
CS 6120/CS 4120: Natural Language Processing

Instructor: Prof. Lu Wang
College of Computer and Information Science

Northeastern University
Webpage: www.ccs.neu.edu/home/luwang

http://www.ccs.neu.edu/home/luwang


Logistics

• Reminder for late day usage:
• “Each student has a budget of 5 days throughout the semester before a late 

penalty is applied.”
• No need to inform TAs about late submission.
• For assignments, we will start grading one week after the deadline. Let us 

know on piazza if you plan to submit later than that.
• Grace period of one hour is given.

• NO CLASS next Tuesday (instructor out of town for academic 
meetings). Quiz will be on next Friday.
• See schedule at 

http://www.ccs.neu.edu/home/luwang/courses/cs6120_sp2019/cs6120_sp2
019.html

http://www.ccs.neu.edu/home/luwang/courses/cs6120_sp2019/cs6120_sp2019.html


Brown Clusters



Brown Clusters -- Unsupervised



Example Clusters



Brown Clustering Algorithm











Intuition



Formulation
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Formulation

Emission Probability! Transition Probability!

!

!
Corpus





Difference from HMM: each word can be labeled as only one class!



C(I)=1, C(ate)=C(drank)=2
C(guava)=C(pepsi)=3, C(and)=4

e(I|1)=1, e(ate|2)= e(drank|2)= 0.3
e(guava|3)=e(pepsi|3)=0.1, e(and|4)=1
q(1|0)=0.2, q(2|1)=0.4, q(3|2)=0.3, q(4|3)=0.1, q(2|4)=0.2
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The Model



Scoring a Partition: Quality (C)
N is the number 
of words in the 
corpus

1
"

"

c and c’ are in 
{1, 2, …, k}
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Proof (not required)



A First (Naïve) Algorithm
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A First (Naïve) Algorithm



A First (Naïve) Algorithm

Calculate everything on-the-fly!

Store word transitions!



A First (Naïve) Algorithm

Calculate everything on-the-fly!

Store word transitions!

Too slow!



A Second Algorithm 



A Second Algorithm 






