Bag of Words Classification
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Cr energy exploration, production, and distribution anXI ous
operations span the globe, with activities in more than 100
countries.

At TOTATL, we draw our greatest strength from our
fast-growing ol and gas reserves. Cur strategic emphasis
on natural gas provides a strong posttion in a rapidly gas 1
expanding market.

Our expanding refining and marketing operations in Asia
and the Mediterranean Eim complement already solid e
positions in Europe, Affica, and the T.S.

Cr growing specialty chemicals sector adds balance and OI I 1

profit to the core energy business




Naive Bayes Learner

Train.
For each class G of documents

1. Estimate P(c; )

2. For each word w; estimate P(w; | ;)
Classify (doc):

Assign doc to most probable class

argmax P(c;) [ | P(w |c;)

J w; [ldoc

* assuming words are conditionally independent, given class |



The Problem

e \Want higher accuracy from fewer |abeled examples

Opportunity 1:
e Useadll that unlabeled data
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CoTraning Algorithm #1
[Blum& Mitchell, 1998]

Given: labeled data L,
unlabeled data U
L oop:
Train gl (hyperlink classifier) using L
Train g2 (page classifier) using L
Allow gl to label p positive, n negative examps from U
Allow g2 to label p positive, n negative examps from U
Add these self-labeled examplesto L




CoTraning: Experimental Results

begin with 12 |abeled web pages (academic course)
provide 1,000 additional unlabeled web pages
average error: using labeled data only 11.1%;
average error: cotraining 5.0%
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Example 2. Learning semantic lexicons
[Riloff and Jones, 1999]

Learn which noun phrases represent |ocations.

“We have operations in bustling Kuwait City”
w1 X2

e Classifier for x1.:
— “operationsin ... NP’

e Classifier for x2:
— rote dictionary: New Y ork, Paris, Germany, ...
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L earning semantic lexicons
[Riloff and Jones, 1999]

“We are headquartered in Pittsburgh.”
“We are headquartered in sunny Tehran.”
“Our offices are located in downtown Tehran.”

10 seed words

D|ct|onary
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Example: Learning Locations

e 10 seed words:

— United States Germany England Switzerland
France Canada Mexico Japan China Australia

e Top words added by bootstrapping:

— Europe Greece Italy Singapore Finland UK
North_America States de_Benelux Deutschland
de Bendux_seminars Asia/lPacific
Middle East/AfricaU.S. Hong Kong Spain
Portugal World Philippines Countries Oregon...
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Example: Learning Locations

e Top ruleslearned by bootstrapping:
— officesin ?x
— facilities in 2
— operations in X
— loansin ?x
— operatesin X
— locations in ?x
— producer In ?X

13



CoTraning Setting

learn f: X 5 Y

where X = X, x X,

where X drawn from unknown distribution
and [D,,0, (0x)0,(%)=0,(%)=T(X)

o |f
— X1, x2 conditionally independent giveny
—f 1SPAC learnable from noisy labeled data
e Then

—f 1ISPAC learnable from weak initial classifier
plus unlabeled data
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Co-Training Rote Learner
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Co-Training Rote Learner

hyperlinks pages

My advisor

KM

O
O
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Co-Training Rote Learner

hyperlinks pages

My advisor

i
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O
O
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Co-Training Rote Learner
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Co-Training Rote Learner
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Rote CoTraining error given m examples

CoTraining setting :

learn f: X Y

where X = X % X,

where x drawn from unknown distribution
and [D;,,9, (Ex)0,(%)=0,(X)=T(X)

E[error] < Z p,1-p;)"

J

O OOW
e e

Where p, Is probability that a randomly drawn
example will fall into the jth connected component
of the graph of U+L

O
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How many unlabel ed examples suffice?

Want to assure that connected components in the underlying
distribution, G, are connected components in the observed
sample, Gq

ANNY)

0)®)
®
O
®

GD GS
O(log(N)/a) examples assure that with high probability, G has same
connected components as G, [Karger, 94]
N issize of Gy, a Ismin cut over all connected components of G,
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What If CoTraining Assumption
Not Perfectly Satisfied?

AN

OO
O

22



What If CoTraining Assumption
Not Perfectly Satisfied?
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What If CoTraining Assumption
Not Perfectly Satisfied?

e ldea Want classifiers that produce a
maximally consistent |abeling of the data

o If learning is an optimization problem, what
function should we optimize?
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What Objective Function?

E=FE1+E2

El= Z(y_gl(xl))z :

E2= Z (y- Qz(xz))z

<x,y>[L




What Objective Function?

E = El+ E2+c,E3

El= Z(y_gl(xl))z :
E2= % (Y= §,(%))° /

E3= Z (@1()(1) — Qz(xz))z




What Objective Function?

