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6XSHUYLVHG�OHDUQLQJ6XSHUYLVHG�OHDUQLQJ
In [1]: from sklearn.linear_model import LinearRegression 

# further packages that are necessary for the analysis
import matplotlib.pylab as plt
import pandas as pd
import numpy as np 

temp_data = pd.read_csv('course_material_07/Temp_global-mean-monthly.csv', header=
0)
temp_data.head()

Out[1]:
���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ��� ���� ���� ���� ���� ���� ���� ���� ���� ����

� ����� ���� ����� ����� ����� ����� ����� ����� ����� ����� ��� ���� ���� ���� ���� ���� ���� ���� ���� ����

� ����� ���� ����� ����� ����� ����� ����� ����� ���� ����� ��� ���� ���� ���� ���� ���� ���� ���� ���� ����

� ���� ���� ����� ����� ����� ����� ����� ����� ���� ����� ��� ���� ���� ���� ���� ���� ���� ���� ���� ����

� ���� ����� ����� ����� ����� ����� ����� ����� ���� ����� ��� ���� ���� ���� ���� ���� ���� ���� ���� ����

� ���� ����� ����� ����� ����� ����� ����� ����� ���� ����� ��� ���� ���� ���� ���� ���� ���� ���� ���� ����

��URZV�������FROXPQV



6WHS����FUHDWH�PRGHO6WHS����FUHDWH�PRGHO

In [2]: model = LinearRegression(fit_intercept=True)
model

Out[2]: LinearRegression(copy_X=True, fit_intercept=True, n_jobs=None, normalize=Fals
e)



6WHS����WUDLQ�PRGHO��ßWWLQJ�6WHS����WUDLQ�PRGHO��ßWWLQJ�

In [3]: X = temp_data.columns.to_numpy(dtype=int)[:, np.newaxis]
Y = temp_data.iloc[0] 

# train model by calling 'fit' function
model.fit(X, Y) 

print('Intercept and slope of regression line:')
print(model.intercept_, model.coef_)

Intercept and slope of regression line: 
-15.984774118593323 [0.00821887] 



6WHS����XVH�PRGHO�WR�PDNH�SUHGLFWLRQV6WHS����XVH�PRGHO�WR�PDNH�SUHGLFWLRQV

In [4]: Yhat = model.predict(X)



9LVXDOL]H�RXWFRPH9LVXDOL]H�RXWFRPH

In [5]: plt.plot(X.flatten(), Yhat.flatten(), '--', color='gray')
plt.plot(X.flatten(), Y.to_numpy().flatten(), '.', color='orange')
ls = plt.legend(('predicted line', 'measured temperature anomalies'))



0RGHO�HYDOXDWLRQ��6FL�NLW�OHDUQ�SURYLGHV�D�UDQJH�RI�PHWULFV�WR�HYDOXDWH�PRGHO�SUHGLFWLRQV�
LQFOXGLQJ�WKH�5��VFRUH�

In [6]: from sklearn.metrics import r2_score 

r2_score(Y, Yhat)

Out[6]: 0.686079358654462



8QVXSHUYLVHG�OHDUQLQJ8QVXSHUYLVHG�OHDUQLQJ
*HQHUDWH�VRPH�GDWD

In [7]: from sklearn.datasets import make_blobs
X, Y = make_blobs(n_samples=400, centers=4, cluster_std=0.60, random_state=0)
X = X[:, ::-1] # flip axes for better plotting



0RGHO��ØW��SUHGLFW�

In [8]: from sklearn.cluster import KMeans 

model = KMeans(4, random_state=0)
model.fit(X)
Yhat = model.predict(X)



3ORW�RXWFRPH�RI�WKH�FOXVWHULQJ

In [9]: plt.scatter(X[:, 0], X[:, 1], c=Yhat, s=40, cmap='viridis');



)HDWXUH�UHSUHVHQWDWLRQ)HDWXUH�UHSUHVHQWDWLRQ
In [10]: demogrphx = pd.read_table('course_material_07/12111-04-01-4-B_processed3.tsv',  

                         header=0)
demogrphx.head()

