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LDA in plate notation
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Generative model

* For all documents
— Generate 8 ~ Dirichlet(a)
— Generate all K ~ Dirichlet(B)

* For all words in each document
— Generate t ~ Multinomial(0)
— Generate w ~ Multinomial(,)



LDA math — the Dirichlet distribution

A k-dimensional Dirichlet random variable 6 can take values in the (k-1)-simplex, and has the
following probability density on this simplex:

Kk
0(6 r(kZizl ;)
Easier to understand Hi =1 r (ai )

—  Prior Dir(o; a,)

— Likelihood Multi(8, , 6,)

— Outcome {n,, n,}

— Posterior Dir(a,+ n,, a, +n,)
lgnoring the normalization constant, what is the Dirichlet probability of a
multinomial sample [0.1, 0.5, 0.4] with parameter 10

— (0.1)°(0.5)° (0.4)° =5e-16
What would it be for parameter 0.2?
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Dirichlet update — dice roll

e Datad = (2,5,4,2,6)

ar o=(L11111) ——
o=(121,1,1,1) ——
. o=(121,12,1) —
o S o=(12,12.2.1)
) o=(13,1,2.2,1)
< < o=(13,1222) ——
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LDA math — the multinomial
distribution

For n independent trials that could yield exactly one of k possible results,
the multinomial distribution gives the probability of seeing any particular
combination of outcomes

nl

- X X X
p(x,y) = o lel_.xk!h 1y 2 Ly k

Parameterized by y and n

Easier to understand
— Tracks word frequencies

— Given a vocabulary of 3 words A,B,C with normalized empirical frequencies [0.3,
0.4, 0.3] in a corpus and a document AABB

— p(document) = —— (0.3)2(0.4)%= 0.0864

— Given normalized empirical frequencies [0.1,0.1,0.8], what would the probability of
the same document be?

— Given normalized empirical frequencies [0.3, 0.4, 0.3] and a document A, what
would its probability be?
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p(w|t) is high when many words in a document show up as high frequency
terms in the corresponding topic word distribution

 is distribution of words in a topic
p(t]0) is high when many words in a topic show up as high frequency terms in
the document topic distribution

B is distribution of topics in a document



Compare with Gaussian mixture model

* p(K]|dd)is high when the ¢ value is high for the
Kth [abel

* p(x]|K) is high when x is statistically likely to be
drawn from the Gaussian with the Kth
summary statistics
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LDA inference

e Latent variable inference

_ p6,z,w|a, )
pO,tlw,a,¢) = p(wla, )

* From the graphical model

p(6,z,wla, ) = p(w|t, P)p(t|6)p(6]a)
e What are these terms?

2 pwlt, ) = T,

2 p(tlo) =114, 6,
3. p(8la) = C(a) TK, 6,51



LDA Intuition

* Given the optimal denominator, the correct partitioning of
the data into topics is determined by the numerator

 What does the numerator say about what constitutes a
good topic partitioning?
1. p(w]t, ) will have high values iff 1 is sparse
2. p(t|8) will have high values iff 6 is concentrated
3. p(B|a) will have high values if a is small
* |Implications
1. Better to have non-overlapping topics
2. Better to have fewer topics per document
3. Better to be biased towards few topics in general

 Net upshot: make clusters with co-occurring terms



LDA inference

* From these building blocks we get the full
numerator

* Denominator obtained by marginalizing over
the latent variables

— Involves an intractable integral

— Have to use approximate inference methods
* Variational EM
* Gibbs sampling

e MLE inference is standard

e, p) =Z|09 p(w, | e, 5)
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Document modeling

* Unlabeled data — our goal is density estimation.

« Compute the perplexity of a held-out test to
evaluate the models — lower perplexity score
indicates better generalization.

perplexity (D, ) = exp-
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Document Modeling — cont.
data used

C. Elegans Community abstracts
— 5,225 abstracts
— 28,414 unique terms

TREC AP corpus (subset)

— 16,333 newswire articles
— 23,075 unique terms

Held-out data — 10%

Removed terms — 50 stop words, words appearing
once (AP)



Perplexity
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What can you get from it?

