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Regression	
  



What	
  if	
  we	
  need	
  prediction?	
  



Dependent	
  and	
  Independent	
  Variables	
  
in	
  Linear	
  Regression	
  



Types	
  of	
  Regression	
  Models	
  
Negative Linear Relationship 

Negative Linear Relationship 

Relationship NOT Linear 

No Relationship 



Regression	
  Analysis	
  and	
  Log-­‐Linear	
  
Models	
  in	
  Prediction	
  	
  



Random Error for this x 
value 

y 

x 

Observed Value of y 
for xi 

Predicted Value of 
y for xi  

exbby 10 ++=

xi 

Slope = β1 

Intercept = β0   

ei 

Sample	
  Regression	
  Function	
  



Assumptions	
  of	
  Multiple	
  Regression	
  
Model	
  



Standard	
  Error	
  of	
  Estimate	
  



Calculating	
  ANOVA	
  in	
  Regression	
  
Analysis	
  



F-­‐test	
  



F-­‐test	
  (one	
  independent	
  variable)	
  



F-­‐statistic	
  in	
  Multiple	
  Regression	
  
Analysis	
  



F-­‐statistic	
  in	
  Multiple	
  Regression	
  
Analysis	
  



Multicollinearity	
  in	
  Regression	
  
Analysis	
  



Model	
  Misspecification	
  in	
  
Regression	
  Analysis	
  



Calculating	
  the	
  Predicted	
  Trend	
  Value	
  
for	
  a	
  Time	
  Series	
  



Calculating	
  the	
  Predicted	
  Trend	
  Value	
  
for	
  a	
  Time	
  Series	
  



Feature	
  Engineering	
  



Data	
  pre-­‐processing	
  

Ref.	
  Statistical	
  Machine	
  Learning	
  for	
  Text	
  Classification	
  by	
  Olivier	
  Grisel	
  



Sentence Tokenization

>>> from nltk.tokenize import sent_tokenize

>>> sent_tokenize("Hello SF Python. This is NLTK.")

['Hello SF Python.', 'This is NLTK.']

!
>>> sent_tokenize("Hello, Mr. Anderson. We missed you!")

['Hello, Mr. Anderson.', 'We missed you!']



Constructing	
  features	
  (text)	
  

Ref.	
  Statistical	
  Machine	
  Learning	
  for	
  Text	
  Classification	
  by	
  Olivier	
  Grisel	
  



Constructing	
  features	
  (text)	
  

Ref.	
  Statistical	
  Machine	
  Learning	
  for	
  Text	
  Classification	
  by	
  Olivier	
  Grisel	
  



Word Tokenization

>>> from nltk.tokenize import word_tokenize

>>> word_tokenize('This is NLTK.')

['This', 'is', 'NLTK', '.']



Constructing	
  features	
  (text)	
  

Ref.	
  Statistical	
  Machine	
  Learning	
  for	
  Text	
  Classification	
  by	
  Olivier	
  Grisel	
  



Feature	
  extraction	
  in	
  Python	
  

Ref.	
  Statistical	
  Machine	
  Learning	
  for	
  Text	
  Classification	
  by	
  Olivier	
  Grisel	
  



	
  Noun	
  phrase:	
  

•  Jack	
  and	
  Jill	
  went	
  up	
  the	
  hill	
  

	
  Prepositional	
  phrase:	
  
• Contains	
  a	
  noun,	
  preposition	
  and	
  in	
  most	
  cases	
  an	
  adjective	
  
• The	
  book	
  is	
  on	
  the	
  table	
  but	
  perhaps	
  it	
  is	
  best	
  kept	
  in	
  a	
  bookshelf	
  

	
  Gerund	
  Phrase:	
  
• Phrases	
  that	
  contain	
  “–ing”	
  verbs	
  
•  Jack	
  fell	
  down	
  and	
  broke	
  his	
  crown	
  and	
  Jill	
  came	
  tumbling	
  after	
  

Complete	
  sentences	
  are	
  composed	
  of	
  two	
  or	
  
more	
  “phrases”.	
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Why Part-of-Speech Tag?

word definition lookup (WordNet, WordNik)

fine-grained text analytics

part-of-speech specific keyword analysis

chunking & named entity recognition (NER)
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Part-of-Speech Tagging

