2017/11/27 PML_chapter10

In [1]:

%load_ext watermark
%watermark —a ’Sebastian Raschka’ —-u —d -v —p numpy, pandas, matplotlib, scikit-Iearn, seaborn

UsageError: unrecognized arguments: Raschka’

In [2]:
from IPython.display import Image

In [3]:
%matplotlib inline

In [4]:
Image (filename="10_01. png’, width=500)
Out[4]:
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In [3]:

import pandas as pd

df = pd. read_csv( https://archive. ics. uci.edu/ml/machine-learning—databases/’
"housing/housing. data’,
header=None,
sep="¥s+')

df.columns = ['CRIM', "ZN', ' INDUS' , ’CGHAS,

"NOX', 'RM', "AGE', 'DIS’, 'RAD’

"TAX", 'PTRATIO’, 'B’, 'LSTAT', 'MEDV']
df. head ()
Out[3]:

CRIM| ZN|INDUS |CHAS | NOX| RM|AGE DIS|RAD| TAX|PTRATIO

0(0.00632 (18.0 [2.31 0 0.538 |6.575 |65.2 |4.0900 |1 296.0 [15.3 396
110.02731|0.0 |7.07 0 0.469 |6.421|78.9 |14.9671 |2 242.0 (17.8 396
210.02729(0.0 |7.07 0 0.469 |7.185 [61.1 |14.9671 |2 242.0117.8 392
3(0.03237 (0.0 [2.18 0 0.458 |6.998 |45.8 |6.0622 (3 222.0 (18.7 394
410.06905|0.0 |(2.18 0 0.458 | 7.147 | 54.2 |16.0622 (3 222.0 (18.7 396
In [4]:

df = pd. read_csv (' https://raw. githubusercontent. com/rasbt/python—-machine-Ilearning-book/master/co
de/datasets/housing/housing. data’
header=None, sep='"¥s+')

df.columns = ['CRIM, "ZN', "INDUS, 'CHAS

"NOX', 'RM', "AGE', 'DIS’, 'RAD

"TAX', 'PTRATIO’, 'B’, 'LSTAT', 'MEDV']
df. head ()

Out[4]:

CRIM| ZN|INDUS |CHAS| NOX| RM|AGE DIS|RAD| TAX|PTRATIO

010.00632 18.0 |2.31 0 0.538 |16.575 [65.2 {4.0900 |1 296.0 [15.3 396
110.0273110.0 |7.07 |0 0.469 (6.421 |78.9 |4.9671 (2 242.0117.8 396
2(0.02729 (0.0 (7.07 |O 0.469 (7.185|61.1 |4.9671 (2 242.0117.8 392
310.03237 (0.0 |2.18 |O 0.458 |16.998 (45.8 [6.0622 |3 222.0 (18.7 394
4(0.06905(0.0 |2.18 |0 0.458 [7.147 | 54.2 |6.0622 (3 222.0118.7 396
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In [5]:

import matplotlib.pyplot as plt
import seaborn as sns

sns. set (style="whitegrid, context="notebook’)
cols = ['LSTAT', '"INDUS', "NOX', "RM", 'MEDV']

sns. pairplot (df [cols], size=2.5)

plt. tight_layout ()

# plt. savefig(’. /figures/scatter. png’, dpoi=300)
plt. show()
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In [6]:

import numpy as np

cm = np. corrcoef (df [cols]. values. T)

sns. set (font_scale=1.5)

hm = sns. heatmap (cm,
cbar=True,
annot=True,
square=True,
fmt=". 2f’
annot_kws={"size' : 15},
yticklabels=cols,
xticklabels=cols)

Z plt. tight layout ()

PML_chapter10

¥ plt. savefig(’. /figures/corr_mat. png’, dpi=300)

plt. show()
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In [7]:

sns. reset_orig()
%Ymatplotlib inline
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In [8]:

class LinearRegressionGD (object) :

def __init_ (self, eta=0.001, n_iter=20):
self.eta = eta
self.n_iter = n_iter

def fit(self, X, y):
self.w_ = np.zeros(1 + X. shape[1])
self.cost_ = []

for i in range(self.n_iter):
output = self.net_input (X)
errors = (y - output)
self.w_[1:] += self.eta * X. T.dot (errors)
self.w_[0] += self.eta * errors. sum()
cost = (errors#k2).sum() / 2.0
self. cost_. append (cost)

return self

def net_input (self, X):
return np.dot (X, self.w_[1:1) + self.w_[0]

def predict(self, X):
return self. net_input (X)
In [9]:

X = df[['RM ]1]. values
y = df [ MEDV' ]. values

In [10]:

from sklearn. preprocessing import StandardScaler

sc_x = StandardScaler ()
sc_y = StandardScaler ()
X_std = sc_x. fit_transform(X)
y_std = sc_y. fit_transform(y)

