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import numpy as np
import matplotlib.pyplot as plt

from sklearn.datasets import load_iris, fetch_olivetti_faces

from sklearn.decomposition import PCA, IncrementalPCA, KernelPCA, SparsePCA

from sklearn.decomposition import TruncatedSVD, DictionarylLearning, FactorAnalysis
from sklearn.decomposition import FastICA, NMF, LatentDirichletAllocation

from sklearn.discriminant_analysis import LinearDiscriminantAnalysis

iris, labels = load_iris(return_X_y=True)
faces, _ = fetch_olivetti_faces(return_X_y=True, shuffle=True)

[> downloading Olivetti faces from https://ndownloader.figshare.com/files/5976027 to /root/sciki

»

def plot_iris(iris, labels):
plt.figure()
colors = ['navy', 'purple', 'red']
for xy, label in zip(iris, labels):
plt.scatter(xy[0], xy[1], color=colors[label])

def show_faces(faces):

F|ASIE{H Ctr+M Z EE=

plt.subplot(num_rows, num_cols, i + 1)
plt.imshow(np.reshape(faces[i], (64, 64)), cmap=plt.cm.gray)

iris.shape

(150, 4)

plot_iris(iris[:, :2], labels)


https://ndownloader.figshare.com/files/5976027
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show_faces(faces)

model . fit(iris)
transformed_iris = model.transform(iris)
transformed_iris.shape

(150, 2)

plot_iris(transformed_iris, labels)
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mode| = PCA(n_components=2+3, random_state=0)
model . fit(faces)

faces_components = model .components_
faces_components.shape

(6, 4096)

show_faces(faces_components)
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model = IncrementalPCA(n_components=2)
model . fit(iris)

transformed_iris = model.transform(iris)
transformed_iris.shape

(150, 2)

plot_iris(transformed_iris, labels)
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model = IncrementalPCA(n_components=2+3)

model . fit(faces)
faces_components = model .components_
faces_components.shape

(6, 4096)

show_faces(faces_components)

mode| = KernelPCA(n_components=2, kernel='rbf', random_state=0)
model.fit(iris)

transformed_iris = model.transform(iris)
plot_iris(transformed_iris, labels)
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mode| = KernelPCA(n_components=2+3, kernel='rbf', random_state=0)
model . fit(faces)

faces_components = model .components_
faces_components.shape

AttributeError Traceback (most recent call last)
<ipython-input-21-031b9b70f2e7> in <module>()

1 model = KernelPCA(n_components=2*3, kernel='rbf', random_state=0)
2 model.fit(faces)

----> 3 faces_components = model.components_
4 faces_components.shape

AttributeError: 'KernelPCA' object has no attribute 'components ‘'
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mode| = SparsePCA(n_components=2+3, random_state=0)
model . fit(faces)

faces_components = model .components_

show_faces( faces_components)
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model = TruncatedSVD(n_components=2, random_state=0)
model.fit(iris)
transformed_iris = model.transform(iris)



plot_iris(transformed_iris, labels)
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mode| = TruncatedSVD(n_components=2+3, random_state=0)
model . fit(faces)

faces_components = model .components_
show_faces(faces_components)
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model = DictionaryLearning(n_components=2, random_state=0)
model.fit(iris)

transformed_iris = model.transform(iris)
plot_iris(transformed_iris, labels)
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model = DictionarylLearning(n_components=2x3, random_state=0)
model . fit(faces)

faces_components = model .components_

show_faces( faces_components)

~ Factor Analysis
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mode| = FactorAnalysis(n_components=2, random_state=0)
model.fit(iris)

transformed_iris = model.transform(iris)
plot_iris(transformed_iris, labels)
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mode| = FactorAnalysis(n_components=2+3, random_state=0)
mode! . fit(faces)

faces_components = model .components_
show_faces(faces_components)

Ar 1x

2 Folote ALt Y H

* ICAE T3 &S 0|E%t= H2 PCARt wAISHA|2H HIO|H & 7tE & d¥ot= 52 =
PCASI FE| 7tE SEH Y =, =8 J0| A7 = HHE RS

0.2 | . .
- .
* *
01 A ":1.. ':;:‘ t-.

—0.1 A1 (] [ ]

-0.2 °

T T T T
-0.15 —0.10 —0.05 0.00 0.05 010



mode| = Fast|CA(n_components=2%3, random_state=0)
model . fit(faces)

faces_components = model .components_
show_faces(faces_components)

-

.