>>> words = word_tokenize("And now for something completely 
different")

>>> from nltk.tag import pos_tag

>>> pos_tag(words)

[('And', 'CC'), ('now', 'RB'), ('for', 'IN'), ('something', 'NN'), ('completely', 
'RB'), ('different', 'JJ')]

Tags List: http://www.ling.upenn.edu/courses/Fall_2003/
ling001/penn_treebank_pos.html



Jack	
  and	
  Jill	
  went	
  up	
  the	
  hill	
  

Noun	
  phrase	
   Noun	
  Phrase	
  

Take	
  the	
  following	
  sentence	
  …..	
  



[	
  Jack	
  and	
  Jill	
  ]	
  went	
  up	
  [	
  the	
  hill	
  ]	
  

Chunkers	
  will	
  get	
  us	
  this	
  far:	
  

Chunk	
  tokens	
  are	
  non-­‐recursive	
  –	
  meaning,	
  there	
  
is	
  no	
  overlap	
  when	
  chunking	
  

The	
  recursive	
  form	
  for	
  the	
  same	
  sentence	
  is:	
  

(	
  Jack	
  and	
  Jill	
  went	
  up	
  (the	
  hill	
  )	
  )	
  



Jack	
  and	
  Jill	
  went	
  up	
  the	
  hill	
  to	
  fetch	
  a	
  pail	
  of	
  water	
  

Verb	
  Phrase	
   Verb	
  Phrase	
  

Verb	
  phrase	
  chunking	
  



from	
  nltk.chunk	
  import	
  * 
from	
  nltk.chunk.u=l	
  import	
  * 
from	
  nltk.chunk.regexp	
  import	
  * 
from	
  nltk	
  import	
  word_tokenize,pos_tag 
	
  
text	
  =	
  ''' 
Jack	
  and	
  Jill	
  went	
  up	
  the	
  hill	
  to	
  fetch	
  a	
  pail	
  of	
  water 
''' 
tokens	
  =	
  pos_tag(word_tokenize(text)) 
	
  
chunk	
  =	
  ChunkRule("<.*>+",	
  "Chunk all the text") 
chink	
  =	
  ChinkRule("<VBD|IN|\.>",	
  “Verbs/Props") 
split	
  =	
  SplitRule("<DT><NN>",	
  "<DT><NN>","determiner+noun")	
  
 
chunker	
  =	
  RegexpChunkParser([chunk,	
  chink,	
  split],chunk_node='NP') 
chunked	
  =	
  chunker.parse(tokens) 
chunked.draw() 
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Classification Algos in NLTK

Naive Bayes 

Maximum Entropy / Logistic Regression 

Decision Tree 

SVM (coming soon)



Classification	
  using	
  NLTK	
  

Ref.	
  Statistical	
  Machine	
  Learning	
  for	
  Text	
  Classification	
  by	
  Olivier	
  Grisel	
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Other NLTK Features

clustering 

metrics 

parsing 

stemming 

WordNet 

... and a lot more



Notable Included Corpora

movie_reviews: pos & neg categorized IMDb reviews 

treebank: tagged and parsed WSJ text 

treebank_chunk: tagged and chunked WSJ text 

brown: tagged & categorized english text 

60 other corpora in many languages
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Other Python NLP Libraries

pattern: http://www.clips.ua.ac.be/pages/pattern 

scikits.learn: http://scikit-learn.sourceforge.net/stable/ 

fuzzywuzzy: https://github.com/seatgeek/fuzzywuzzy



Doing	
  slightly	
  advanced	
  data	
  mining	
  



Feature	
  extraction	
  using	
  scikits.learn	
  

Ref.	
  Statistical	
  Machine	
  Learning	
  for	
  Text	
  Classification	
  by	
  Olivier	
  Grisel	
  



TF-­‐IDF	
  features	
  and	
  SVM	
  

Ref.	
  Statistical	
  Machine	
  Learning	
  for	
  Text	
  Classification	
  by	
  Olivier	
  Grisel	
  



import	
  numpy	
  as	
  np	
  
from	
  sklearn.svm	
  import	
  SVR	
  
from	
  sklearn.pipeline	
  import	
  Pipeline	
  
from	
  sklearn.preprocessing	
  import	
  StandardScaler	
  
	
  
x,y	
  =	
  np.load('data.npz')	
  
x_test	
  =	
  np.linspace(0,	
  200)	
  