C:¥Users¥watanabe shinichi¥Anaconda3¥!|ib¥site—packages¥sklearn¥preprocessing¥data
py:586: DeprecationWarning: Passing 1d arrays as data is deprecated in 0.17 and wi
|l raise ValueError in 0.19. Reshape your data either using X.reshape(-1, 1) if yo
ur data has a single feature or X.reshape(1, -1) if it contains a single sample.
warnings. warn (DEPRECATION_MSG_1D, DeprecationWarning)
C:¥Users¥watanabe shinichi¥Anaconda3¥!|ib¥site-packages¥sklearn¥preprocessing¥data
py:649: DeprecationWarning: Passing 1d arrays as data is deprecated in 0.17 and wi
Il raise ValueError in 0.19. Reshape your data either using X.reshape(-1, 1) if yo
ur data has a single feature or X.reshape(1, -1) if it contains a single sample.
warnings. warn (DEPRECATION_MSG_1D, DeprecationWarning)
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In [11]:

Ir = LinearRegressionGD ()
Ir.fit(X_std, y_std)

Qut[11]:
<_main__.LinearRegressionGD at 0x169660ab668>

In [12]:

plt.plot(range(1, Ir.n_iter+1), Ir.cost))
plt.ylabel ( SSE’)

plt. xlabel (" Epoch’)

plt. tight_layout ()

# plt savefig('. /figures/cost. png’, dpi=300)
plt. show()
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In [13]:

def lin_regplot(X, y, model):
plt. scatter (X, y, c="lightblue")
plt.plot (X, model.predict(X), color="red, |inewidth=2)
return
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In [14]:

lin_regplot X_std, y_std, Ir)

plt. xlabel (" Average number of rooms [RM] (standardized)’)
plt.ylabel ( Price in $1000¥ s [MEDV] (standardized)’)
plt. tight_layout ()

# plt savefig(’ . /figures/gradient _fit.png’, dpi=300)

plt. show()

Price in $1000's [MEDV] (standardized)
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In [15]:

print( Slope: %. 3f" % Ir.w_[1])
print (" Intercept: %. 3f % Ir.w_[0])

Slope: 0.695
Intercept: -0.000
In [16]:

num_rooms_std = sc_x. transform([5. 0])
price_std = Ir.predict (num_rooms_std)
print ("Price in $1000" s: %.3f” % sc_y. inverse_transform(price_std))

Price in $1000"s: 10. 840

C:¥Users¥watanabe shinichi¥Anaconda3¥|ib¥site-packages¥sklearn¥preprocessing¥data
py:649: DeprecationWarning: Passing 1d arrays as data is deprecated in 0.17 and wi
Il raise ValueError in 0.19. Reshape your data either using X.reshape(-1, 1) if yo
ur data has a single feature or X.reshape(1, -1) if it contains a single sample.
warnings. warn (DEPRECATION_MSG_1D, DeprecationWarning)

In [17]:

from sklearn. | inear_model import LinearRegression
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In [18]:

slr = LinearRegression()

slr.fitXX, y)

y_pred = slr.predict (X)

print( Slope: %. 3f" % slr.coef_[0])
print( Intercept: %. 3f % slr. intercept )

Slope: 9.102
Intercept: -34. 671

In [19]:

lin_regplot(X, vy, slr)

plt. xlabel (" Average number of rooms [RM]')
plt.ylabel ( Price in $1000¥ s [MEDV]')

plt. tight_layout ()

# plt savefig(’. /figures/scikit_Ir_fit.png’, dpi=300)
plt. show ()
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In [20]:

# adding a column vector of “ones”
Xb = np. hstack ((np. ones ((X. shape[0], 1)), X))

w = np. zeros (X. shape[1])
z = np. linalg. inv(np. dot (Xb. T, Xb))
w = np.dot(z, np.dot(Xb. T, y))

print( Slope: %. 3f" % w[1])
print (' Intercept: %.3f % w[0])

Slope: 9.102
Intercept: -34. 671
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In [21]:

from sklearn. linear_model import RANSACRegressor

ransac = RANSACRegressor (LinearRegression(),
max_trials=100,
min_samp|es=50,
residual_metric=lambda x: np. sum(np. abs(x), axis=1),
residual_threshold=5.0,
random_state=0)
ransac. fit(X, vy)
inlier_mask = ransac. inlier_mask_
outlier_mask = np. logical_not(inlier_mask)

line_X = np.arange(3, 10, 1)
line_y_ransac = ransac.predict (Iine_X[:, np.newaxis])
plt.scatter X[inlier_mask], y[inlier_mask]
c="blue', marker="o', label="Inliers")
plt. scatter (X[out!lier_mask], y[outlier_mask],
c="lightgreen’, marker="s’, label="Qutliers’)
plt.plot(line_X, line_y_ransac, color="red )
plt. xlabel (" Average number of rooms [RM]")
plt.ylabel ( Price in $1000¥ s [MEDV]')
plt. legend (loc="upper left’)

plt. tight_layout ()
# plt. savefig(’. /figures/ransac_fit. png’, doi=300)
plt. show()