Out[10]: )HGHUDO6WDWH $JH 3RSXODWLRQ0DOH 3RSXODWLRQ)HPDOH 3RSXODWLRQ7RWDO

� 6FKOHVZLJ�+ROVWHLQ � ����� ����� �����

� 6FKOHVZLJ�+ROVWHLQ � ����� ����� �����

� 6FKOHVZLJ�+ROVWHLQ � ����� ����� �����

� 6FKOHVZLJ�+ROVWHLQ � ����� ����� �����

� 6FKOHVZLJ�+ROVWHLQ � ����� ����� �����



9HFWRUL]LQJ�FDWHJRULFDO�IHDWXUHV9HFWRUL]LQJ�FDWHJRULFDO�IHDWXUHV

7UDQVIRUPLQJ�'DWD)UDPHV�ZLWK�2QH+RW(QFRGHU7UDQVIRUPLQJ�'DWD)UDPHV�ZLWK�2QH+RW(QFRGHU

In [11]: from sklearn.preprocessing import OneHotEncoder
from sklearn.compose import ColumnTransformer 

# construct "model"
categorical_trans = OneHotEncoder(handle_unknown='ignore')
column_trans = ColumnTransformer( 
   transformers=[('FederalState', categorical_trans, [0])], remainder='passthroug

h')
# "fit" model
column_trans.fit(demogrphx)
# transform data
column_trans.transform(demogrphx)
# alternatively, do both steps at once: 
trans_data = column_trans.fit_transform(demogrphx)
# transform outcome into a DataFrame for better display
pd.DataFrame(trans_data.toarray()).head()

Out[11]:
� � � � � � � � � � �� �� �� �� �� �� �� �� �� ��

� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ������� ������� �������

� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ������� ������� �������

� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ������� ������� �������

� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ������� ������� �������

� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ������� ������� �������



7UDQVIRUPLQJ�GDWD�ZLWK�WKH�'LFW9HFWRUL]HU7UDQVIRUPLQJ�GDWD�ZLWK�WKH�'LFW9HFWRUL]HU

/HW
V�FUHDWH�VRPH�GLFWLRQDU\�GDWD�IRU�WKLV�H[DPSOH�

In [12]: data_dict = demogrphx.to_dict(orient='records')
data_dict[:3]

Out[12]: [{'FederalState': 'Schleswig-Holstein', 
  'Age': 0, 
  'PopulationMale': 11132, 
  'PopulationFemale': 10400, 
  'PopulationTotal': 21532}, 
 {'FederalState': 'Schleswig-Holstein', 
  'Age': 1, 
  'PopulationMale': 11504, 
  'PopulationFemale': 10360, 
  'PopulationTotal': 21864}, 
 {'FederalState': 'Schleswig-Holstein', 
  'Age': 2, 
  'PopulationMale': 11733, 
  'PopulationFemale': 11067, 
  'PopulationTotal': 22800}]



In [13]: from sklearn.feature_extraction import DictVectorizer 

# create "model"
vec = DictVectorizer(sparse=False, dtype=int) 

# apply fit/transform to data_dict
trans_dict = vec.fit_transform(data_dict) 

# transform outcome into a DataFrame for better display
pd.DataFrame(trans_dict, columns=vec.get_feature_names()).head()

Out[13]:
$JH

)HGHUDO6WDWH %DGHQ�
:XHUWWHPEHUJ

)HGHUDO6WDWH %D\HUQ )HGHUDO6WDWH %HUOLQ )HGHUDO6WDWH %UDQGHQEXUJ )HGHUDO6WDWH %UHPHQ )HGHUDO6WDWH

� � � � � � � �

� � � � � � � �

� � � � � � � �

� � � � � � � �

� � � � � � � �



In [14]: vec.get_feature_names()

Out[14]: ['Age', 
 'FederalState=Baden-Wuerttemberg', 
 'FederalState=Bayern', 
 'FederalState=Berlin', 
 'FederalState=Brandenburg', 
 'FederalState=Bremen', 
 'FederalState=Hamburg', 
 'FederalState=Hessen', 
 'FederalState=Mecklenburg-Vorpommern', 
 'FederalState=Niedersachsen', 
 'FederalState=Nordrhein-Westfalen', 
 'FederalState=Rheinland-Pfalz', 
 'FederalState=Saarland', 
 'FederalState=Sachsen', 
 'FederalState=Sachsen-Anhalt', 
 'FederalState=Schleswig-Holstein', 
 'FederalState=Thueringen', 
 'PopulationFemale', 
 'PopulationMale', 
 'PopulationTotal']