“Arts” “Children”® “Eduncation”
NEW MILLION CHILDEEN SCHOOL
FIT.M TAX WOMEN STUDENTS
SHOW PROGERAM PEQPLE SCHOOLS
MUSIC BUDGET CHILD EDTUCATION
MOVIE BILLION YEARS TEACHERS
PLAY FEDERAT: FAMILIES HIGH
MUSICATL. YEAR WORK PUBLIC
BEST SPENDING PARENTS TEACHER
ACTOR NEW SAYS BENNETT
FIRST STATE FAMILY MANIGAT
YORK PLAN WELFARE NAMPHY
OPERA MONEY MEN STATE
THEATER PROGRAMS PERCENT PRESIDENT
ACTRESS GOVERNMENT CARE FLEMENTARY
LOVE CONGRESS LIFE HATTI

The William Randolph Hearst will give to Limecoln Center,

Metropolitan Opera Co., New York Philharmonic and Junilliard School
felt that we hacd a real opportmuity to make a mark om the fuitmre of the performing
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edncation and the social

arts with these
i health, medical
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Topic membership

Original article

TECHWIEW: DHA& SEQUENTING

Sequencing the Genome, Fast

Jarmas C. Hullikin a=d Amanda & Mcrerey
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Most likely words from top topics

seqguence
genome
genes
sequences
human

gene

dna
sequencing
chromosome
regions
analysis
data
genomic
number

devices
device
materials
current
high

gate

light
silicon
material
technology
electrical
fiber
power
based

data
information
network
web
computer
language
networks
time
software
system
words
algorithm
number
internet



Document similarity

K
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Chance and Statistical Significance in Protein and
DMNA Sequence Analysis

Sasunl Karin snd Yolier Bronce
Top Ten Similar Documents

Exhaustive Matching of the Entire Protein Sequence Database

How Big l= the Universe of Exons?

Counting and Discounting the Universe of Exons

Detecting Subtle Sequence Signals: A Gibbs Sampling Strategy for Multiple Alignment
Ancient Conserved Regions in Mew Gene Seguences and the Protein Databases

A Method to Identify Protein Sequences that Fold into a Known Three- Dimensicnal Structure
Testing the Exon Theory of Genes: The Evidence from Protein Structure

Predicting Coiled Coils from Protein Sequences
Genome Sequence of the Nematode C. elegans: A Platform for Investigating Biclogy