C:¥Users¥watanabe shinichi¥Anaconda3¥!|ib¥site-packages¥sklearn¥linear_model¥ransa
c.py:261: DeprecationWarning: 'residual_metric’ was deprecated in version 0.18 and
will be removed in version 0.20. Use 'loss’ instead.

DeprecationWarning)
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In [22]:

print( Slope: %.3f" % ransac.estimator_. coef_[0])
print (' Intercept: %. 3f % ransac. estimator_. intercept_)

Slope: 10.735
Intercept: —44.089
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In [23]:

from sklearn.cross_validation import train_test_split

X
y

df.iloc[:, :-1].values
df [" MEDV’ ]. values

X_train, X_test, y_train, y_test = train_test_split(
X, vy, test_size=0.3, random_state=0)

C:¥Users¥watanabe shinichi¥Anaconda3¥!|ib¥site-packages¥sklearn¥cross_validation.p
y:44: DeprecationWarning: This module was deprecated in version 0.18 in favor of t
he model_selection module into which all the refactored classes and functions are
moved. Also note that the interface of the new GV iterators are different from tha
t of this module. This module will be removed in 0. 20.

“This module will be removed in 0.20.”, DeprecationWarning)

In [24]:

slr = LinearRegression()
slr. fit(X_train, y_train)

y_train_pred = slr.predict (X_train)
y_test_pred = slr.predict (X_test)

In [25]:

plt.

scatter (y_train_pred, y_train_pred - y_train,
c="blue’, marker="o', label="Training data’)

plt. scatter (y_test_pred, y test_pred - y_test,
c="lightgreen’, marker="s', label="Test data’')
plt. xlabel ( Predicted values’)
plt.ylabel ( Residuals’)
plt. legend (loc="upper left’)
plt.hlines(y=0, xmin=-10, xmax=50, |w=2, color="red")
plt. xlim([-10, 50])
plt. tight_layout ()
¥ plt. savefig(. /figures/slr_residuals. png’, dpi=300)
plt. show()
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In [26]:

from sklearn.metrics import r2_score
from sklearn.metrics import mean_squared_error

print ( MSE train: %. 3f, test: %.3f % (
mean_squared_error (y_train, y_train_pred),
mean_squared_error (y_test, y_test_pred)))
print(CR™2 train: %. 3f, test: %. 3f % (
r2_score(y_train, y_train_pred),
r2_score (y_test, y_test_pred)))

MSE train: 19.958, test: 27.196
R™2 train: 0.765, test: 0.673

In [27]:

from sklearn. | inear_model import Lasso
lasso = Lasso(alpha=0.1)
lasso. fit (X_train, y_train)
y_train_pred = lasso.predict (X_train)
y_test_pred = lasso. predict (X_test)
print(lasso. coef )

[-0.11311792 0.04725111 -0.03992527 0.96478874 -0. 3. 72289616
-0.02143106 -1. 23370405 0.20469 -0.0129439 -0. 85269025 0.00795847
-0. 52392362]

In [28]:

print ( MSE train: %. 3f, test: %.3f % (
mean_squared_error (y_train, y_train_pred),
mean_squared_error (y_test, y_test_pred)))
print(CR"2 train: %. 3f, test: %. 3f" % (
r2_score(y_train, y_train_pred),
r2_score (y_test, y test_pred)))

MSE train: 20.926, test: 28.876
R"2 train: 0.753, test: 0.653

In [29]:

X = np. array ([258.0, 270.0, 294.0,
320.0, 342.0, 368.0,
396.0, 446.0, 480.0, 586.0]) [:, np.newaxis]

y = np.array([236.4, 234.4, 252.8,
298.6, 314.2, 342.2,
360.8, 368.0, 391. 2,
390.81)

In [30]:

from sklearn. preprocessing import PolynomialFeatures

Ir = LinearRegression ()

pr = LinearRegression()

quadratic = PolynomialFeatures (degree=2)
X_quad = quadratic. fit_transform(X)
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In [31]:

Z fit linear features

Ir.fitX, vy)

X_fit = np. arange (250, 600, 10) [:, np.newaxis]
y_lin_fit = Ir.predict (X_fit)