9HFWRUL]LQJ�WH[W�IHDWXUHV9HFWRUL]LQJ�WH[W�IHDWXUHV
6RPH�WR\�H[DPSOH�

In [15]: raw_texts = [ 
   'When you have seen more of this country, I am afraid you will think you have
overrated Hartfield.', 
   'His cold politeness, his ceremonious grace, were worse than anything.', 
   'He left her house yesterday, but where he is gone, or whether he is still in
town, I do not know; for WE of course can make no inquiry.']

In [16]: from sklearn.feature_extraction.text import CountVectorizer 

# create "model"
vec = CountVectorizer() 

# apply fit/transform to raw_texts
trans_text = vec.fit_transform(raw_texts) 

# transform outcome into a DataFrame for better display
pd.DataFrame(trans_text.toarray(), columns=vec.get_feature_names())

Out[16]: DIUDLG DP DQ\WKLQJ EXW FDQ FHUHPRQLRXV FROG FRXQWU\ FRXUVH GR ��� WRZQ ZH ZHUH ZKHQ ZKHUH ZKHWKHU ZLOO ZRU

� � � � � � � � � � � ��� � � � � � � � �

� � � � � � � � � � � ��� � � � � � � � �

� � � � � � � � � � � ��� � � � � � � � �

��URZV������FROXPQV



6HSDUDWLQJ�WHVW��DQG�WUDLQLQJ�GDWD6HSDUDWLQJ�WHVW��DQG�WUDLQLQJ�GDWD
*HQHUDWH�H[DPSOH�GDWH�ZLWK�6FL�NLW�OHDUQ�GDWD�JHQHUDWRU

In [17]: from sklearn.datasets import make_regression 

X, Y, coef = make_regression(n_samples = 1000, n_features = 1, noise=8, coef=True, 
random_state=1) 

ls = plt.plot(X, Y, '.', color='orange')



6SOLWWLQJ�GDWD�UDQGRPO\�LQWR�WUDLQLQJ�DQG�WHVWLQJ�GDWDVHW�

In [18]: from sklearn.model_selection import train_test_split 

Xtrain, Xtest, Ytrain, Ytest = train_test_split(X, Y, test_size=0.5, random_state=
1)



In [19]: # create simple linear regression model and train on training data
model = LinearRegression(fit_intercept=True)
model.fit(Xtrain, Ytrain)
# visualize training and testing data
plt.figure(figsize=(15, 5))
plt.subplot(121)
plt.plot(Xtrain, Ytrain, '.', color='orange')
plt.plot(Xtrain, model.predict(Xtrain))
plt.title('training')
plt.subplot(122)
plt.plot(Xtest, Ytest, '.', color='orange')
plt.plot(Xtest, model.predict(Xtest))
title = plt.title('testing')



&URVV�YDOLGDWLRQ&URVV�YDOLGDWLRQ
In [20]: from sklearn.model_selection import cross_val_score 

model = LinearRegression(fit_intercept=True)
cross_val_score(model, X, Y, cv=5, scoring='r2')

Out[20]: array([0.95546461, 0.95096678, 0.96044884, 0.95728812, 0.95819694])



In [21]: eval_result = cross_val_score(model, X, Y, cv=100, scoring='r2')
bplt = plt.boxplot(eval_result)
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$SSOLFDWLRQV$SSOLFDWLRQV
7KH��GLJLWV��GDWD�VHW7KH��GLJLWV��GDWD�VHW
6RXUFH��

:H
OO�XVH�6FLNLW�/HDUQ
V�GDWD�DFFHVV�LQWHUIDFH�DQG�WDNH�D�ORRN�DW�WKLV�GDWD�

KWWSV���MDNHYGS�JLWKXE�LR�3\WKRQ'DWD6FLHQFH+DQGERRN�������LQWURGXFLQJ�VFLNLW�
OHDUQ�KWPO��KWWSV���MDNHYGS�JLWKXE�LR�3\WKRQ'DWD6FLHQFH+DQGERRN�������LQWURGXFLQJ�
VFLNLW�OHDUQ�KWPO�

