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L ast time:
Clustering —> Mixture Models —>
Expectation Maximization (EM)



loday:
lopic models



Mixture models

Data: p — (x(01V  where x(V) ¢ RM

Slide credit: Matt Gormley and Eric Xing (CMU)



Mixture models

Data: p — (x(01V  where x(V) ¢ RM

Slide credit: Matt Gormley and Eric Xing (CMU)



Mixture models

Data: p — (x(01V  where x(V) ¢ RM
Generative Story: > ~ Multinomial(¢)

X ~ po(-|2)

Model: Joint:  Pa,g(X,2) = pe(X[2)pe(2)

K
Marginal: p37¢(x) — ZPO (X|Z)p¢(2)
z=1

Slide credit: Matt Gormley and Eric Xing (CMU)



Mixture models

Data: D — {x(V}N . wherex® € RM
Generative Story: > ~ Multinomial(¢)

x ~ po(-|2)

Model: Joint:  Pa,¢(X,2) = pa(x|2)pe(2)

K
Marginal: pg,qb(x) = Zpg (X|Z)p¢(z)
z=1

(Marginal) Log-likelihood:

Slide credit: Matt Gormley and Eric Xing (CMU)



The model

Nalve Bayes

N
p(clwi.n, m,0) < p(c|r) 1] p(wnlbe)
n=1
D N
p(Dlbr.c,m) = |] (p(ccz\ﬂ) ][ p(wnlbe,)
d=1 n=1



(Soft) EM

Initialize parameters randomly

while not converged

1. E-Step:
Credte one training example for
each possible value of the latent
variables
Weight each example according
to model’s confidence

Treat parameters as observed

2. M-Step:
Set the parameters to the values
that maximizes likelihood

Treat pseudo-counts from above as observed

Slide credit: Matt Gormley and Eric Xing (CMU)



And for NB
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TOPIC MODELS

v Some content borrowed from:
w48  David Blel
A (Columbia)




Topic Models: Motivation

e Suppose we have a giant dataset (“corpus”) of text, e.g., all of the
NYTimes or all emails from a company

<+ Cannot read all documents

< But want to get a sense of what they contain




Topic Models: Motivation

e Jopic models are a way of uncovering, well,
“topics” (themes) in a set of documents




Topic Models: Motivation

e Jopic models are a way of uncovering, well,
“topics” (themes) in a set of documents

e TJopic models are unsupervised




Topic Models: Motivation

Topic models are a way of uncovering, well,
“topics” (themes) in a set of documents

Topic models are unsupervised

Can be viewed as a sort of soft clustering of
documents into topics.
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Topic 1 Topic 2 Topic 3 Topic 4
the i that easter
“number” is proteins ishtar
in satan the a
to the of the
espn which to have
hockey and i with
a of if but
this metaphorical “number” english
as evil you and
run there fact is

Example from Wallach, 2006



Key outputs

- Topics Distributions over words; we hope these are
somehow thematically coherent

- Document-topics Probabilistic assignments of
topics to documents



https://en.wikipedia.org/wiki/Enron_scandal

Example: Enron emails

Rise and fall of Enron e

Kesy evenits in the orowth and banksuptcy of the seventh lugest US. covporation ‘

Up and coming Sudden crash
1985 Formed from merger Oct. 24, 2001 Cnief Financial Officar $20
of Houston Natural Gas and Andrew Fastow forced 10 resign
T U ) Oct.-Nov. 2001 Revisss its 1997-2001 §70
Late 1980s Created new market by reports; profits $600 million less than
trading in energy as a commodity roportod earkor, dobt $628
ko ol began buying interests milkon more - $80
in Wtiltios, communication,
“nance wordwide Nov. 28, 2001 Rival Dynegy
withdraws $8 billion takeover

1996-2001 Six tmes on bid. Standard & Poor's ~ $50
Fortune's Ist of “America's downgrades Enron bonds
most Innovative companies® 10 junk; its stock collapees 40
1998 Begins bulding, trading Dec. 2, 2001 Fies for Chapter
"broadband” communication capacity 11 bankrupicy; sues Dynegy
for trading oll, bancwidth, other Jan, 10, 2002 Federal

$20
2000 Reports revenuo ~
of $101 bilion

13
adjusted for spiits
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https://en.wikipedia.org/wiki/Enron_scandal
https://www.cs.cmu.edu/~enron/

Example: Enron emaills

Topic Terms

3 trading financial trade product price
6 gas capacity deal pipeline contract
9 state california davis power utilities