# fit quadratic features
pr. fit(X_quad, y)
y_quad_fit = pr.predict (quadratic. fit_transform(X_fit))

% plot results

plt.scatter (X, y, label="training points’)

plt.plot(X_fit, y_lin_fit, label="linear fit', linestyle="—-")
plt.plot (X_fit, y_quad_fit, label="quadratic fit')

plt. legend (loc="upper left’)

plt. tight_layout ()
# plt. savefig(’. /figures/boly example. png’, dpi=300)
plt. show()
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In [32]:

y_lin_pred = Ir.predict (X)
y_quad_pred = pr.predict (X_quad)

In [33]:

print( Training MSE linear: %.3f, quadratic: %.3f % (
mean_squared_error (y, y_lin_pred),
mean_squared_error (y, y_quad_pred)))

print( Training R"2 linear: %.3f, quadratic: %.3f % (
r2_score(y, y_lin_pred),
r2_score(y, y_quad_pred)))

Training MSE linear: 569.780, quadratic: 61.330
Training R"2 linear: 0.832, quadratic: 0.982
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In [34]:

X = df [['LSTAT' 1]. values
y = df [’ MEDV' ]. values

regr = LinearRegression()

# create quadratic features

quadratic = PolynomialFeatures (degree=2)
cubic = PolynomialFeatures (degree=3)
X_quad = quadratic. fit_transform(X)
X_cubic = cubic. fit_transform(X)

% fit features
X_fit = np.arange(X.min(), X.max(), 1)[:, np.newaxis]

regr = regr. fitXX, y)
y_lin_fit = regr.predict (X_fit)
linear_r2 = r2_score(y, regr.predict(X))

regr = regr. Tit(X_quad, y)
y_quad_fit = regr.predict (quadratic. fit_transform(X_fit))
quadratic_r2 = r2_score(y, regr.predict(X_quad))

regr = regr. Tit(X_cubic, y)
y_cubic_fit = regr.predict (cubic. fit_transform(X_fit))
cubic_r2 = r2_score(y, regr.predict(X_cubic))

# plot results
plt. scatter (X, y, label="training points’, color="1lightgray’)

plt.plot X_fit, y_lin_fit,
label="linear (d=1), $R"2=%.2f$ % linear_r2,
color="blue’
[w=2,
|inestyle=":")

plt.plot(X_fit, y_quad_fit,
label="quadratic (d=2), $R"2=%.2f$ % quadratic_r2,
color="red
[w=2,
|inestyle="-")

plt.plot(X_fit, y_cubic_Tit,
label="cubic (d=3), $R"2=%.2f$" % cubic_r2,
color="green’
[w=2,
|inestyle="——")

plt.xlabel (% lower status of the population [LSTAT]')
plt.ylabel ( Price in $1000¥ s [MEDV]')
plt. legend (loc="upper right’)

plt. tight_layout ()

# plt savefig('. /figures/polyhouse _example. png’, api=300)
plt. show()
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In [35]:

X = df [['LSTAT' 1]. values
y = df [’ MEDV' ]. values

# transform features
X_log = np. log (X)
y_sgrt = np.sqrt(y)

¥ fit features
X_fit = np.arange X_log.min()-1, X_log.max()+1, 1)[:, np.newaxis]

regr = regr. fit(X_log, y_sqrt)
y_lin_fit = regr.predict(X_fit)
linear_r2 = r2_score(y_sqrt, regr.predict(X_log))

% plot results
plt.scatter (X_log, y_sqrt, label="training points', color="lightgray)

plt.plot (X_fit, y_lin_fit,
label="linear (d=1), $R"2=%.2f$ % linear_r2,
color="blue’
lw=2)

plt.xlabel (' log(% lower status of the population [LSTAT])’)
plt.ylabel ( $¥sqrt{Price ¥; in ¥; ¥$1000¥ s [MEDV]}$')
plt. legend(loc=" lower left’)

plt. tight_layout ()
¥ plt. savefig(’. /figures/transform_example. png’, doi=300)
plt. show()

v Price in $1000°'s[MEDV]
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In [36]:

from sklearn.tree import DecisionTreeRegressor

X
y

df [[' LSTAT ]]. values
df [" MEDV’ ]. values

tree = DecisionTreeRegressor (max_depth=3)
tree. fit (X, y)

sort_idx = X. flatten().argsort()

lin_regplot X[sort_idx], y[sort_idx], tree)
plt.xlabel (% lower status of the population [LSTAT]")
plt.ylabel ( Price in $1000¥ s [MEDV]')

# plt savefig(’. /figures/tree_regression. png’, doi=300)
plt. show()
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In [37]:

X =df.iloc[:, :-1].values
= df[' MEDV' ]. values

<
|

X_train, X_test, y_train, y_test = train_test_split(
X, vy, test_size=0.4, random_state=1)
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