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

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 palimpsestba 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. <5 eH®

Armed with only a magnifying glass, Heiberg man 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
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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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Lc() : DocumentSpace ! [M utuall nformationF eature]® (¢):

Both the features themselves and the number of features d, (C)
depend on the corpus C. ThusLc(C)isaCj d. (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
iInformation between x and w is given by

f..
Myxw = log P -
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Here fy.w = Ccw =N where c,.,, Is the number of times word w appears
iIn document x and N is the total number of words in the corpus C. This
iInformation is discounted to reduce the impact of infrequent words via

P P
CX;W mln( DC ;W; b CX;! )

1+ CX;W 1+ min(' C;W;l ! CX;! )

Myw = Myw

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

& = Lc(X) = [Mxw.s  iMxwy (o]
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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 e)=(lieli2lieyli2) 2 [O;2]:

Thus
Lc(C)

Isa|Cj JCjinterpoint distance matrix.
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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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The fundamental core of L - (X) Is

f.
My = log P 2P
2Cf ;W ! 1:x;!
which will change as C is changed.
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Iterative Denoising Tree

Hada 1

Mode 2212
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Include distance-to-subset features d( ; S»»).

pca [(mds Lc,, (C22))  Ked( 5 S22)]
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3- 10422
& 10516
pca [(mds Lc,,, (C221)) s Keod( 5 S22)]
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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 |. Peterson,
Science News Online, Oct. 5, 1996

IS plausibly a meaningful association.
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X-Ray Unlverse: Quasar’s [el gosa the distance

Phiodons keft over from fee birh of the wniverse appesrn 1o have helped generale the
longest X ray-smitting jet ever found in a3 distant galaxy. Discovered by NASAE Chamndra
X-ray Ooaervatory, the e shoots a1 keaat 1 mson kghi-years o space, about 10 Bmea
he diameder of e oalawy i which 1he et onginales.

The jet emanaies from & guasar-a brilian sowrce of kght believed 10 De powered by &

supermassive black hode-at fe galawy's core. Compossed of dhanged parclesa, 1he jt
broadcasis zint radio waves in addition 1o {he brillant X-ray emissiona.

The jet's gresat length makes i undiiely hat the quasar could provade the eneagy for the

X rays, ndes Amsts Siembpnowaks of e Harvard-Smithaonian Center for Aatrophysica
in Camioridge, Maga. The refative intenaity of the X-ray and radis emissiona, 53 well aa

differences in thedr dis rbation within e e, also casts doubl on several ofher posaible

enengy aouwrces, she adds.

Inatead, Skemginewaks and her colleagues agy the X rays are mosi Bely penerated oy
collesons Detween changed parches inthe 2t and pholons i e Ccoamic Mcnowave
backgrownd (CMEB|-he radaton kel over from Te Big Bang, whach permesies s of
apace. Wihen photons inthe CB colide with elecons in the jel, the slecions gei s
ot b energy snd emid X rays, sugoeal Semiginowska, Jll Bechiold of the University
of Arizona in Tecson, and tes colleaguesa in e May 10 Asirophyaical Josmal

The quasar ke gome 10 bdion koht-yeara from Earih. That means e X raya hal
iChiamding mow records befl the diatant galasy when T expanding ndverse was retatvely
young and compact. in 8 denger universs, colisons petween changed paricies and the
CMB were more Bkedy than they ane loday.

Inferaclionsg with the CME could sccount for the 20 or ac X-ray jeia a0 far spéed by
Chandra, says Richand Mushoizky of MASA's Goddard Space Flight Canter in
Gresnbedl, Md. Ondy 1hres were Known Dedore Chandra's awnch n 1999,

{m addithon 1o Swapesting 8 noved robe for the CMB, which astromnomers useslly stady o
gean indonmation about e sarliest momenis of e unkverse, dals sboul the j21 may
provide new chess sbout e foomation of quasars and the black holes that kel them,
aays SemegEnowaka. For ingtance, e jols length ndicates that the quasar hea been
actve for 1 milon yeara.

Bechiokd and Semiginowaks found e jot by accident while vsing Chandrs 1o study The
E-ray apecinem of te guasar, known 83 PHS 1127-145.

