-==
print()

39, Alejandro Toledo 35, Alvaro Uribe
21, Amelie Mauresmo 36, Andre Agassi
20, Angelina Jolie 77, Ariel Sharon
42, Arnold Schwarzenegger 24, Atal Bihari Vajpayee
29, Bill Clinton 21, Carlos Menem
236, Colin Powell 31, David Beckham
121, Donald Rumsfeld 22, George Robertson
530, George W Bush 109, Gerhard Schroeder
44, Gloria Macapagal Arroyo 26, Gray Davis
30, Guillermo Coria 22, Hamid Karzai
39, Hans Blix 71, Hugo Chavez
20, lgor Ivanov 28, Jack Straw
52, Jacques Chirac 55, Jean Chretien
21, Jennifer Aniston 42, Jennifer Capriati
21, Jennifer Lopez 24, Jeremy Greenstock
20, Jiang Zemin 53, John Ashcroft
31, John Negroponte 23, Jose Maria Aznar
28, Juan Carlos Ferrero 60, Junichiro Koizumi
32, Kofi Annan 41, Laura Bush
22, Lindsay Davenport 41, Lleyton Hewitt
48, Luiz Inacio Lula da Silva 29, Mahmoud Abbas
33, Megawati Sukarnoputr i 20, Michael Bloomberg
22, Naomi Watts 37, Nestor Kirchner
20, Paul Bremer 22, Pete Sampras
30, Recep Tayyip Erdogan 27, Ricardo Lagos
32, Roh Moo-hyun 26, Rudolph Giuliani
23, Saddam Hussein 52, Serena Williams
33, Silvio Berlusconi 23, Tiger Woods
25, Tom Daschle 33, Tom Ridge
144, Tony Blair 32, Vicente Fox
49, Vladimir Putin 24, Winona Ryder

. George W Bush 52| 0|0 X|= 87| I}20] 0] B[O|E{S ICHZ 0 B340] HE0| 42 % o],
. AZIOtCE 0| D|X| | 747k %t0| 7} QLOf HIO|Ef 7t BB &l 242 37| ) 2t ALt 507 0|0 X|0H 2%

50704 HIO|E{E FZ3t7| 2I3H..

o TH| O|0|X|4=0f FalseZ Of&
o 2 AMEIO| = A CHE 507, TrueZ 2442 X M.

In [13]:

people.target.shape

out[13]:
(3023,)



In [14]:

nums = people.target.shape # Ol0|X2 ==
mask = np.zeros(nums, dtype=np.bool)
mask

<ipython-input-14-01ce2b9256eb>:2: DeprecationWarning: ‘np.bool’ is a deprecated ali
as for the builtin "bool". To silence this warning, use ‘bool™ by itself. Doing this
will not modify any behavior and is safe. |f you specifically wanted the numpy scala
r type, use ‘np.bool_" here.

Deprecated in NumPy 1.20: for more details and guidance: https://numpy.org/devdocs/r
elease/1.20.0-notes.html#deprecations (https://numpy.org/devdocs/release/1.20.0-note
s.html#deprecations)

mask = np.zeros(nums, dtype=np.bool)

Out[14]:

array([False, False, False, ..., False, False, False])

In [15]:

S/ = . BA=

# =802 X<||9_|8|- = EA|
np.unique(people.target)

Out[15]:

array([ 0, 1, 2, 3, 4, 5, 6, 7, 8, 9,10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61], dtype=int64)

In [16]:

# 2 ALEE 508 dE

nums = np.unique(people.target)

for target in nums:
mask[np.where(people.target==target)[0][:50]] = 1 # 2@ A=Y 50& M EH

# 8 OIS 12 T Jes AS AL
X_people = people.data[mask]
y_people = people.target[mask]

# 0 ~ 255 ALOI2] =¢84 0O|0| X2 HA gi2 0~1 AHLZ XF.
# (52!0]) MinMaxScaler& E&ol= A1 HO Z&LICH.
X_people = X_people / 255.

print(X_people.shape)

(2063, 5655)
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https://numpy.org/devdocs/release/1.20.0-notes.html#deprecations

In [17]:

from sklearn.neighbors import KNeighborsClassifier
X_train, X_test, y_train, y_test = train_test_split(
X_people, y_people, stratify=y_people, random_state=0)

rin

# 0l Ji=E 8t JHE ot KNeightborsClassifier 2= Bt
knn = KNeighborsClassifier(n_neighbors=1)

knn.fit(X_train, y_train)

print("1-z=2& 022 HAE HE &==:{:.2f}".format(knn.score(X_test, y_test)))

Ct.

1-228 0122 HAE NME &82:0.23

- 22 6270 2 Fot=s EMO|A LiE Z23t= OrL|X| 2, O FECHD 2 Z0t: Ot

o

PCAE 0| 85 A 87 x 65(=5655)2] EXH2 #= =2 100712 FHELER F
iE
In [18]:

from sklearn.decomposition import PCA

In [20]:
#iWEkJ%@%P%E%%%*H TZHIE UH5sH HE.