25
25

2

B0
o 5 50

50
o 50

~ Non-negative Matrix Factorization

o
S 855 Z2oHA| 2 HE WeHe| &2 2 Zdllot=

= x<
Il
VARV,
==
o

mode! = NMF(n_components=2, random_state=0)
model . fit(iris)
transformed_iris = model.transform(iris)
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mode| = NMF(n_components=2+3, random_state=0)
model . fit(faces)



faces_components = model .components_
show_faces(faces_components)

~ Latent Dirichlet Allocation (LDA)
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model = LatentDirichletAllocation(n_components=2, random_state=0)
model.fit(iris)

transformed_iris = model.transform(iris)
plot_iris(transformed_iris, labels)
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model = LatentDirichletAllocation(n_components=2*3, random_state=0)
model . fit(faces)

faces_components = model .components_

show_faces( faces_components)
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model = LinearDiscriminantAnalysis(n_components=2)

model.fit(iris,

labels)

transformed_iris = model.transform(iris)
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plot_iris(transformed_iris, labels)
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from sklearn.neighbors import KNeighborsClassifier
from sklearn.svm import SVC

from sklearn.tree import DecisionTreeClassifier

from sklearn.ensemble import RandomForestClassifier
from sklearn.datasets import load_digits

from sklearn.model_selection import cross_val_score

def min_max_scale(x):

min_value, max_value = np.min(x, 0),

np.max(x, 0)

x = (x — min_value) / (max_value - min_value)
return x



def plot_digits(digits, labels):

digits = min_max_scale(digits)

ax = plt.subplot(111, projection='3d")

for i in range(digits.shape[0]):

ax.text(digits[i, O], digits[i, 1], digits[i, 2],

str(labels[i]), color=plt.cm.Set1(labels[i] / 10.),
fontdict={'weight': 'bold', 'size': 9})

ax.view_init(4, -72)

digits = load_digits()

nmf = NMF(n_components=3)
nmf.fit(digits.data)
decomposed_digits = nmf.transform(digits.data)

print(digits.data.shape)
print (decomposed_digits.shape)
print(decomposed_digits)

(1797, 64)

(1797, 3)

[[0.48392621 0. 1.24523913]
[0.5829615 1.46767565 0.07150889]
[0.61515882 1.10963211 0.387782 ]

[0.55272665 1.26056523 0.72094739]
[0.7872562 0.27898731 1.04952029]
[0.78507412 0.67250886 0.92677983]]

plt.figure(figsize=(20, 10))
plot_digits(decomposed_digits, digits.target)
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knn = KNeighborsClassifier()
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score = cross_val_score(
estimator=knn,
X=digits.data, y=digits.target,
cv=b

)

score

array([0.94722222, 0.95555556, 0.96657382, 0.98050139, 0.9637883 ])

print('mean cross val score: {} (+/- {})'.format(score.mean(), score.std()))

mean cross val score: 0.9627282575054161 (+/- 0.011168537355954218)

score = cross_val_score(
estimator=knn,
X=decomposed_digits, y=digits.target,
cv=5

)

score

array([0.54722222, 0.58055556, 0.64066852, 0.59610028, 0.56267409])

print('mean cross val score: {} (+/- {})'.format(score.mean(), score.std()))

mean cross val score: 0.5854441349427422 (+/- 0.03214521445075084)

svm = SVC()

score = cross_val_score(
estimator=svm,
X=digits.data, y=digits.target,
cv=5

)

score

array([0.96111111, 0.94444444, 0.98328691, 0.98885794, 0.93871866])

print('mean cross val score: {} (+/- {})'.format(score.mean(), score.std()))



mean cross val score: 0.9632838130609718 (+/- 0.02008605863225686)

score = cross_val_score(
estimator=svm,
X=decomposed_digits, y=digits.target,
cv=5

)

score

array([0.61388889, 0.62222222, 0.66016713, 0.60167131, 0.59888579])

print('mean cross val score: {} (+/- {})'.format(score.mean(), score.std()))

mean cross val score: 0.6193670690188796 (+/- 0.022070024720937543)

v Decision Tree

decision_tree = DecisionTreeClassifier()

score = cross_val_score(
estimator=decision_tree,
X=digits.data, y=digits.target,
cv=5

)

score

array([0.775 , 0.725 , 0.78551532, 0.83844011, 0.81615599])

print('mean cross val score: {} (+/- {})'.format(score.mean(), score.std()))

mean cross val score: 0.7880222841225628 (+/- 0.03868109537958548)

X=decomposed_digits, y=digits.target,
cv=5

)

score

array([0.58888889, 0.50277778, 0.57381616, 0.58495822, 0.50417827])

print('mean cross val score: {} (+/- {})'.format(score.mean(), score.std()))

mean cross val score: 0.5509238625812443 (+/- 0.03905619860692382)