Thomas L. Griffiths, and Mark
Steyvers PNAS 2004;101:5228-5235

©2004 by National Academy of Sciences

Topic similarity
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Anthropology {
Applied Biological Sciences
Biochemistry
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Developmental Biology'
E i |
o g
volution g
Genetics - 18
Immunology - . §’
Medical Sciences '8
Microbiology 1=
Neurobiology o
Pharmacology - -
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Plant Biology |- e
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Payencoay - o
Applied Mathematics — s |
Applied Physical Sciences - |
Astronomy )
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Engineering - [ 4 %
Geology - g
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217274126 63 200200 42 2 280 15 64 102112210201 165142280222 39 105221270 65 2 2 39 270114 109222120
217 274 126 63 200 209
INSECT SPECIES GENE STRUCTURE FOLDING NUCLEAR
MYB PHYLOGENETIC VECTOR ANGSTROM NATIVE NUCLEUS
PHEROMONE EVOLUTION VECTORS CRYSTAL PROTEIN LOCALIZATION
LENS EVOLUTIONARY EXPRESSION RESIDUES STATE CYTOPLASM
LARVAE SEQUENCES TRANSFER STRUCTURES ENERGY EXPORT
42 2 280 15 64 102
NEURAL SPECIES SPECIES CHROMOSOME CELLS TUMOR
DEVELOPMENT GLOBAL SELECTION REGION CELL CANCER
DORSAL CLIMATE EVOLUTION CHROMOSOMES ANTIGEN TUMORS
EMBRYOS coz2 GENETIC KB LYMPHOCYTES HUMAN
VENTRAL WATER POPULATIONS MAP cD4 CELLS
112 210 201 165 142 222
HOST SYNAPTIC RESISTANCE CHANNEL PLANTS CORTEX
BACTERIAL NEURONS RESISTANT CHANNELS PLANT BRAIN
BACTERIA POSTSYNAPTIC DRUG VOLTAGE ARABIDOPSIS SUBJECTS
STRAINS HIPPOCAMPAL DRUGS CURRENT TOBACCO TASK
SALMONELLA SYNAPSES SENSITIVE CURRENTS LEAVES AREAS
39 105 221 270 55 114
THEORY HAIR LARGE TIME FORCE POPULATION
TIME MECHANICAL SCALE SPECTROSCOPY SURFACE POPULATIONS
SPACE MB DENSITY NMR MOLECULES GENETIC
GIVEN SENSORY OBSERVED SPECTRA SOLUTION DIVERSITY
PROBLEM EAR OBSERVATIONS TRANSFER SURFACES ISOLATES
109 120
RESEARCH AGE
NEW oLD
INFORMATION AGING
UNDERSTANDING LIFE
PAPER YOUNG



Document tagging, relevance scoring

Tax Innovation in the States: Capitalizing on Political Opportunity
Frances Stokes Berry;William D. Berry. Statis
American Journal of Political Science f
(1992), pp. 715-742 [ l S ) :

=
Journal Disciplines:

* Political Science

Chaos and Nonlinear Forecastability in Economics and Finance

Blake LeBaron. Fhilosophical Statist
Transactions: Physical Sciences and
Engineering (1994), pp. 397-404

' B :
gl Economics
Mathemat ] ~ (the
Journal Disciplines:
* Mathematics  Financy
* Bioclogical Sciences
* General Science

Reply: Theory Is Not a Social Dilemma

Gerald Marwell;Pamela Cliver. Social |
Psychology Quarterly (1994), pp. 373

Jowurnal Disciplines:

* Psychology
* Sociology




Extension: correlated topic models

~ Llogitplot
| i =

W |d]

X~ N(u,X)

0 o exp(x;)



Topic hierarchies
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Extension: dynamic topic modeling
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Time-drifting topic distributions

Bra Bie 2 Br.r

o Use a logistic normal distribution to model topics evolving over
time (Aitchison, 1980)

» A state-space model on the natural parameter of the topic
multinomial (West and Harrison, 1997)

Bk | Btk ~ N(Bi1k. 10°)
p(w|pBik) oc exp {,.:‘33:;{}



Temporal changes

-

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 f 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 flow instruments design silicon
pressure instrument tube control device material
rubber | control ) design ) large L heat ) | technology |




"Theoretical Physics"

Trends

"Neuroscience"

1880

1900

| | | I
1980

1920 1940 1960

Eas

2000 1880

1900 1920 1940 1960 1980

2000




Other uses

Corr-LDA:

TREE, LIGHT, SUMZET, WATER, 3EY

GM-Mixture:

CLOSE-UP, TREE, PECPLE. MUSHRQOMS, LICHEMN

GM-LDA:

WATER, SEY, TREE, PEQFLE, GRASS

Corr—LDA:

1. PEQFLE, TREE

2. 5KY,IET

3. 5KY, CLOUDS

4. SEY, MOUNTATN
5. PLAMNE, JET

& PLAME, JET

Coarr—LDA:

TREE, WATER., GRASS, FLOWERS, EIRDS

GM-Mixtore:

TREE. WATER. GRASS, SKY, FIELD

GM-LDA:

WATER, EKY, TREE, PECPLE, GRASS

GM-LDA:

1. HOTEL, WATER
2.FLANE. JET

3. TUMDRA, PENGUIIN
4. FLANE, JET

5. WATER., SKY

6. BOATS, WATER



