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Reminders

* Homework 3: Structured SVM
— Out: Fri, Oct. 24
— Due: Wed, Nov. 6 at 11:59pm

* Homework 4: Topic Modeling

— Out: Wed, Nov. 6
— Due: Mon, Nov. 18 at 11:59pm




LATENT DIRICHLET ALLOCATION
(LDA)



Mixture vs. Admixture (LDA)

topics —

documents —p» Q Q Q Q Q Q } “mixture”

“admixture” {

Diagrams from Wallach, JHU 2011, slides




Latent Dirichlet Allocation

e Generative Process

<€— topics
“admixture”
<€4— documents

* Example corpus
the he |is [N the land |the [N she she is lis _
X1 Xi2 X13 X3 X3 X23 X31 X32 X33 X34

Document 1 Document 2 Document 3



Latent Dirichlet Allocation

Generative Process

For each topic k € {1,..., K}:

¢, ~ Dir(3) [draw distribution over words]
For each document m € {1,..., M}
0,, ~ Dir() [draw distribution over topics’
For each wordn € {1,..., N,,}
Zmn ~ Mult(1, 8,,) [draw topic assignment
T ~ @, [draw word

Example corpus
the he |is [N the land |the [N she she is lis _
X1 Xi2 X13 X3 X3 X23 X31 X32 X33 X34

Document 1 Document 2 Document 3




(Blei, Ng, & Jordan, 2003)

LDA for Topic Modeling

Dirichlet(8)

i

* The generative story begins with only a Dirichlet
prior over the topics.

* Each topicis defined as a Multinomial distribution
over the vocabulary, parameterized by ¢,
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(Blei, Ng, & Jordan, 2003)

LDA for Topic Modeling

Dirichlet(8)

—
Ps

i

* The generative story begins with only a Dirichlet
prior over the topics.

* Each topicis defined as a Multinomial distribution
over the vocabulary, parameterized by ¢,
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(Blei, Ng, & Jordan, 2003)

LDA for Topic Modeling

Dirichlet(! )

/V \ -

P it

* Atopicis visualized as its high probability
words.



(Blei, Ng, & Jordan, 2003)

LDA for Topic Modeling

7525$"1838

/ \ —

I Atopicis visualized as its high probability
words.
I A pedagogical label is used to identify the topic.



(Blei, Ng, & Jordan, 2003)

LDA for Topic Modeling

Dirichlet(8)

iﬁ {Japan}

* Atopicis visualized as its high probability
words.

* A pedagogical label is used to identify the topic.
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Dirichlet(6)

iﬁ {Japan}

Dirichlet(a)

I
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Dirichlet(6)

—
{Japan}

Dirichlet(a)

I

- or Ii_.l. ,

The 54/40'boundary dispute is

still unresolved, and/Canadian
oo U8 i
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(Blei, Ng, & Jordan, 2003)

LDA for Topic Modeling

Dirichlet(6)

iﬁ {Japan}

Dmchlet(a) /

. |i ala_

The 54/40'boundary dispute is

still unresolved, and
and US

/
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Dirichlet(" )

iﬁ {Japan}

Dirichlet(! )
—> | 3: I
||

The 54/40'boundary dispute is | | In the year before The|GFioles| pitching staff
still unresolved, and/Canadian came again is having a fine

and |US Coast Guard vessels inishe W|th 38 ' exhibition[S€a86R! Four
regularly if infrequently|detain | | Following his arrival, the shutouts, low team ERA,
each other's fish boats in the -finished... (Well, I haven't gotten any
disputed waters off-... baseball...
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(Blei, Ng, & Jordan, 2003)

LDA for Topic Modeling
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(Blei, Ng, & Jordan, 2003)

LDA for Topic Modeling
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¥ LDA trades off two goals.

@ For each document, allocate its words to as few topics as possible.
@ For each topic, assign high probability to as few terms as possible.

¥ These goals are at odds.

¥ Putting a document in a single topic makes #2 hard:
All of its words must have probability under that topic.

¥ Putting very few words in each topic makes #1 hard:
To cover a documentOs words, it must assign many topics to it.

¥ Trading off these goals Pnds groups of tightly co-occurring words.
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Estimate the posterior:

p(![X)=E
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Bayesian Inference

"#$%&'()*
| Posteriors over parameters
| Bayesian inference for parameter estimation



L DA Inference

* Bayesian Approach

Dirichlet

Document-specific

topic distribution Dirichlet

Intractable

Observed word




Exact Inference in LDA

* Exactly computing the posterior is intractable in
LDA

— Junction tree algorithm: exact inference in general
graphical models
1. “moralization” converts directed to undirected
2. ‘“triangulation” breaks 4-cycles by adding edges
3. (liques arranged into a junction tree

— Time complexity is exponential in size of cliques
— LDA cliques will be large (at least O(# topics)), so
complexity is O(2% topics)

* Exact MAP inference in LDA is NP-hard for a
large number of topics (Sontag & Roy, 2011)



L DA Inference

* Explicit Gibbs Sampler

Dirichlet @
Document-specific
topic distribution Topic Dirichlet
|

Topic assignment

Observed word

B
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wheret, m are given by

N = # times topik appears with type
N = # times topik appears in document
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" Dir(#) [draw distribution over words
For each worah # {1,..., N}
Xp " Mult(1,") [draw word

¥ The posterior of isp(! |X) = p(xp|?2|c;(#)

¥ Debne the count vector such than; denotes the number ¢
times wordt appeared

¥ Then the posterior is also a Dirichlet distribution:
p(! |X)" Dir(# + n)
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/[ Initialisation
zero all count variablemﬁ?, Nm, nff), Ny
for all documentsn! [1, M] do

for all wordsn! [1, Ny] in documentmdo
sample topic index,n,=k " Mult(1/K)

Increment documentbtopic counﬁ? +=1
Increment documentbtopic sum; +=1
Increment topicbterm courrtff) +=1
Increment topicbterm sumg += 1
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3#4"[+56.

