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Artificial Intelligence
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Big Data and Math Thinking
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The ENIAC Electronic Numerical Integrator an
C

18000 vacuum tubes
70000 resistors
10000 capacitor
6000 switches

140 K Watts power
No high-level language

Assembly language

500 Flops
Function Table 0.001 s

3,700,000,000 times slower than current day large computer
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Evangelista Torricelli (1608-1647)
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FIGURE 1. Torricelli’s paradoxical funnel.
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http://upload.wikimedia.org/wikipedia/commons/f/fd/Von_Koch_curve.gif
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2012 Alan Berman Research Publication Award
Best publication in the Naval Research Lab.
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Vorticity Dynamics
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Radar Reflectivity

Hendricks et al. 2011
Corbosiero et al. 2006
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Figure 3.6. Swirling water flows out of a sink or bath by means of a central drain hole.
As fluid parcels rotate and approach the drain hole, they speed up to conserve the
circulation. © Pavel Losevsky / 123RECOM.



= S ERA

FE FELLEIEmEA —{7 s

T”ul

,|111H

BHFPEHENRIIRS

S RN EEERA = ARE
O 0001 * 10000 =1.0

T”ul



A& - - L
The best part of waking up, is the vortex in your cup!
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Coffee with white




Alamy

Theory points to three main mechanisms: mixing the ocean's surface layers
(up to a few hundred metres) by wind; mixing of deeper layers by ocean
currents; and eddies, swirls created when warm ocean currents meet cold
ones, blending large swathes of the ocean 10-100km across.

Dr Salée and colleagues report in in Nature Geoscience, eddies suck up as
much carbon as the other two mechanisms do, something most current
climate models fail o account for.

Economist, 12/08/2012



The profound study of nature is the most fertile
source of mathematical disovees. Fourien
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Phytoplankton
Swirls

Vortex &
Filaments
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In the style of Van Gogh's painting "Starry Night," massive congregations of greenish phytoplankton swirl in the dark water around Gotland, a
Swedish island in the Baltic Sea. Population explosions, or blooms, of phytoplankton, like the one shown here, occur when deep currents bring

nutrients up to sunlit surface waters, fueling the growth and reproduction of these tiny plants. (Credit: NASA Goddard Space Flight
Center/USGS)
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Statistical Dynamics

et I
Boltzmann mixing entropy

Constrained circulation and
angular momentum

Max Entropy

End states prediction

Schubert et al. (1999)

Max Entropy Min Enstrophy
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Stirred but not shaken

He likes the multiple scales!
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“Six monkeys, set to strum
unintelligently on typewriters
for millions of years,

Would be bound in time

to write all the books

in the British Museum.”
Huxley 1860

On June 30, 1860, at the Oxford Union in England, Anglican Archbishop of Oxford
University, Samuel Wilberforce, and evolutionist and agnostic Thomas Huxley were
engaged in the “Great Debate.” Huxley declared that given enough time all the possible
combinations of matter, including those necessary to produce a man, will eventually
occur by chance molecular movement.



“Six monkeys, set to strum unintelligently on typewriters for
millions of years, wouldbe bound in time to write all the books
in the British Museum.” Huxley 1860
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‘One economist’s trend is another economist’s cycle-
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Romantic Romeo and Fickle Juliet

(Strogatz 1988)
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Negative Feedback Oscillators
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Number of Students Perceiving

Woman

Man

— 1st Run
— — 2nd Run
---+ 3rd Run
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Picture Number

Figure 6.8: Schematic representation of the visual catas-
trophe based on the data in table 6.1 on three runs
(1234567876543212345678) through the series of pictures
in figure 6.7. On the vertical axis is plotted the number of
students perceiving a change in their perception. At the
level “man,” all of the students perceive a man, and at the
level “woman,” all of the students perceive a woman. On
the first run (solid line), all of the students see a man’s
face until the fifth picture, where a few students suddenly
see a woman. The biggest jump occurs at the seventh pic-
ture. By the eighth picture, all of the students are seeing
a seated woman. On the second run, most of the students
continue to see a woman until the fifth and fourth pictures
are presented, after which point most of the class is seeing
a man’s face. A similar pattern appears in the line for
the third run, but the shifts in perception do not occur in
the same place as they did for the second run. Thus these
results are a good illustration of one-time hysteresis.
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http://upload.wikimedia.org/wikipedia/commons/3/3f/Hysteresiscurve.svg
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In one sense the rubber band was
harder to stretch when it wa.ls being s CRISIZEE)
loaded than when it was being e (e
unloaded. FE R
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http://en.wikipedia.org/wiki/File:Elastic_Hysteresis.jpg

Van Gogh