14 ferc issue order party case
22 group meeting team process plan

https://en.wikipedia.org/wiki/Enron scandal Example from Boyd-Graber, Hu and Mimno, 2017



https://en.wikipedia.org/wiki/Enron_scandal

Document-topic probabillities

Yesterday, SDG&E filed a motion for adoption of an electric
procurement cost recovery mechanism and for an order short-
ening time for parties to file comments on the mechanism. The
attached email from SDG&E contains the motion, an executive
summary, and a detailed summary of their proposals and rec-
ommendations governing procurement of the net short energy
requirements for SDG&E’s customers. The utility requests a
15-day comment period, which means comments would have to
be filed by September 10 (September 8 is a Saturday). Reply
comments would be filed 10 days later.

Topic Probability

9 0.42
11 0.05
8 0.05

Example from Boyd-Graber, Hu and Mimno, 2017



Topics as Matrix Factorization

* One can view topics as a kind of matrix factorization

Topic Assignment

KxV

Topics

MxV

U

Dataset

Figure from Boyd-Graber, Hu and Mimno, 2017



Topics as Matrix Factorization

 One can view topics as a kind of matrix factorization

Mx K| x KxV

Topics

MxV

U

Topic Assignment Dataset

 We will try and take a more probabilistic view, but
useful to keep this in mind

Figure from Boyd-Graber, Hu and Mimno, 2017



Words:

Seeking Life’s Bare (Genetic) Necessities

COLD SPRING HARBOR, NEW YORK—
How many genes does an organism need to
survive! Last week at the genome meeting
here,* two genome researchers with radically
different approaches presented complemen-
tary views of the basic genes needed for life.
One research team, using computer analy-
ses to compare known senomes, concluded
that today’s organisms can be sustained with
just 250 genes, and that the earliest life forms
required a mere 128 venes. The
other researcher mapped genes
in a simple parasite and esti-
mated that for this organism,
800 genes are plenty to do the
job—but that anything short
of 100 wouldn’t be enough.
Although the numbers don't
match precisely, those predictions

* Genome Mapping and Sequenc-
ing, Cold Spring Harbor, New York,
May 8 to 12.

SCIENCE o VOL. 272 o 24 MAY 1996

X,|%,, = k ~ Discrete(f5;)

Mycoplasme =
‘genome
469 genes

“are not all that far apart,” especially in
comparison to the 75,000 genes in the hu-
man genome, notes Siv Andersson of Uppsala
University in Sweden, who arrived at the
800 number. But coming up with a consen-
sus answer may be more than just a genetic
numbers game, particularly as more and
more genomes are completely mapped and
sequenced. “It may be a way of organizing
any newly sequenced genome,” explains
Arcady Mushegian, a computational mo-
lecular biologist at the National Center
\ for Biotechnology Information (NCBI)
| in Bethesda, Maryland. Comparing an

Redundant and

! ¢ Related and
Genes parasite-specific modern genes
needed genes removed removed
for biochemical -4 genes —122 genes
pathways
+22 genes
Minimal
M £ gene set |3
250 genes
Ancestral
gene set

Stripping down. Computer analysis yields an esti-
mate of the minimum modern and ancient genomes.

ADAPTED FROM NCBI

Probabilistic Word Mixtures

[dea: Model text as a mixture over words (ignore order)

gene 0.04
dna 0.02
genetic 0.01
life 0.02
evolve @ .Gl

organism 0.01

A I

/

brain 0.04
neuron 0.02
nerve 0.01
data 0.02
number 0.02

computer 0.01

A I

\/

Topics: sz, ~ Discrete(0)



Topics
(shared)

Topic

Words in Document
(mixture over topics)

Modeling

Topic Proportions
(document-specific)

gene 0.04
dna 0.02
genetic 0.01
life 0.02

evolve 0.01
organism 0.01

A

/

brain 0.04
neuron 0.02

nerve 0.01
data 0.02

number 0.02
computer 0.01
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survive! Last week at the genome meeting
here,* two genome researchers with radically
different approaches presented complemen-
tary views of the hasic genes needed for life;
One rescarch team, using compurer analy-
ses to compare known genomes, concluded
that today’s organisins can be sustained with
just 250 genes, and that the carliest life forms
required a mere 128 genes. The
other rescarcher mapped genes
in a simple parasite and esti-

mated that for this organism, [ @ gerome
. 1703 genes.