I/l Gibbs sampling over burn-in period and sampling period

while not bnishedlo

for all documentsn! [1, M] do

for all wordsn! [1, Ny] in documenimdo

/[ for the current assignment of k to a term t for word Wpp:
decrement counts and sunmg? #=1.nm#=1; nff) #=1.ne#=1

/[ multinomial sampling acc. to Eq. 78 (decrements from previous step):
sample topic indek" p(z[zai, W)

/[ for the new assignment of 2z, to the term t for word Wpp:

increment counts and sumé,? += 1:ny +=1; ng) +=1;n.+=1
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Online 98K
900 -
850 -
~.800 - _ ~
+§ Online 3.3M \\ Baich 98K
D 750 +
Q700 -
CD
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600 -
[ [ [ [ [ [ [
103.5 104 104.5 10° 1055 106 106.5
Documents seen (log scale)
Documents 2048 4096 8192 12288 16384 32768 49152 65536
analyzed
systems systems service service service business business business
road health systems systems companies  service service industry
_ made  communication health companies systems companies companies service
Top eight service service companies  business business industry industry companies
words announced billion market company company  company services services
national language = communication  billion industry management company company
west care company health market systems management management
language road billion industry billion services public public
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¥ The Dirichlet is a distribution on the simplex, positive vectors that sum to 1.

¥ |t assumes that components are nearly independent.

¥ In real data, an article about fossil fuels is more likely to also be about
geology than about genetics.
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¥ The Dirichlet is a distribution on the simplex, positive vectors that sum to 1.

¥ |t assumes that components are nearly independent.

¥ In real data, an article about fossil fuels is more likely to also be about
geology than about genetics.
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¥ The logistic normal is a distribution on the simplex that can model
dependence between components (Aitchison, 1980).

¥ The log of the parameters of the multinomial are drawn from a multivariate
Gaussian distribution,

X U k(w!)
i #  exp{xi}.

=%,($)6#">)?& B B).5==)9:A9 !
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Logistic normal prior

O+H-OFO-@—HHO—C

¥ Draw topic proportions from a logistic normal
¥ This allows topic occurrences to exhibit correlation.
¥ Provides a OmapO of topics and how they are related

¥ Provides a better bt to text data, but computation is more complex
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1789 2009

Inaugural addresses

My fellow citizens: | stand here today humbled by the task AMONG the vicissitudes incident to life no event could
before us, grateful for the trust you have bestowed, mindful have filled me with greater anxieties than that of which
of the sacrifices borne by our ancestors... the notification was transmitted by your order...

¥ LDA assumes that the order of documents does not matter.
¥ Not appropriate for sequential corpora (e.g., that span hundreds of years)
¥ Further, we may want to track how language changes over time.

¥ Dynamic topic models let the topics drift in a sequence.
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(1880 ) (1890 ) (1900 ) (1910 ) (1920 ) (1930 ) (1940 )
electric electric apparatus air apparatus tube air
machine power steam water tube apparatus tube
power company power engineering air glass apparatus
engine steam engine apparatus pressure air glass
steam || electrical | engineering —» room —»(  water —»| mercury —»|laboratory

two machine water laboratory glass laboratory rubber
machines two construction engineer gas pressure pressure

iron system engineer made made made small

battery motor room gas laboratory gas mercury

. wire ) __engine | feet | tube | | _mercury | __small } | gas |

v

(1950 | ( 1960 ) ( 1970 ) ( 1980 ) ( 1990 ) ( 2000 )
tube tube air high materials devices
apparatus system heat power high device
glass temperature power design power materials
air air system heat current current
chamber heat —» temperature | system | applications | gate
instrument chamber chamber systems technology high
small power high devices devices light
laboratory high Bow instruments design silicon
pressure instrument tube control device material
rubber ) ( control J | design . large ) | heat ) [ technology |
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¥ LDA is an unsupervised model. How can we build a topic model that is
good at the task we care about?

¥ Many data are paired with response variables .

¥ User reviews paired with a number of stars

¥ Web pages paired with a number of OlikesO

¥ Documents paired with links to other documents
¥ Images paired with a category

¥ Supervised LDA are topic models of documents and responses.
They are bt to Pnd topics predictive of the response.
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: ! Z W |
d d,n d,n N k K
N
Document ©< Q Regression
response parameters
Yd D | ’ "
@ Draw topic proportions ! |" I Dir(").
@ For each word
¥ Draw topic assignment z,|! ! Mult(! ).

¥ Draw word Wy, | Zn, #1:k ! MU|t(#Zn)'| .

©® Draw response variable y |z1:n,$, %2 ! N $" 2% , where
#
p=(1/N) .z

n=1<<n-
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