In [22]: from sklearn.datasets import load_digits
digits = load_digits()
digits.images.shape

Out[22]: (1797, 8, 8)



7KH�LPDJHV�GDWD�LV�D�WKUHH�GLPHQVLRQDO�DUUD\��������VDPSOHV�HDFK�FRQVLVWLQJ�RI�DQ�������JULG
RI�SL[HOV��/HW
V�YLVXDOL]H�WKH�ØUVW�KXQGUHG�RI�WKHVH�

In [23]: fig, axes = plt.subplots(10, 10, figsize=(6, 6), 
                        subplot_kw={'xticks':[], 'yticks':[]}, 
                        gridspec_kw=dict(hspace=0.1, wspace=0.1)) 

for i, ax in enumerate(axes.flat): 
   ax.imshow(digits.images[i], cmap='binary', interpolation='nearest') 
   ax.text(0.05, 0.05, str(digits.target[i]), 
           transform=ax.transAxes, color='green')



In [24]: X = digits.data
X.shape

In [25]: y = digits.target
y.shape

:H�VHH�KHUH�WKDW�WKHUH�DUH�������VDPSOHV�DQG����IHDWXUHV�

Out[24]: (1797, 64)

Out[25]: (1797,)



9LVXDOL]LQJ�WKH�SDUDPHWHU�VSDFH9LVXDOL]LQJ�WKH�SDUDPHWHU�VSDFH
In [26]: from sklearn.decomposition import PCA

from sklearn.manifold import Isomap 

# dimensionality reduction with PCA
pca = PCA(n_components=2)
pca.fit(digits.data)
pca_projected = pca.transform(digits.data) 

# dimensionality reduction with Isomap
iso = Isomap(n_components=2)
iso.fit(digits.data)
iso_projected = iso.transform(digits.data)



In [27]: plt.figure(figsize=(15, 5)) 

# plot PCA projection
plt.subplot(121)
plt.scatter(pca_projected[:, 0], pca_projected[:, 1], c=digits.target, 
           edgecolor='none', alpha=0.5, 
           cmap=plt.cm.get_cmap('nipy_spectral', 10))

plt.colorbar(label='digit label', ticks=range(10))
plt.clim(-0.5, 9.5); 

# plot Isomap projection
plt.subplot(122)
plt.scatter(iso_projected[:, 0], iso_projected[:, 1], c=digits.target, 
           edgecolor='none', alpha=0.5, 
           cmap=plt.cm.get_cmap('nipy_spectral', 10))

plt.colorbar(label='digit label', ticks=range(10))
plt.clim(-0.5, 9.5);



&ODVVLßFDWLRQ&ODVVLßFDWLRQ
/HW
V�DSSO\�D�FODVVLØFDWLRQ�DOJRULWKP�WR�WKH�GLJLWV��:H�ZLOO�VSOLW�WKH�GDWD�LQWR�D�WUDLQLQJ�DQG
WHVWLQJ�VHW��DQG�ØW�D�*DXVVLDQ�QDLYH�%D\HV�PRGHO�

In [28]: Xtrain, Xtest, ytrain, ytest = train_test_split(X, y, random_state=0)

In [29]: from sklearn.naive_bayes import GaussianNB
model = GaussianNB()
model.fit(Xtrain, ytrain)
y_model = model.predict(Xtest)

1RZ�WKDW�ZH�KDYH�SUHGLFWHG�RXU�PRGHO��ZH�FDQ�JDXJH�LWV�DFFXUDF\�E\�FRPSDULQJ�WKH�WUXH
YDOXHV�RI�WKH�WHVW�VHW�WR�WKH�SUHGLFWLRQV�



In [30]: from sklearn.metrics import accuracy_score
accuracy_score(ytest, y_model)