0 =
#FmELm’ﬂﬁotjﬁngﬁgé,%Wswmmm%MeuaﬂgﬁkE%ﬂréﬂ.
pca = PCA(n_components=100, whiten=True, random_state=0).fit(X_train)

X_train_pca = pca.transform(X_train)
X_test_pca = pca.transform(X_test)

print("X_train_pca.shape:", X_train_pca.shape)
print("X_test_pca.shape:", X_test_pca.shape)

X_train_pca.shape: (1547, 100)
X_test_pca.shape: (516, 100)

« MZ2 Ho|HE MZ 100702 =d=0 sidEl= 58S 7Hd.
O HIO[HE AE3IO 1-2|2H O|X BR7IZ O|OIX|E & F

In [21]:

knn = KNeighborsClassifier(n_neighbors=1)
knn.fit(X_train_pca, y_train)

print("HIAE H&x ¢ {:.2f}". format(knn.score(X_test_pca, y_test)))

HAE

0z
o
1
(@]
w

o DEIO| Mot 7} 23%0| M 31% 2 A



Z4g ojo|x| gol

o THE0| LIEtY= A2 €Y G|o|H S7Ho|A{] OftH 2ako| Lt
. U™ X2 87 x 65 = 5655

In [22]:

# st=

import matplotlib

from matplotlib import font_manager, rc
import platform

path = "C:/Windows/Fonts/malgun.ttf"
if platform.system() == "Windows":
font_name = font_manager .FontProperties(fname=path).get_name()
rc('font', family=font_name)
elif platform.system()=="Darwin":
rc('font', family="AppleGothic")
else:
print("Unknown System")
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In [23]:

print("pca.components_.shape

fig,

for

pca.

axes = plt.subplots(3, 5, figsize=(15,12)
subplot_kw={'xticks":(

, pca.components_

.shape)

), 'yticks':() })

i, (component, ax) in enumerate(zip(pca.components_, axes.ravel())):

ax. imshow(component . reshape( image_shape),
ax.set_title("=&2 {}".format((i+1)))

components_.shape (100, 5655)

Fd=1 Fd=2

cmap="viridis")
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In [24]:

mglearn.plots.plot_pca_faces(X_train, X_test, image_shape)

WARNING: root : [Memor izedFunc(func=<function pca_faces at 0x000002891C1CAE50>, locatio
n=cacheftjoblib)]: Clearing function cache identified by mglearnfplot_pcaffpca_faces

[Memory] Calling mglearn.plot_pca.pca_faces...

pca_faces(array([[0.535948, ..., 0.243137],
[0.043137, ... 0.596078]]. dtype=float32),
array([[0.237908. .... 0.269281].
(0.4 . ... 0.254902]]. dtype=float32))

pca_faces — 2.5s, 0.0min

original image 10 components 50 compaonents 100 components 500 components

« FEES 107 MEME T, D=2 21, = 22 O[0[X[2] 7|2 248 LIEHE.
o FYEO0| O WO| AEET & 5 0[0[X|7} B F AT



In [25]:

from matplotlib.offsetbox import Offsetlmage, AnnotationBbox

image_shape = people.images[0].shape

plt.

figure(figsize=(20, 3))

ax = plt.gca()

imagebox = OffsetImage(people.images[0], zoom=2, cmap="gray")

ab = AnnotationBbox(imagebox, (.05, 0.4), pad=0.0, xycoords='data')

ax.add_artist(ab)

for i in range(4):

ifi==
plt.text(.155, .3, 'x_{} »'.format(i), fontdict={'fontsize':
else:
plt.text(.145 + .2 = i, .3, '+ x {} ='.format(i),
fontdict={"'fontsize': 30})
plt.text(.95, .3, '+ ...', fontdict={'fontsize': 30})
plt.rc( text")
plt.text(.12, .3, '=', fontdict={'fontsize': 30})
plt.axis("off")
plt.show()
plt.close()
plt.rc('text")

imagebox = Of fsetImage(pca.components_[i].reshape(image_shape),

cmap="viridis")

ab = AnnotationBbox(imagebox, (.285 + .2 = i, 0.4),
pad=0.0, xycoords='data')
ax.add_artist(ab)
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In [27]:

from sklearn.decomposition import NMF

nmf = NMF(n_components=15, random_state=0)
nmf.fit(X_train)

X_train_nmf = nmf.transform(X_train)
X_test_nmf = nmf.transform(X_test)

fig, axes = plt.subplots(3, 5, figsize=(15, 12),
subplot_kw={'xticks': (), 'yticks': ()})
for i, (component, ax) in enumerate(zip(nmf.components_, axes.ravel())):
ax. imshow(component . reshape( image_shape))
ax.set_title("d= {}".format(i))

C:WUsersttotoWanaconda3it! ibis i te—packagestisk | ear nttdecomposit ionW_nmf .py:312: FutureW
arning: The 'init' value, when 'init=None' and n_components is less than n_samples a
nd n_features, will be changed from 'nndsvd' to 'nndsvda' in 1.1 (renaming of 0.26).

