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ISP Decision Trees & Iterative Denoising

Priebe, C.E., Marchette, D.J., and Healy, D.M. (2004).
Integrated Sensing and Processing Decision Trees.
IEEE Trans. PAMI, Vol. 26, No. 6, pp. 699–708.

Priebe, C.E., et al. (2004).
Iterative Denoising for Cross-Corpus Discovery.
COMPSTAT: Proceedings in Computational Statistics,

16th Symposium Held in Prague, Czech Republic, 2004.
Edited by Jaromir Antoch.
Physica-Verlag, Springer. pp. 381–392.
<http://www.ams.jhu.edu/˜priebe/acas.html>
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� sensing —

s : R ! Rp; p >> 1

� dimension reduction —

r : Rp ! Rq; q << p

� classi�cation/c lustering —

g : Rq ! [0; 1]C
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Science News
Science News Online http://www.sciencenews.org/
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Science News for Kids

Science News
e-LETTER.

 Teen Brains on Trial

 Words in the Brain: 
Reading program 
spurs neural rewrite in 
kids

 Ancient Buzzing: 
German site yields 
early hummingbird 
fossils

Last Week's Table of 
Contents

Science News of the 
Year: 2003

Week of May 15, 2004; Vol. 165, No. 20

Bad Break: Homocysteine may weaken bones
Elderly people with elevated concentrations of the amino acid 
homocysteine in their blood are more likely to break bones than are 
people with low amounts. more...

Rethinking Refuges? Drifting pollen may bring earlier pest 
resistance to bioengineered crops

Pollen wafting from bioengineered corn to traditional varieties may 
be undermining the fight to keep pests from evolving resistance to
pesticides. more...

Glimpses of Genius
By studying a puzzle that Archimedes pondered 2,200 years ago, 
mathematicians are obtaining new insights into its intriguing 
geometric structure. more...

This Week's Table of Contents
Additional headlines, summaries, and references. Registered 
subscribers who have signed in have access to the full text of all 
articles.

MathTrek: Extra Time, Math, and the SAT
Extra time on the math portion of the SAT helps the most able 
students the most.

Food for Thought: Marsh Farming for Profit and the Common 
Good

A move is now afoot to get farmers to embrace wetlands as part of 
their business.

TimeLine: 70 Years Ago in Science News
William M. Welch and public health, a thymus-gland extract for 
speeding up growth, and mass-three hydrogen.

Science Safari: Chem Demos

Contact Us

Subscribe to Science News

Change of Mailing Address

Order Back Issues

Subscription Renewals

Classroom Subscriptions
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Science News Example
Glimpses of Genius: Science News Online, May 15, 2004 http://www.sciencenews.org/articles/20040515/bob9.asp
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Glimpses of Genius

Mathematicians and historians piece together a puzzle that 
Archimedes pondered

Erica Klarreich

At the start of the 20th century, a Danish mathematical historian named 
Johan Ludvig Heiberg made a once-in-a-lifetime find. Tucked away in the 
library of a monastery in Istanbul was a medieval parchment containing 
copies of the works of the ancient Greek mathematician Archimedes, 
including two never-before-seen essays. To mathematicians' 
astonishment, one of the new essays contained many of the key ideas of 
calculus, a subject supposedly invented two millennia after Archimedes' 
time. The essay caused a sensation and landed Heiberg's discovery on 
the front page of a 1907 New York Times.

RECYCLING PROGRAM. In the 13th century, monks 
reused a copy of Archimedes' work by writing prayer texts 
(horizontal lines) over the underlying mathematical text 
(vertical lines).
© Christie's Images Inc. 2004

The other new essay, by contrast, mystified mathematicians. A fragment 
of a treatise called the Stomachion, it appeared to be nothing more than a 
description of a puzzle that might have been a children's toy. 
Mathematicians wondered why Archimedes, whose other works were so 
monumental, should have spent his time on something so frivolous.

The Stomachion fragment offered only tantalizing glimpses into
Archimedes thinking. The parchment, probably first written on in the 10th
century in Constantinople, is a palimpsestÐa document whose surface
has been scraped and reused. In 1204, the Fourth Crusade sacked
Constantinople, and shortly thereafter monks unbound the Archimedes's
parchment, did their best to erase the mathematical text, and recycled the
volume as a Christian prayer book. Only the beginning pages of the
Stomachion made it into the new book, and on those pages, the
underlying math text was faint and hard to read.

Armed with only a magnifying glass, Heiberg managed to make out a large 
portion of the palimpsest. What he read, however, offered few clues to 
Archimedes' interest in the puzzle. And before other scholars could 
examine the faded script, and perhaps catch something Heiberg had 
missed, the parchment was stolen. It vanished into obscurity for more than 
8 decades.

In 1998, the Archimedes palimpsest suddenly resurfaced from a private 
collection. An anonymous U.S. billionaire bought it for $2 million at 
Christie's auction house in New York and made it available to scholars. 
Mathematical historians have now come up with a guess about what 
Archimedes was thinking 2,200 years ago.