:LWK�HYHQ�WKLV�H[WUHPHO\�VLPSOH�PRGHO��ZH�ØQG�DERXW�����DFFXUDF\�IRU�FODVVLØFDWLRQ�RI�WKH
GLJLWV��+RZHYHU��WKLV�VLQJOH�QXPEHU�GRHVQ
W�WHOO�XV�ZKHUH�ZH
YH�JRQH�ZURQJÉRQH�QLFH�ZD\
WR�GR�WKLV�LV�WR�XVH�WKH�FRQIXVLRQ�PDWUL[��ZKLFK�ZH�FDQ�FRPSXWH�ZLWK�6FLNLW�/HDUQ�DQG�SORW
ZLWK�6HDERUQ�

Out[30]: 0.8333333333333334



In [31]: from sklearn.metrics import confusion_matrix
import seaborn as sns 

mat = confusion_matrix(ytest, y_model) 

sns.heatmap(mat, square=True, annot=True, cbar=False, cmap=plt.cm.get_cmap('Paire
d'))
plt.xlabel('predicted value')
plt.ylabel('true value');



In [32]: fig, axes = plt.subplots(10, 10, figsize=(6, 6), 
                        subplot_kw={'xticks':[], 'yticks':[]}, 
                        gridspec_kw=dict(hspace=0.1, wspace=0.1)) 

test_images = Xtest.reshape(-1, 8, 8) 

for i, ax in enumerate(axes.flat): 
   ax.imshow(test_images[i], cmap='binary', interpolation='nearest') 
   ax.text(0.05, 0.05, str(y_model[i]), 
           transform=ax.transAxes, 
           color='green' if (ytest[i] == y_model[i]) else 'red')



7H[W7H[W

'DWD�UHWULHYDO�DQG�H[WUDFWLRQ'DWD�UHWULHYDO�DQG�H[WUDFWLRQ

,Q�WKLV�H[DPSOH��ZH�ZLOO�XVH�WKH�:RUGQHW�OHPPDWL]HU�IURP�1/7.�WR�SUHSURFHVV�WH[W��7KH�
lemmatizeText �IXQFWLRQ�LV�D�VOLJKW�YDULDWLRQ�IURP�WKDW�GLVFXVVHG�DW�WKH�EHJLQQLQJ�RI

/HFWXUH���

In [33]: from nltk.stem.wordnet import WordNetLemmatizer
import nltk 

def lemmatizeText(text): 
   uni2wn = {'ADJ': nltk.corpus.wordnet.ADJ, 'NOUN': nltk.corpus.wordnet.NOUN,  
             'VERB': nltk.corpus.wordnet.VERB, 'ADV' : nltk.corpus.wordnet.ADV } 
   stop_words = set(nltk.corpus.stopwords.words("english")) 
   # instantiate word-net lemmatizer 
   wnl = WordNetLemmatizer() 
   # initialize result list of lemmatized words 
   lemmatized_words = list() 
   for s in nltk.tokenize.sent_tokenize(text): 
       words = nltk.tokenize.word_tokenize(s) 
       tagged_text = nltk.pos_tag(words, tagset='universal') 
       for w, p in tagged_text: 
           if p in uni2wn: 
               lem_w = wnl.lemmatize(w.lower(), uni2wn[p]) 
               if lem_w.isalnum() and lem_w not in stop_words: 
                   lemmatized_words.append(lem_w) 
   return lemmatized_words



:H�ZLOO�FRPSDUH�H[HUSWV�RI�FRUSRUD�IURP�WKH�*XWHQEHUJ�OLEUDU\�WKDW�KDYH�EHHQ�PDGH
DYDLODEOH�WKURXJK�1/7.
V�FRUSXV�GDWDEDVH��7KH�REMHFWLYH�RI�WKLV�WR\�DSSOLFDWLRQ�LV�WR�DQVZHU
WKH�VLPSOH�TXHVWLRQ���+RZ�VLPLODU�DUH�WKH�WH[WV�WR�HDFK�RWKHU"�

In [34]: from os.path import basename 

# paths and names of the Gutenberg corpora
gutenberg_corpora_paths = nltk.corpus.gutenberg.abspaths()
corpora_names = list(map(lambda x: basename(x).split('.')[0], gutenberg_corpora_pa
ths)) 

raw_texts = list()
# read the first 10000 characters of each Gutenberg corpus
for p in gutenberg_corpora_paths: 
   with open(p, encoding='latin2') as f: 
       raw_texts.append(f.read(10000))