+ Random Forest



random_forest = RandomForestClassifier()

score = cross_val_score(
estimator=random_forest,
X=digits.data, y=digits.target,
cv=b

)

score

array([0.93055556, 0.90833333, 0.96100279, 0.96100279, 0.93593315])

print('mean cross val score: {} (+/- {})'.format(score.mean(), score.std()))

mean cross val score: 0.9393655215103683 (+/- 0.01994359937854058)

score = cross_val_score(
estimator=random_forest,
X=decomposed_digits, y=digits.target,
cv=5

)

score

array([0.57777778, 0.59166667, 0.66852368, 0.61559889, 0.545961 ])

print('mean cross val score: {} (+/- {})'.format(score.mean(), score.std()))

mean cross val score: 0.5999056019808109 (+/- 0.04104207548638512)

(1797, 64)

plt.figure(figsize=(16, 8))
plt.suptitle('Re—constructed digits")
for i in range(10):
plt.subplot(2, 5, i+1)
plt.xticks([])
plt.yticks([])
plt.imshow(reconstructed_digits[i].reshape(8, 8))



Re-constructed digits

score = cross_val_score(
estimator=knn,
X=reconstructed_digits, y=digits.target,
cv=b

v KNN

)

score

array([0.54166667, 0.59444444, 0.66295265, 0.57660167, 0.57381616])

print('mean cross val score: {} (+/- {})'.format(score.mean(), score.std()))

score = cross_val_score(
estimator=svm,
X=reconstructed_digits, y=digits.target,
cv=b

)

score

array([0.62777778, 0.60555556, 0.66016713, 0.61002786, 0.5821727 ])

print('mean cross val score: {} (+/- {})'.format(score.mean(), score.std()))



mean cross val score: 0.6171402042711235 (+/- 0.025969174809053776)

v Decision Tree

score = cross_val_score(
estimator=decision_tree,
X=reconstructed_digits, y=digits.target,
cv=b

)

score

array([0.57222222, 0.52777778, 0.55988858, 0.55988858, 0.54038997])

print('mean cross val score: {} (+/- {})'.format(score.mean(), score.std()))

mean cross val score: 0.552033426183844 (+/- 0.015842353680764393)

+ Random Forest

score = cross_val_score(
estimator=random_forest,
X=reconstructed_digits, y=digits.target,
cv=5

)

score

array([0.58055556, 0.58888889, 0.63788301, 0.61002786, 0.57103064])

print('mean cross val score: {} (+/- {})'.format(score.mean(), score.std()))

mean cross val score: 0.5976771897245434 (+/- 0.023872452547610862)

train_faces, test_faces = train_test_split(faces, test_size=0.1)

show_faces(train_faces)
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show_faces(test_faces)

damaged_faces = []
for face in test_faces:

idx = np.random.choice(range(64 * 64), size=1024)

damaged_face = face.copy()

damaged_face[idx] = 0.

damaged_faces.append(damaged_face)
show_faces(damaged_faces)

nmf = NMF(n_components=10)
nmf.fit(train_faces)

NMF (alpha=0.0, beta_loss="'frobenius', init=None, I1_ratio=0.0, max_iter=200,
n_components=10, random_state=None, shuffle=False, solver='cd', tol=0.0001,
verbose=0)

matrix1 = nmf.transform(damaged_faces)

matrix2 = nmf.components_
chnw facea(matrix1 @ matrix?)
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nmf = NMF(n_components=100)
nmf.fit(train_faces)

NMF(alpha=0.0, beta_loss="'frobenius', init=None, |1_ratio=0.0, max_iter=200,
n_components=100, random_state=None, shuffle=False, solver='cd', tol=0.0001,
verbose=0)

matrix1 = nmf.transform(damaged_faces)
matrix2 = nmf.components_
show_faces(matrix1 @ matrix2)

nmf = NMF(n_components=300)
nmf.fit(train_faces)

NMF (alpha=0.0, beta_loss='frobenius', init=None, I1_ratio=0.0, max_iter=200,
n_components=300, random_state=None, shuffle=False, solver='cd', tol=0.0001,
verbose=0)

matrix1 = nmf.transform(damaged_faces)
matrix2 = nmf.components_
show_faces(matrix1 @ matrix2)
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mode! = NMF(n_components=10)

{'alpha': 0.0,
'beta_loss': 'frobenius',
"init': None,
"[1_ratio': 0.0,
'max_iter': 200,
'n_components': 10,
'random_state': None,
'shuffle': False,
'solver': 'cd',
"tol': 0.0001,
'verbose': 0}