800 genes are plenty to do the
job—Dbut that anything short
of 100 wouldn’t be enough.
Although the numbers don't
match precisely, those predictions

* Genome Mapping and Sequenc-
ing, Cold Spring Harbor, New York,

SCIENCE e VOL. 272 * 24 MAY 1996
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genome
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Words in Document
(mixture over topics)

Modeling

Topic Proportions
(document-specific)
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COLD SPRING HARBOR, NEW YORK—
How many genes does anjorganism need to
survive! Last week at the genome meeting
here,* two genome researchers with radically
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tary views of the hasic genes needed for life;
One rescarch team, using compurer analy-
ses to compare known genomes, concluded
that today’s organisins can be sustained with
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Topic Modeling

Words in Document
(mixture over topics)

Eac
Eac
Eac

Seeking Life’s Bare (Genetic) Necessities
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Topic Proportions
(document-specific)

n topic is a distribution over words
n document is a mixture over topics

n word is drawn from one topic distribution




Topic Modeling

Topics Words in Document Topic Proportions
(shared) (mixture over topics) (document-specific)
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L DA’s view of a document

The William Randolph Hearst Foundation will give $1.25 million to Lincoln Center, Metropoli-
tan Opera Co.. New York Philharmonic and Juilliard School. “Our board felt that we had a
real opportunity to make a mark on the future of the performing arts with these zrants an act
every bit as important as our traditional areas of support in health., medical research. education
and the social services.”” Hearst Foundation President Randolph A. Hearst said Monday in
announcing the grants. Lincoln Center’s share will be 5200.000 for its new building. which
will house young artists and provide new public facilities. The Metropolitan Opera Co. and
New York Philharmonic will receive $400.000 each. The Juilliard School. where music and
the performing arts are taught. will get $250.000. The Hearst Foundation. a leading supporter

donation. too.

“Arts” “Budegets” “Children” “Education”

Slide credit: William Cohen (CMU)



Example: Discovering
sclentific topics



Example

human
genome
dna
genetic
genes
sequence
gene
molecular
sequencing
map
information
genetics
mapping
project
sequences

evolution
evolutionary
specles
organisms
life
origin
biology
groups
phylogenetic
living
diversity
group
new
two
common

INnference

disease
host
bacteria
diseases
resistance
bacterial
new
strains
control
infectious
malaria
parasite
parasites
united
tuberculosis

computer
models
information
data
computers
system
network
systems
model
parallel
methods
networks
software
new
simulations



Example Inference

Seeking Life’s Bare (Genetic) Necessities

COLD SPRING HARBOR, NEW YORK—
How many genes does an organism need to
survive! Last week at the genome meeting
here,” two genome researchers with radically
different approaches presented complemen-
tary views of the basic genes needed for life.
One research team, using computer analy-
ses to compare known genomes, concluded
that today’s organisms can be sustained with
just 250 genes, and that the earliest life forms
required a mere 128 genes. The
other researcher mapped genes
in a simple parasite and esti-
mated that for this organism,
800 genes are plenty to do the
job—but that anything short
of 100 wouldn’t be enough.
Although the numbers don't
match precisely, those predictions

. .genome
469 genes

* Genome Mapping and Sequenc-

©Myeoplasma -~

“are not all that far apart,” cspecially in
comparison to the 75,000 genes in the hu-
man genome, notes Siv Andersson of Uppsala
University in Sweden, who arrived at the
800 number. But coming up with a consen-
sus answer may be more than just a genetic
numbers game, particularly as more and
more genomes are completely mapped and
sequenced. “It may be a way of organizing
any newly sequenced genome,” explains
Arcady Mushegian, a computational mo-

for Biotechnology Information (NCRBI)
in Bethesda, Maryland. Comparing an
Redundant and Related and

Genes parasite-specific modern genes
needed genes removed removed

for biochemical -4 genes —122 genes
pathways
+22 genes \
: L Minimal 128
M gene set |3 genes
: 250 genes

Ancestral
gene set

lecular biologist at the National Center

ing, Cold Spring Harbor, New York,
May 8 to 12.

Stripping down. Computer analysis yields an esti-
mate of the minimum modern and ancient genomes.

SCIENCE o VOL. 272 * 24 MAY 1996

ADAPTED FROM NCBI

Probability

0.4

0.3

0.2

0.1

0.0

e

1

8 16 26 36 46 56 66 76 86 96

Topics



Example Inference

problem
problems
mathematical
number
new
mathematics
university
two
first
numbers
work
time
mathematicians
chaos
chaotic

model
rate
constant
distribution
time
number
size
values
value
average
rates
data
density
measured
models

selection
male
males
females
sex
species
female
evolution
populations
population
sexual
behavior
evolutionary
genetic
reproductive

species
forest
ecology
fish
ecological
conservation
diversity
population
natural
ecosystems
populations
endangered
tropical
forests
ecosystem



Mean 6.