The apecinem & Aol iniguing: 11 reveals that enrowte to Earth, Bght from the quasar
passed fwoudh an interendng galasxy . Since apecile sioms abaor apeatss X-ray
wevelengtha, 1he spectinem cames nformathon abodt the galaxy's CoMmpoEithon.

b e=over,

X rays prowvide & haghly aocurale probs of gatactic chemisiny Decause sioms sbaorh this
peneirang radiston regarndess of wheter ey are ionized, aitached 10 duat, or
ncormorated o mokecubes 5ayvs b ushotzky.

Gilmpees inside a tiny, flzshing bubble

Bombarded with an inense sound wave, 8 amall gas buibbés suspended inwaler can
i 8 g of exwemedy shor, brght pulses of kght. Known a3 sonckemmnescence, Tis
cofvwessaon of aound o koht oocirs during The rapsd and violent conracion of the
baninde 83 It pociliates inalep with the aound wave,

How the cofiepse of & bubdle during conraction gemnerates a fiash of kght, however,
reqmaing largedy 8 mysteny. Mow resesnchers have obiained new experimental evidence
™at may Buminate key characieniatics of the Bght sowce.

Dz groasp has decovered thal the bubbés wall separating e gaa from the surmondng
Bped may mot abways e pertectly gohencal during coliapas, 83 heoials had pencrally
Suppoaed. Amodher team has fownd thet puting the bubide inlo 8 Strong mageeto ficid
can drastically decrease Nght emiashon.

Physbcists Keith Weningsr, Seth J, Putierman, and Bradiay P. Barber of the
Unbverssty of Caltomés, Loa Angeles waed several photodeiecions aurrpunding 8 flaak of
waled 10 delenmins the undformity of Bght emission tnom 8 aound-driven oacillating
bbbl in some cases, My delected vanansons in Baht nden sty in diflerent direcsons,
Suggeating et the bubble wall was monaphencal-poasinly aqguashed inlo s alghily
elineoidal shape-dheing coflapae. In ofer casea, the bubbles staved sphencal

Thesr measurements, reporied n e Seplembar Physical Review E, alao ndicated thai
efipanedal dedonm ations coukd peraks? for up o 100 succeaabe contractons and Eohi
fizahea

"Thes work 15 intereating becawse i estabiighes & new diagnoate [1ool] at can be uwsed
w0 siudy & kot of ditierent aapects of sonodeminescence, saya Michasl J. Moran of the
Lawrence Livermore (Calit ) Matonsl Laboratony.

The pattemn of kpht emission ndicales 1hat he nonsphencal bubble wal refracts
redkaion o ing from a amsall, aphenical region of kot gas deep inskde 5 bubble,
Putierman and his colleaguess conciuds:

The chesrvaion hal & collapaing bubbde can actually appear perecty aphencel, 81 k=ast
soimelmed, B swpasng, Putierman saya. "You've 90t & Supersonic implogon, with e
pasinke wall coflapaang a1 over four Smes the speed of sownd . Yal, 81 the moment when
e baslbins hita ie mindmuem rades snd T Bght comes, we get 8 highly aphenical stake &
large perceniage of e @me

Thowgh Putienman and his coworkera can now delermine wheather bubble collapss s
gphetical, they can't yel predic? or condnod T2 shape nany given afuation. "The ayaiem
geamaE 10 hop between a aphencal stale and another alate " Pullerman moiea. Howewver,
e (oat o wihat 0 dio 1o fonee 1 fom one glake 0 he other”

Because slecine changes accelerale duning the generation of Bghl feahes, aiudyng the
effect of an external magnetc teld on The system could also kzad o nsights inlo

L SONOREMMESC SN0e.
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“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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cepisiOs - pattern recognition in high dimensions http://www.ams.jhu.edu/~priebe/cepisi05.html

http://www.ams.jhu.edu/~priebe/cepisi05.html

‘55th Session of the I nternational 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

i ﬁ F 'I http://www.kyb.tuebingen.mpg.de/~bs

N . " o
—| Geometric Decision Rules in High Dimensions
- Godfried Toussaint

P Jo School of Computer Science
NG T

McGill University

Montreal, Quebec, Canada
godfried@cs.mcgill.ca

«2=| http://cgm.cs.mcgill.ca/~godfried/

Organizer: Carey E. Priebe
cep@jhu.edu
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