Mathematicians are also studying the puzzle for its own sake. Its 
underlying structure, they are finding, is anything but trivial.

A multitude of solutions
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Science News Corpus

Class Number of Documents

Anthropology 54

Astronomy 121

Behavioral Sciences 72

Earth Sciences 137

Life Sciences 205

Math & CS 60

Medicine 280

Physics 118

Table 1: Science News corpus.
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Lin & Pantel Mutual Information Feature

L C (�) : DocumentSpace ! [M utualI nformationF eature]dL (C ) :

Both the features themselves and the number of features dL (C)
depend on the corpus C. Thus L C (C) is a jCj � dL (C) mutual
information feature matrix. Each of the features is associated with a
word (after stemming and removal of stopper words), as follows. For
document x in corpus C, and associated word w, the mutual
information between x and w is given by

mx;w = log

 
f x;wP

� f � ;w
P

! f x;!

!

:
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Here f x;w = cx;w =N where cx;w is the number of times word w appears
in document x and N is the total number of words in the corpus C. This
information is discounted to reduce the impact of infrequent words via

~mx;w = mx;w �
cx;w

1 + cx;w
�

min(
P

� c� ;w ;
P

! cx;! )

1 + min(
P

� c� ;w ;
P

! cx;! )
:

The mutual information feature vector, then, for document x in corpus
C, is given by

ex = L C (x) = [ ~mx;w 1 ; � � � ; ~mx;w d L ( C ) ]:
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Lin & Pantel Mutual Information Distance

Given two documents x; y 2 C, the distance
(we use the term loosely; it is in fact a pseudo-dissimilarity)
employed, � , is given by

� (x; y) = 1 � (ex � ey )=(jjex jj 2jjey jj 2) 2 [0; 2]:

Thus

� � L C (C)

is a jCj � jCj interpoint distance matrix.
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Science News in R2
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Three Ideas

� corpus-dependent feature extraction

� iterative denoising
Priebe, C.E., Marchette, D.J., and Healy, D.M. (2004).
Integrated Sensing and Processing Decision Trees.
IEEE Trans. PAMI, Vol. 26, No. 6, pp. 699–708.

� user guidance via “distance-to-subset” features
Cowen, L.J., and Priebe, C.E. (1997).
Randomized Nonlinear Projections Uncover

High–Dimensional Structure.
Advances in Applied Mathematics, Vol. 9, pp. 319–331.
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Corpus-Dependent Feature Extraction

The fundamental core of L C (x) is

mx;w = log

 
f x;wP

� 2 C f � ;w
P

! f x;!

!

;

which will change as C is changed.
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Iterative Denoising Tree
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Root
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Geometr y Alteration!

Include distance-to-subset features d(�; S22).

pca� [(mds � � � L C22 (C22)) ; K cd(�; S22)] :
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A Meaningful(?) Association

The candidate association

astronomy #10422
“X-Ray Universe: Quasar's jet goes the distance”

by R. Cowen,
Science News Online, Feb. 16, 2002

&

physics #10516
“Glimpses inside a tiny, �ashing bubble”

by I. Peterson,
Science News Online, Oct. 5, 1996

is plausibly a meaningful association.

cep@jhu.edu
ACAS 2004 – p.23/26



< > - +
cep@jhu.edu
ACAS 2004 – p.24/26



< > - +

Kronec ker Quote

“The wealth of your practical experience

with sane and interesting problems

will give to mathematics

a new direction and a new impetus.”

– Leopold Kronecker to Hermann von Helmholtz –
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ISI 2005
cepisi05 - pattern recognition in high dimensions http://www.ams.jhu.edu/~priebe/cepisi05.html
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http://www.ams.jhu.edu/~priebe/cepisi05.html

55th Session of the International Statistical Institute
April 5-12, 2005, Sydney, Australia

Invited Paper Meeting:
Pattern Recognition in High Dimensions

Invited Speakers:

The Small-Sample Dilemma in High-Dimensional Pattern Recognition 
Don Geman
Center for Imaging Science
Johns Hopkins University, Baltimore, Maryland, USA
CMLA, Ecole Normale Superieure, Cachan, France
geman@jhu.edu
http://www.cis.jhu.edu/people/faculty/geman/

Kernel Methods for High-Dimensional Problems 
Bernhard Schoelkopf
Max Planck Institute for Biological Cybernetics
Tubingen, Germany
bernhard.schoelkopf@tuebingen.mpg.de
http://www.kyb.tuebingen.mpg.de/~bs

Geometric Decision Rules in High Dimensions 
Godfried Toussaint
School of Computer Science
McGill University
Montreal, Quebec, Canada
godfried@cs.mcgill.ca
http://cgm.cs.mcgill.ca/~godfried/

 

Organizer: Carey E. Priebe
                    cep@jhu.edu
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