warnings.warn(("The "init' value, when 'init=None' and "
C:#WUsersttototfanacondadi| ibisi te—packagesttsk | ear nftdecomposi t iont_nmf.py:1090: Conver
genceWarning: Maximum number of iterations 200 reached. Increase it to improve conve
rgence.

warnings.warn("Maximum number of iterations %d reached. Increase it to"

d4=0 421 Hq422 423

o NMFECLPCAALEA|O| SE 0| £C},
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In [28]:

compn = 3
# AR 202 HEG0 XS 1004 0lI0IXIS ==& CH
inds = np.argsort(X_train_nmf[:, compn])[::=1]
fig, axes = plt.subplots(2, 5, figsize=(15, 8),
subplot_kw={'xticks': (), 'yticks': ()})
for i, (ind, ax) in enumerate(zip(inds, axes.ravel())):
ax. imshow(X_train[ind].reshape(image_shape))

compn = 7
#8HM Hd=22=2 HEGIW M= 1000 Ol0IKIE SE &L
inds = np.argsort(X_train_nmf[:, compn])[::-1]
fig, axes = plt.subplots(2, 5, figsize=(15, 8),
subplot_kw={'xticks': (), 'yticks': ()})
for i, (ind, ax) in enumerate(zip(inds, axes.ravel())):
ax. imshow(X_train[ind].reshape(image_shape))
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In [29]:

mglearn.plots.plot_nmf_faces(X_train, X_test, image_shape)

WARN ING: root : [Memor izedFunc(func=<function nmf_faces at 0x000002891C107280>, locatio

n=cachetfjoblib)]: Clearing function cache identified by mglearntplot_nmfnmf_faces

C:WUsersttotoWanaconda3it! i bi¥s i te—packagestisk | ear nttdecomposit ionW_nmf .py:312: FutureW

arning: The 'init' value, when 'init=None' and n_components is less than n_samples a

nd n_features, will be changed from 'nndsvd' to 'nndsvda' in 1.1 (renaming of 0.26).
warnings.warn(("The 'init' value, when 'init=None' and "

[Memory] Calling mglearn.plot_nmf.nmf_faces...

nmf_faces(array([[0.535948, ..., 0.243137],
[0.043137, ... 0.596078]]. dtype=float32),
array([[0.237908, ..., 0.269281],
(0.4 . ... 0.254902]]. dtype=float32))

C:#WUsersttototfanacondadtt| ibs i te—packagestisk | ear nftdecomposi t iont_nmf.py:1090: Conver
genceWarning: Maximum number of iterations 200 reached. Increase it to improve conve
rgence.

warnings.warn("Maximum number of iterations %d reached. Increase it to"
C:WUsersttotoWanaconda3it! i bi¥s i te—packagestisk | ear nttdecomposit ionW_nmf .py:312: FutureW
arning: The 'init' value, when 'init=None' and n_components is less than n_samples a
nd n_features, will be changed from 'nndsvd' to 'nndsvda' in 1.1 (renaming of 0.26).

warnings.warn(("The "init' value, when 'init=None' and "
C:#WUsersttototfanacondadi| ibisi te—packagestisk | ear nftdecomposi t iont_nmf.py:1090: Conver
genceWarning: Maximum number of iterations 200 reached. Increase it to improve conve
rgence.

warnings.warn("Maximum number of iterations %d reached. Increase it to"
C:WUsersltototfanaconda3di| ibis i te—packagesttsk | ear nffdecomposit iont_nmf.py:312: FutureW
arning: The 'init' value, when 'init=None' and n_components is less than n_samples a
nd n_features, will be changed from 'nndsvd' to 'nndsvda' in 1.1 (renaming of 0.26).

warnings.warn(("The "init' value, when 'init=None' and "
C:WUsersttotoWanaconda3it! ibis i te—packagestisk | ear nfdecomposit iont_nmf.py: 1090: Conver
genceWarning: Maximum number of iterations 200 reached. Increase it to improve conve
rgence.

warnings.warn("Maximum number of iterations %d reached. Increase it to"
C:#WUsersttototfanacondadtt| ibsi te—packagesttsk | ear nffdecomposition_nmf.py:312: FutureW
arning: The 'init' value, when 'init=None' and n_components is less than n_samples a
nd n_features, will be changed from 'nndsvd' to 'nndsvda' in 1.1 (renaming of 0.26).

warnings.warn(("The "init' value, when 'init=None' and "
C:WUsersttotoWanaconda3it! ibWs i te—packagestisk | ear nifdecomposit iont_nmf.py: 1090: Conver
genceWarning: Maximum number of iterations 200 reached. Increase it to improve conve
rgence.

warnings.warn("Maximum number of iterations %d reached. Increase it to"
C:#WUsersttototfanacondadi| ibisi te—packagesttsk | ear nftdecomposi t iont_nmf.py:1090: Conver
genceWarning: Maximum number of iterations 200 reached. Increase it to improve conve
rgence.

warnings.warn("Maximum number of iterations %d reached. Increase it to"

nmf_faces — 779.2s, 13.0min




original image 10 components 50 components 100 components 500 compeonents