E=El1+E2+c,E3+C,E4

El= Z(y_gl(xl))z :

sl Disagreement over unlabeled
E2= % (¥~ 0,(%))° /
E3= ;(Ql(xl)_gz(xz))z —

M1 1 6,() + G,(%) %
E4 = y E 1
_:L|<XJZDL% L|+|U|x%u 2
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What Function Approximators?
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What Function Approximators?

~ 1 A 1
gl(x) — W, 41X gZ(X) - S Wi oX;
1+e’ 1+e’

Move away from rote learning
Same fn form as Naive Bayes, Max Entropy

Use gradient descent to simultaneoudly learn
gl and g2, directly minimizing
E=-E1+E2+E3+E4

No word independence assumption
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Gradient CoTraining

gl(x) = > W 1X; gZ(X) = Y W 5X;
1+ e’ 1+e’

‘1-“1“\‘
T
paetiogatice
R,
RTINSt R et e s

Gradient 3
E 8F oF
VE[W] =
7] Swy’ Owy” Bw,
Training rule:
A = —nVE[d]
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Classifying Jobs for FlipDog

= Employers = Support

| Maodify Search | Mew Search
: Mid-5r. Sun Hw | oo Coliege Bradwl Why work for one
= Engineer Pleasanton, | M } I |||:|n_ . M | Shock  startup when you can
\ J Personality? Join our .,
zengystems  CA S’ IT Recruiting Team. work for many?
Sort results by |Ei'atE Pasted x| Search these jobs for: | &5 Search tips
26 - 50 of 159 jobs shown below [ _Previous | [ More Results
C++/Java Consultants at Elite Placement Services ® MNovermber 01, 2000
Jab Mumber: C1 Zalary Range: $80K Jab Description: Functions of this position include the consulting, development HDUStDﬂ_. Tx
and implementation of EAl solutions supporting e-commerce and B2B initiatives for. .. Computing/MI=
software Develapment
Chief software architect at Elite Placermnent Services B Movernber 01, 2000
Jab Mumber: CEA1 Salary Range: to $150K Job Description: Respaonsible for the end-to-end architecture aof all n- HDUStDU. Tx
tiered web-based applications and complementary products. Pravide design direction for the. . Computing/MIS
Software Development
web Application Developers at MI Systermns, Inc, © Movember 01, 2000

Location: Houston, Ti Last Updated: 10/04/00 Job Type: Full-Time Contract Length: O Salary: open Hourly Pay: See  Houston, T

n Synopsis: Permanent Opportunities (29 Application Developers with. . Computing/MIS
Internet Develapment
sulting Engineer at Wisual Numerics, Inc. Movember 01, 2000
Job Ogde 00-022-H Back to Top WHAT'S THE JOB? Performs pre-sales tec ducts to Houston, T

customers and non-customers. Technical support includes providing verbal a Cornputing/MIS
Technical Support/Help Desl

lesoft Software Analyst (Systermns Analyst II1 L.T. Staffin October 27, 2000
Date Pasted: 10A200 Lacation: Houston, TX (Some international travel required) Job Descrption: CLIENT/SERVER  |Houstan, T

APPLICATION ADMINISTRATION. SETTING UP USERS AMD SECURITY FOR DATABASE AMD APPLICATION.. . |Computing/MIZ
software Development

Peoplesoft Software Analyst (Systems Analyst 111D at 1T, Staffing, Inc. October 27, 2000
Date Posted: 101200 Location: Houston, TX (Some intermational travel required) Job Description: CLIENT/SERVER HDUStDﬂ_. Tx
APPLICATION ADMINISTRATION. SETTING UP USERS AND SECURITY FOR DATABASE AMD APPLICATION.. . Computing/MIS

S athusmrva Mavalamremnt




Gradient CoTraining

Classifying FlipDog job descriptions. SysAdmin vs. WebProgrammer

jobDoc—-L13-U1 2756-WD 5-R2600-Etad 01 —InitD-3I1dSbjFn
1 T T '_|. T R
— EZ2
L 1| — E3
0.8 testE1
testE2
0a || —— accuracy
07
Final Accuracy
DB
. L abeled data alone: 86%
205
¢ CoTraining: 96%
04r
03F
0.2 \
OD &00 1000 15IDCI EDIDD 2500
# iterations 32



Gradient CoTraining

Classifying Upper Case sequences as Person Names

25 labeled 2300 labeled
5000 unlabeled 5000 unlabeled

Using

|abeled data 76 g7

only

Cotraining 85 89

Cotraining R

without 13

fitting class

priors (E4)

* sensitive to weights of error terms E3 and E4 -



Potential CoTraining Domains

Web page classification [Blum, Mitchell 98]

Semantic lexicon generation [Riloff, Jones 99],
[Collins, Singer 99]

Word sense disambiguation [Y arowsky 95]
Speech recognition [de Sa, Ballard 98]
Multimedia classification ?7?

Robotic perception 77?

Models of human learning ??
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