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Focus: How Animals Avoid Each Other
November 12, 2010 - Phys. Rev. Focus 26, 20

Foraging animals or other randomly moving entities can more easily avoid each other by taking more long-
distance jumps, according to theoretical results, which may also apply to epidemics and database searches.

Vicious Lévy Flights
Igor Goncharenko and
Ajay Gopinathan
Phys. Rev. Lett. 105,
190601 (2010)

Published November 5,
2010
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Theorem 1 ( Wigner D3 MEI )

N — oo OWRT, #FRZt >0 T &R FHERE p(t, o) ITRO XL S IZH52 6N 5.

plt,x) = 4

if -2/ Nt < 2z <24/ Nt,

otherwise.

o« K7 T UL EBOSHIL VL.

o N B T-FEZEBMTIE, BADITOME ChitEF1) D= 2V/N fE2&h 5.
o —2V/Nt<zx <2J/Nt O&EIBHIZEF L, FOIMUIFEE L.

(PR support Z$F- 72474 H1.)

density

i B -0.5 0.5

1

Y

Figure 1.1 Empirical demonstration of the Wigner semicircle law for 10 % 10 matrices from the GUE.

P.J.Forrester, ‘Log-Gases and Random Matrices’ (2010)& Y5 12
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Theorem 2 ( Tracy-Widom 4371 )
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Z O 43Afi 7 Tracy-Widom 730 & 1) 9.

Frw(z) = exp (— / (u — :zr)fHM(u.)Qdu) ., reR.

ZZC, fum(u) iE, Painlevé II FFE=
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ViciousWalks/Random Matrix ¥t it

e There are 10 CLASSES of Gaussian Random Matrix Theories.

Standard (Wigner-Dyson)
GUE Star configurations
GOE ><
GSE Banana configurations

Nonstandard (chiral random matrices)  Particle Physics of QCD

chGUE —
chGOE ——— Realized by Noncolliding Systems of
chGSE — 2D Bessel processes and Generalized Meanders

Nonstandard (Altland-Zirnbauer) Mesoscopic Physics with Superconductivity

class C
class Cl \ Star config. with Absorbing Wall

class D
class DIl \ Banana config. With Reflection Wall

All of the 10 eigenvalue-distributions can be realized by the
Noncolliding Diffusion Particle Systems (Vicious Walks).

Katori and Tanemura, J.Math.Phys.(2004) 19
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Figure 2: On the left. points are sampled randomly: on the right, repulsion between points

leads to the selection of a diverse set of locations.

Figure 3: On the left, the output of a human pose detector is noisy and uncertain; on the
right, applying diversity as a filter leads to a clean, separated set of predictions.

Kulesza, A., Taskar, B.: Determinantal point processes for machine learning.
Foundations Trends Mach. Learn. 5, 123-286 (2012)
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ta) %3

Figure 1. (a) Cells from the epidermal epithelium of the cucumber (after Lewis 1928).
(b) Voronoi tessellation generated from a complex Gaussian random matrix.

Ginibre = oo nlore BIAIECG | €= Poisson
.I.;.' I. 'I 5, .

Figure 3. (2) Random matrix Voronoi froth, N =400, o =1, (b} Random Voronoi froth,
N =400 points distributed according to a Poisson process in a cirele of radius 20.

G Le Caert, G. Le, Ho, J. 5.: The Voronoi tessellation generated from eigenvalues of complex

random matrices. 22
J. Phys. A: Math. Gen. 23, 3279-3295 (1990)
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(S. Sheffield @ web site &Y http://math.mit.edu/~sheffield/) 28



Euclidean Diffusion Limited Aggregation (DLA)

introduced by Witten-Sander 1981.
(S. Sheffield M web site &Y http://math.mit.edu/~sheffield/ )
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DLA in nature: Magnese oxide patterns on the surface of a rock.
(S. Sheffield @ web site &Y http://math.mit.edu/~sheffield/ )
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