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Topic Models

q A probabilistic model for discovering hidden “topics” or 
“themes” (groups of terms that tend to occur together) 
in documents. 

q Unsupervised (find interesting structure in the data)
q Clustering algorithm, clustering tokens into topics
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Topic Models

q Input: set of documents, 
number of clusters to learn

q Output: 
o Topics
o Topic ratio in each document
o Topic distribution for each 

word in doc
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topic models cluster tokens into “topics”

…  The  messenger,  however,  does  not  reach  Romeo and,  
instead,  Romeo  learns  of  Juliet's  apparent  death from  his  
servant  Balthasar.  Heartbroken,  Romeo  buys poison  from  an  
apothecary  and  goes  to  the  Capulet crypt.  He  encounters  
Paris  who  has  come  to  mourn Juliet  privately.  Believing  
Romeo  to  be  a  vandal,  Paris confronts  him  and,  in  the  
ensuing  battle,  Romeo  kills Paris.  Still  believing  Juliet  to  be  
dead,  he  drinks  the poison.  Juliet  then  awakens  and,  finding  
Romeo  dead, stabs  herself  with  his  dagger.  The  feuding  
families  and the  Prince  meet  at  the  tomb  to  find  all  three  
dead.  Friar Laurence  recounts  the  story  of  the  two  "star-
cross'd lovers".  The  families  are  reconciled  by  their  children's 
deaths  and  agree  to  end  their  violent  feud.  The  play  ends 
with  the  Prince's  elegy  for  the  lovers:  "For  never  was  a 
story  of  more  woe  /  Than  this  of  Juliet  and  her  Romeo."
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topic models cluster tokens into “topics”

…  The  messenger,  however,  does  not  reach  Romeo 
and,  instead,  Romeo  learns  of  Juliet's  apparent  death
from  his  servant  Balthasar.  Heartbroken,  Romeo  buys 
poison  from  an  apothecary  and  goes  to  the  Capulet 
crypt.  He  encounters  Paris  who  has  come  to  mourn
Juliet  privately.  Believing  Romeo  to  be  a  vandal,  Paris 
confronts him  and,  in  the  ensuing  battle,  Romeo  kills
Paris.  Still  believing  Juliet  to  be  dead,  he  drinks  the 
poison.  Juliet  then  awakens  and,  finding  Romeo  dead, 
stabs herself  with  his  dagger.  The  feuding families  and 
the  Prince  meet  at  the  tomb to  find  all  three  dead.  
Friar Laurence  recounts  the  story  of  the  two  "star-cross'd
lovers".  The  families  are  reconciled  by  their  children's 
deaths and  agree  to  end  their  violent feud.  The  play  
ends with  the  Prince's  elegy for  the  lovers:  "For  never  
was  a story  of  more  woe  /  Than  this  of  Juliet  and  her  
Romeo."

“Death”
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topic models cluster tokens into “topics”

…  The  messenger,  however,  does  not  reach  Romeo 
and,  instead,  Romeo  learns  of  Juliet's  apparent  death 
from  his  servant  Balthasar.  Heartbroken,  Romeo  buys 
poison  from  an  apothecary  and  goes  to  the  Capulet 
crypt.  He  encounters  Paris  who  has  come  to  mourn 
Juliet  privately.  Believing  Romeo  to  be  a  vandal,  Paris 
confronts  him  and,  in  the  ensuing  battle,  Romeo  kills 
Paris.  Still  believing  Juliet  to  be  dead,  he  drinks  the 
poison.  Juliet  then  awakens  and,  finding  Romeo  dead, 
stabs  herself  with  his  dagger.  The  feuding  families  and 
the  Prince  meet  at  the  tomb  to  find  all  three  dead.  
Friar Laurence  recounts  the  story  of  the  two  "star-cross'd
lovers".  The  families  are  reconciled by  their  children's 
deaths  and  agree  to  end  their  violent  feud.  The  play  
ends with  the  Prince's  elegy  for  the  lovers:  "For  never  
was  a story  of  more  woe  /  Than  this  of  Juliet  and  her  
Romeo."

“Love”
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topic models cluster tokens into “topics”

…  The  messenger,  however,  does  not  reach  Romeo 
and,  instead,  Romeo  learns  of  Juliet's  apparent  death 
from  his  servant  Balthasar.  Heartbroken,  Romeo  buys 
poison  from  an  apothecary  and  goes  to  the  Capulet 
crypt.  He  encounters  Paris  who  has  come  to  mourn 
Juliet  privately.  Believing  Romeo  to  be  a  vandal,  Paris 
confronts  him  and,  in  the  ensuing  battle,  Romeo  kills 
Paris.  Still  believing  Juliet  to  be  dead,  he  drinks  the 
poison.  Juliet  then  awakens  and,  finding  Romeo  dead, 
stabs  herself  with  his  dagger.  The  feuding  families and 
the  Prince  meet  at  the  tomb  to  find  all  three  dead.  
Friar Laurence  recounts  the  story  of  the  two  "star-cross'd
lovers".  The  families are  reconciled  by  their  children's
deaths  and  agree  to  end  their  violent  feud.  The  play  
ends with  the  Prince's  elegy  for  the  lovers:  "For  never  
was  a story  of  more  woe  /  Than  this  of  Juliet  and  her  
Romeo."