0.015¢

0.01}

0.005}

Cold topics

37

289
75

1991 1993 1995 1997 1999 2001

Hot topics

0.015¢
0.01}
o 2
§ 134
s
0.005 179

0 L A A A A L
1991 1993 1995 1997 1999 2001

Year Year
37 289 75 2 134 179
CDNA KDA ANTIBODY SPECIES MICE APOPTOSIS
AMINO PROTEIN ANTIBODIES GLOBAL DEFICIENT DEATH
SEQUENCE PURIFIED MONOCLONAL CLIMATE NORMAL CELL
ACID MOLECULAR ANTIGEN cO2 GENE INDUCED
PROTEIN MASS IGG WATER NULL BCL
ISOLATED CHROMATOGRAPHY MAB ENVIRONMENTAL MOUSE CELLS
ENCODING POLYPEPTIDE SPECIFIC YEARS TYPE APOPTOTIC
CLONED GEL EPITOPE MARINE HOMOZYGOUS CASPASE
ACIDS SDS HUMAN CARBON ROLE FAS
IDENTITY BAND MABS DIVERSITY KNOCKOUT SURVIVAL
CLONE APPARENT RECOGNIZED OCEAN DEVELOPMENT PROGRAMMED
EXPRESSED LABELED _ SERA EXTINCTION GENERATED ____ MEDIATED

From Griffiths and Steyvers, PNAS 2004



—rom Nalve Bayes to
Topic Models (board)



Likelihood
log (p(xq | B,04)) = 1og(pP(xan | B,04))

= 2108 (l_[P(an =v|p, Hd)l[xd”:v])
— ZI[xdn = V] log(p(xdn =V | ﬁ: Od))

— Zj[xdn =v]log (Zp(xdn =v,24,=k |, Od))
n,v k

= ZI[xdn =v] log (ZP(Zdn:k | 04) p(xgn =V | zdn:knﬁ))
n,v k

— ZI[xdn =v] log (Z Hd’kﬁk’v)
n,v k

=X log @ p



How to estimate parameters in PLSA?



L et's iImplement...
(In class exercise)



Evaluation:
Are these topics any good?

* As for clustering: a bit tricky. Thoughts on how we
might evaluate topics?



L Ikelihood of held-out data

Observed data Fit model Held-out data



‘Intrusion detection”

Word Intrusion Topic Intrusion
1/10 6/10 DOUGLAS_HOFSTADTER
: ittt Koth Ao th Ko the Kl So B B IE Al Bolh Mot !
floppy alphabel compuler processor  memory disk N X " o
o . S ROy ; ! i Douglas Richard Hofstadter (horn February 15, 195 in |
I New York, New York) is an American academic whose
2/ 10 I research focuses on consciousness, thinking and [
molecule education  study  university  school  student - Creativity. He Is best known for _, first published in '
! Show entire excerpt I
Bt o o e o e e e e e e e s e ey e e e e e e -
3/ 10 student school study education  rescarch  umversity  science learn
Iinguistics  actor iim comedy  director movie : . o ~ . ;
: human life scientific science scientist  expenment  work idea
1710 play role good actor star career show  performance
islands island bird coast  portuguese mainland wrnie work book publish hle nend mfluence father

From Chang et al., 2009



‘Intrusion detection”

Word Intrusion Topic Intrusion
1/10 6/10 DOUGLAS_HOFSTADTER
: : . othadeadh Kb ot R o B A Ih et il Bodig !
] alphabet ler proce . d . . & s
Hoppy Nphahes: SORPISY processor- e o i Douglas Richard Hofstadter (horn February 15, 195 in |
I New York, New York) is an American academic whose
2/ 10 I research focuses on consciousness, thinking and [
molecule cducation  study  university  school  student - Creativiy. He i best known for , fivst published o '
! Show entire excerpt I
Bt o o e o e e e e e e e s e ey e e e e e e -
S /10 student school study education  rescarch  umversity  science learn
linguistics  actor tim comedy  director  movie . _ St : R 5 _
: human life scientific science scientist  expenment  work idea
1710 play role good actor star career show  performance
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iInstances to these.
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Summing up

 PLSA is a simple ad-mixture model that uncovers
topics (distributions over words) and soft-assigns
iInstances to these.

* We saw parameter estimation via Expectation-
Maximization.

* Next time: Introducing priors into topic models —
Latent Dirichlet Allocation (LDA).

* This will motivate sampling-based estimation