:H�ZLOO�XVH�WKH� CountVectorizer �WR�H[WUDFW�D�IHDWXUH�PDWUL[�IURP�WKH�WH[W��EXW�VSHFLI\

WKH�OHPPDWL]H7H[W�IXQFWLRQ�DV� analyzer ��7KH� analyzer �WDNHV�FDUH�RI�WRNHQL]DWLRQ�DQG

WKH�H[WUDFWLRQ�RI�WHUPV��IHDWXUHV��RI�HDFK�WH[W�

In [35]: from sklearn.feature_extraction.text import CountVectorizer 

# create "model"
vec = CountVectorizer(analyzer=lemmatizeText) 

# apply fit/transform to raw_texts
trans_text = vec.fit_transform(raw_texts) 

# transform outcome into a DataFrame for better display
pd.DataFrame(trans_text.toarray(), columns=vec.get_feature_names()).head()

7KH�RXWFRPH�LV�D�IHDWXUH�PDWUL[�ZLWK������IHDWXUHV��FRUUHVSRQGLQJ�WR������GLPHQVLRQV�RI
WKH�WH[W
V�SDUDPHWHU�VSDFH�

Out[35]: DELOLW\ DEOH DEROLVKHV DEURDG DEVHQFH DEVXUG DEXQGDQFH DEXQGDQWO\ DE\VV DFFHSW ��� \QFK \RDNH \RQ \RQG \RQGHU \R

� � � � � � � � � � � ��� � � � � � �

� � � � � � � � � � � ��� � � � � � �

� � � � � � � � � � � ��� � � � � � �

� � � � � � � � � � � ��� � � � � � �

� � � � � � � � � � � ��� � � � � � �

��URZV��������FROXPQV



'DWD�9LVXDOL]DWLRQ'DWD�9LVXDOL]DWLRQ

:H�ZLOO�QRZ�UHGXFH�WKHVH�WR�WZR�GLPHQVLRQV��7KLV�DOORZV�XV�WR�YLVXDOL]H�WKH�GDWD�DQG�REWDLQ
DQ�XQGHUVWDQGLQJ�RQ�VLPLODULW\�RI�WKH�WH[WV�WR�HDFK�RWKHU��FORVH�YLFLQLW\�RI�SRLQWV�LQGLFDWHV
VLPLODULW\�

In [36]: # dimensionality reduction with PCA
pca = PCA(n_components=2)
pca_projected = pca.fit_transform(trans_text.toarray()) 

plt.figure(figsize=(6, 4))
pc = plt.scatter(pca_projected[:, 0], pca_projected[:, 1],  
           c=list(range(pca_projected.shape[0])),  
           edgecolor='none', alpha=0.5, 
           cmap=plt.cm.get_cmap('nipy_spectral', 10))



7H[W�QRUPDOL]DWLRQ�ZLWK�7)�,')7H[W�QRUPDOL]DWLRQ�ZLWK�7)�,')

:H�ZLOO�XVH�WKH�WHUP�IUHTXHQF\�LQYHUVH�GRFXPHQW�IUHTXHQF\��WI�LGI��QRUPDOL]DWLRQ�WR�UHPRYH
WKH�IUHTXHQW�ZRUGV�ELDV�

In [37]: from sklearn.feature_extraction.text import TfidfVectorizer
# create "model"
vec = TfidfVectorizer(analyzer=lemmatizeText)
# apply fit/transform to raw_texts
trans_text = vec.fit_transform(raw_texts) 

# transform outcome into a DataFrame for better display
pd.DataFrame(trans_text.toarray(), columns=vec.get_feature_names()).head()

Out[37]: DELOLW\ DEOH DEROLVKHV DEURDG DEVHQFH DEVXUG DEXQGDQFH DEXQGDQWO\ DE\VV DFFHSW ��� \QFK \RDNH \RQ \RQG \R

� ����� �������� ��� ��� ������� ��� ��� ������� ��� �������� ��� ��� ��� ��� ��� ���

� ����� �������� ��� ��� ������� ��� ��� ������� ��� �������� ��� ��� ��� ��� ��� ���

� ����� �������� ��� ��� ������� ��� ��� ������� ��� �������� ��� ��� ��� ��� ��� ���

� ����� �������� ��� ��� ������� ��� ��� ������� ��� �������� ��� ��� ��� ��� ��� ���

� ����� �������� ��� ��� ������� ��� ��� ������� ��� �������� ��� ��� ��� ��� ��� ���

��URZV��������FROXPQV



In [38]: pca = PCA(n_components=2)
pca_projected = pca.fit_transform(trans_text.toarray())
plt.figure(figsize=(10, 7))
plt.scatter(pca_projected[:, 0], pca_projected[:, 1],  
           c=list(range(pca_projected.shape[0])),  
           edgecolor='none', alpha=0.5, 
           cmap=plt.cm.get_cmap('nipy_spectral', 10)) 

for i, label in enumerate(corpora_names): 
   plt.text(pca_projected[i, 0], pca_projected[i, 1], label, fontsize=8, 
            horizontalalignment='center', verticalalignment='bottom')



�2&7

�/,$/�**&+$ Œ�--)&"! �� %&+" �"�/+&+$œŀ �--)& �1&,+0 KR

�+ 4%& % ,/!"/ !,"0 #2+ 1&,+ i`�BMni2binbTHBi /"12/+ 1"01Ř1/�&+ !�1�ń
si`�BM- ui`�BM- si2bi- ui`�BM
si2bi- ui2bi- si`�BM- ui`�BM
si`�BM- si2bi- ui`�BM- ui2bi

�

si2bi- si`�BM- ui2bi- ui`�BM
�%�1 !�1� &0 01,/"! &+

/B;BibXBK�;2b

�&1*�- !�1� ,# �)) &*�$"0

/B;BibX/�i�

#"�12/" *�1/&5

/B;BibXi�`;2i

)��")0 Œ$/,2+! 1/21% !&$&10œ



�2&7

�/,$/�**&+$ Œ�--)&"! �� %&+" �"�/+&+$œŀ �--)& �1&,+0 KR

�+ 4%& % ,/!"/ !,"0 #2+ 1&,+ i`�BMni2binbTHBi /"12/+ 1"01Ř1/�&+ !�1�ń
si`�BM- ui`�BM- si2bi- ui`�BM
si2bi- ui2bi- si`�BM- ui`�BM
si`�BM- si2bi- ui`�BM- ui2bi �
si2bi- si`�BM- ui2bi- ui`�BM

�%�1 !�1� &0 01,/"! &+
/B;BibXBK�;2b �&1*�- !�1� ,# �)) &*�$"0
/B;BibX/�i� #"�12/" *�1/&5
/B;BibXi�`;2i )��")0 Œ$/,2+! 1/21% !&$&10œ



�/,$/�**&+$ Œ�--)&"! �� %&+" �"�/+&+$œŀ �" �- KS

�" �-



�2**�/6

�/,$/�**&+$ Œ�--)&"! �� %&+" �"�/+&+$œŀ �" �- LJ

�� %&+" �"�/+&+$
�&*"+0&,+�)&16 /"!2 1&,+
�)201"/&+$
�)�00&< �1&,+
�"$/"00&,+

� &(&1Ň�"�/+
�01&*�1,/ ���
�"�12/" /"-/"0"+1�1&,+
�/,003�)&!�1&,+

�--)& �1&,+0

�+!4/&11"+ !&$&10 !�1�0"1
�"51  ,*-�/&0,+



�%�1  ,*"0 +"51ń

�/,$/�**&+$ Œ�--)&"! �� %&+" �"�/+&+$œŀ �" �- LK


�3" � ),,( �1 1%" �2-61"/ �,1"�,,( ,# 1%&0 )" 12/"
�2/1%"/ /"�!&+$ ��,21 ��+!�0ŀ �%�-1"/ O ,# 1%" ŝ�61%,+ ��1�
� &"+ " 
�+!�,,(şŀ
?iiTb,ffD�F2p/TX;Bi?m#XBQfSvi?QM.�i�a+B2M+2>�M/#QQFf

�3" � ),,( �1 1%" &+Ň!"-1% �+�)60"0 1%�1 �/" -/,3&!"! &+ 1%"
%�+!�,,(

�"51 )" 12/"ŀ �&01/&�21"!  ,*-21&+$ �+! !�1� ��0"0