	
  
model	
  =	
  Pipeline([	
  
	
  	
  	
  	
  ('standardize',	
  StandardScaler()),	
  
	
  	
  	
  	
  ('svr',	
  SVR(kernel='rbf',	
  verbose=0,	
  C=5e6,	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  epsilon=20))	
  ])	
  
model.fit(x[::,	
  np.newaxis],	
  y)	
  
y_test	
  =	
  model.predict(x_test[::,	
  np.newaxis])	
  

regularization	
  
term	
  



Clustering	
  using	
  scikits.learn	
  



Text Feature extraction in sklearn 

• sklearn.feature_extraction.text 
• CountVectorizer 

– Transform articles into token-count matrix 

• TfidfVectorizer 
– Transform articles into token-TFIDF matrix 

• Usage: 
– fit(): construct token dictionary given dataset 
– transform(): generate numerical matrix 

Text Classification in Python 11 



Text Feature extraction 

• Analyzer 
– Preprocessor: str -> str 

• Default: lowercase 
• Extra: strip_accents – handle unicode chars 

– Tokenizer: str -> [str] 
• Default: re.findall(ur"(?u)\b\w\w+\b“,  string) 

– Analyzer: str -> [str] 
1. Call preprocessor and tokenizer 
2. Filter stopwords 
3. Generate n-gram tokens 

Text Classification in Python 12 



Feature Selection 

• Decrease the number of features: 
– Reduce the resource usage for faster learning 
– Remove the most common tokens and the most 

rare tokens (words with less information): 
• Parameter for Vectorizer: 

– max_df 
– min_df 
– max_features 

 

Text Classification in Python 14 



Cross Validation 

• When tuning the parameters of model, let 
each article as training and testing data 
alternately to ensure the parameters are not 
dedicated to some specific articles. 
– from sklearn.cross_validation import KFold 
– for train_index, test_index in KFold(10, 2): 

• train_index = [5 6 7 8 9] 
• test_index = [0 1 2 3 4] 

 

Text Classification in Python 16 



Performance Evaluation 

• 𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =    ௧௣
௧௣ା௙௣ 

• 𝑟𝑒𝑐𝑎𝑙𝑙 = ௧௣
௧௣ା௙௡ 

• 𝑓1𝑠𝑐𝑜𝑟𝑒 = 2 ௣௥௘௖௜௦௜௢௡×௥௘௖௔௟௟
௣௥௘௖௜௦௜௢௡ା௥௘௖௔௟௟ 

• sklearn.metrics 
– precision_score 
– recall_score 
– f1_score 

Text Classification in Python 17 
Source: http://en.wikipedia.org/wiki/Precision_and_recall 



Using	
  scikits.learn	
  Summary	
  





A	
  few	
  notes	
  

-­‐ The	
  quality	
  of	
  your	
  input	
  data	
  will	
  affect	
  the	
  accuracy	
  of	
  
your	
  classifier.	
  
	
  
-­‐ 	
  The	
  threshold	
  value	
  that	
  determines	
  the	
  sample	
  size	
  of	
  
the	
  feature	
  set	
  will	
  need	
  to	
  be	
  refined	
  until	
  it	
  reaches	
  its	
  
maximum	
  accuracy.	
  This	
  will	
  need	
  to	
  be	
  adjusted	
  if	
  
training	
  data	
  is	
  added,	
  changed	
  or	
  removed.	
  



Sentiment	
  Classification	
  w/	
  Python	
  

from	
  senti_classifier	
  import	
  senti_classifier	
  
sentences	
  =	
  ['The	
  movie	
  was	
  the	
  worst	
  movie',	
  'It	
  was	
  the	
  worst	
  acting	
  by	
  the	
  actors']	
  
pos_score,	
  neg_score	
  =	
  senti_classifier.polarity_scores(sentences)	
  
print	
  pos_score,	
  neg_score	
  



Some	
  pointers	
  

Ref.	
  Statistical	
  Machine	
  Learning	
  for	
  Text	
  Classification	
  by	
  Olivier	
  Grisel	
  



Next	
  class	
  