“Family”
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tokens, not types

…  The  messenger,  however,  does  not  reach  Romeo 
and,  instead,  Romeo  learns  of  Juliet's  apparent  death 
from  his  servant  Balthasar.  Heartbroken,  Romeo  buys 
poison  from  an  apothecary  and  goes  to  the  Capulet 
crypt.  He  encounters  Paris  who  has  come  to  mourn 
Juliet  privately.  Believing  Romeo  to  be  a  vandal,  Paris
confronts  him  and,  in  the  ensuing  battle,  Romeo  kills 
Paris.  Still  believing  Juliet  to  be  dead,  he  drinks  the 
poison.  Juliet  then  awakens  and,  finding  Romeo  dead, 
stabs  herself  with  his  dagger.  The  feuding  families  and 
the  Prince  meet  at  the  tomb  to  find  all  three  dead.  
Friar Laurence  recounts  the  story  of  the  two  "star-cross'd
lovers".  The  families  are  reconciled  by  their  children's 
deaths  and  agree  to  end  their  violent  feud.  The  play  
ends with  the  Prince's  elegy  for  the  lovers:  "For  never  
was  a story  of  more  woe  /  Than  this  of  Juliet  and  her  
Romeo."

“People”

A different Paris token 
might belong to a “Place” 
or “French” topic.



Latent variables

q A latent variable is one that’s unobserved, either 
because: 
owe are predicting it (but have observed that variable for 

other data points) 
o it is unobservable
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Probabilistic graphical models

q Nodes represent variables 
(shaded = observed,  clear = 
latent) 

q Arrows indicate conditional 
relationships 

q The probability of x here is 
dependent on y



document distribution over topics

Topic distribution 
over words

topic indicators for words

words

documents

Blei, David M., Andrew Y. Ng, and Michael I. Jordan. "Latent dirichlet allocation." the Journal of machine Learning research 3 (2003): 993-1022.



12

A document has distribution over topics
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A topic is a distribution over words

e.g., P ( “adore” | topic = love)  =  0.18
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A topic is a distribution over words

K = 20
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? ? ? ?

P ( topic | topic distribution)
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war aliens war love

P ( topic | topic distribution)

Topic 
assignment 

for each 
token
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war aliens war love

? ? ? ?

…  The  messenger,  however,  does  not  reach  
Romeo and,  instead,  Romeo  learns  of  Juliet's  
apparent  death from  his  servant  Balthasar.  
Heartbroken,  Romeo  buys poison  from  an  
apothecary  and  goes  to  the  Capulet crypt.  He  
encounters  Paris  who  has  come  to  mourn Juliet  
privately.  Believing  Romeo  to  be  a  vandal,  Paris 
confronts him  and,  in  the  ensuing  battle,  Romeo  
kills Paris.  Still  believing  Juliet  to  be  dead,  he  
drinks  the poison.  Juliet  then  awakens  and,  
finding  Romeo  dead, stabs herself  with  his  
dagger.  The  feuding families  and the  Prince  meet  
at  the  tomb to  find  all  three  dead.  Friar Laurence  
recounts  the  story  of  the  two  "star-cross'd lovers".  
The  families  are  reconciled  by  their  children's 
deaths and  agree  to  end  their  violent feud.  The  
play  ends with  the  Prince's  elegy for  the  lovers:  
"For  never  was  a story  of  more  woe  /  Than  this  
of  Juliet  and  her  Romeo."
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K = 20
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war aliens war love

“fight” “alien” “kills” “marries”This is token, 
not type Every word 

has one topic.



M x K

M x N

K x V



Inference

q Markov chain Monte Carlo 
oGibbs sampling, Metropolis Hastings, etc.

q Variational methods 

q Spectral methods 
o Anandkumar et al. 2012, Arora et al. 2013
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Assumptions

q Every word has one topic 
q Every document has one topic distribution
q No sequential information 
q Topics/Words don’t have arbitrary correlations 

(Dirichlet prior)
q The only information you learn from are the 

identities of words and how they are divided into 
documents.
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Hierarchical Topic Models 
(Blei et al., 2003)
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Topics over Time 
(Wang and McCallum 2006)
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Geographic Lexical Variation 
(Eisenstein et al., 2010)
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Labeled LDA
(Daniel Ramage et al., 2009)

Labels: Style, Grammar, Reference, Education



Symmetric Correspondence Topic Models 
(Fukumasu et al., 2012)

Phrase and document metadata
(Speier et al., 2016)

Mixed Membership Stochastic Blockmodels
(Airoldi et al., 2008)

Joint Topic Models for Text and Citations
(Nallapati et al., 2008)



Questions

q Limitation of topic modeling?
q Not effective for supervised tasks?
q Evaluation is unreliable
q Complexity of inference 
q Cost of designing the variable relationships
q Topic modeling vs Neural Network? Combination?

o Topic Modeling in Embedding Spaces (Dieng et al., 2019)
o TopicRNN: A Recurrent Neural Network with Long-Range Semantic Dependency

(Dieng et al., 2016)
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https://arxiv.org/abs/1907.04907
https://arxiv.org/abs/1611.01702

